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The purpose of this study was to evaluate the skeletal and dentoalveolar 
changes occurring during two-phase orthodontic treatment. A cephalomet- 
ric study of Class II correction was carried out in 40 subjects (20 females, 20 
males) who had been treated w i th  the acrylic-splint Herbst appliance 
immediately fol lowed by a second phase of preadjusted edgewise therapy. 
The average age at the start of Herbst therapy was 12.5 _+ 0.8 years for 
females and 13.6 ± 1.2 years for males. Descriptive cephalometric data were 
compared wi th  the normative values derived from the University of Michi- 
gan Elementary and Secondary School Growth Study. Control values were 
generated for each of the 40 Herbst patients based on gender, initial age, and 
duration of treatment. The results of this study indicate that the Class II 
correction achieved during Phase I treatment w i th  Herbst appliance was due 
mainly to an increase in mandibular length, as well as distal movement of the 
maxillary molars and mesial movement of the mandibular molars and 
incisors. The accelerated mandibular growth rate observed during Herbst 
therapy was fol lowed by a diminished growth rate during the edgewise 
phase that was less than control values. The overall increase in mandibular 
length was slight ( -1  mm), but significantly greater than control data for the 
whole group and the male subgroup; however, it was not significantly 
different between the treatment group and control data in the female 
subgroup. There were no significant treatment effects on lower anterior 
facial height and the mandibular plane angle at the end of either phase of 
treatment. The skeletal changes contributed to 55% of the molar correction 
during the Herbst therapy, whereas at the end of the second phase of 
treatment, skeletal change accounted for 80%. Significant anteroposterior 
dentoalveolar rebound was seen during the edgewise phase. (Semin Orthod 
1998;4:46-58.) Copyright © 1998 by W.B, Saunders Company 

A contemporary strategy for the treatment of Class 
II malocclusion features an initial phase of  func- 

tional appliance therapy followed by a subsequent 
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phase of fixed appliance treatment. Supposedly, the 
underlying skeletal discrepancy is corrected during 
the first phase of treatment, and detailed tooth align- 
ments are performed during the later fixed appliance 
phase. 

Among the various types of functional appliances 
available today, the Herbst appliance is thought to be 
an effective device to correct Class II malocclusions. 
The Herbst appliance, developed by Emil Herbst 1,2 in 
1905, is a bite-jumping device that features a bilateral 
telescoping mechanism that keeps the mandible in a 
continuously prot ruded position. This appliance is 
designed to be worn 24 hours a day, and the treatment 
effect can be achieved in a relatively short period of 
time (6 to 12 months).3 
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During the last 20 years, a n u m b e r  of  clinical 
studies have evaluated the effects of  the various types 
of  Herbst  appliances on the craniofacial skeleton. 
Both skeletal and dentoalveolar  effects have been  
documented ,  regardless of  the m e t h o d  of  a t tachment  
of  the Herbst  mechanism to the dental  arches (eg, 
banded,  3,4 cast splint, 5 acrylic splint, 6,7 and stainless 
steel crownsS,9). 

Most previous investigators have repor ted  only 
l imited effects of  the Herbst  appliance on the maxil- 
lary complex.  When  change in maxil lary posit ion 
(SNA) was evaluated, the forward growth of  maxilla 
relative to nasion was slightly less in the t rea tment  
groups in comparison with controls. 3,4,7,1°,u In con- 
trast, the measures of  maxillary size (Co-ANS and 
Co-Point A) indicated that the Herbst  appliance did 
not  affect the growth of  the maxilla significantly. 6'7'12 

Increases in the length of  the mandible ,  ranging 
f rom 1.3 m m  to 3.5 ram, have been  d o c u m e n t e d  in 
previous clinical studies of  the Herbst  appliance in 
compar ison  with un t rea ted  controls.  Pancherz  S'13 
found  that the average increase in mandibula r  length 
of  10 growing patients exceeded  that of  10 unt rea ted  
subjects by 2.2 m m  over a 6-month period.  A subse- 
quen t  study by Pancherz  4 also showed an addit ional  
2.0 m m  of length  increase. In an investigation of  
headgear-Herbst  t rea tment  on a group of  patients 
with severe Class II malocclusions in the early mixed  
dentit ion,  Wieslander  5 repor ted  that within a 5-month 
interval, mandibular  length increased 2.0 m m  more  in 
a treated group than in an unt rea ted  control  group.  
Addit ional  mandibular  growth of  1.3 m m  was re- 
por ted  by Valant and Sinclair 11 in a 10-month treat- 
men t  period. McNamara  et al 6 repor ted  an average of  
2.7 m m  more  growth in patients wearing the acrylic- 
splint Herbst  than in an un t rea ted  group,  whereas 
Windmil ler  7 repor ted  an addit ional  3.5 m m  of  man- 
dibular length increase. 

Previous studies have shown that Herbst  appliance 
t r ea tmen t  typically has a bite o p e n i n g  effect. 
Pancherz 3,4 observed an increase in lower anter ior  
facial he ight  p roduced  by the banded  Herbst  appli- 
ance. In the investigation of  t rea tment  effects with the 
acrylic-splint Herbst, both  McNamara  et al 6 and Wind- 
mil ler  7 repor ted  a significant increase in lower ante- 
r ior facial he ight  in the t rea tment  groups. These 
studies did no t  show significant t rea tment  effect on 
the mandibular  plane, presumably because of  an 
increase in ramus height  posteriorly. 6,7 In a study of  
vertical changes p roduced  by different  types of  Herbst  
appliances, Schiavoni et a114 found  the banded  type as 
used by Pancherz  did not  modify the vertical growth 
pat tern significantly, whereas the acrylic-splint type 
allowed an upward and forward rotat ion of  the man- 
dible. 

In the dentoalveolar  region,  the Herbs t  bite- 
j u m p i n g  mechanism produces  a posteriorly-directed 

force on the upper  poster ior  teeth and an anteriorly- 
directed force on the lower anter ior  teeth, resulting in 
distal tooth movements  in the maxillary buccal seg- 
ments and mesial tooth  movements  in the mandible.  
The  mandibula r  incisors have been  shown to procl ine 
dur ing Herbst  treatment.  3,4,u,15 An analysis of  vertical 
dentoalveolar  changes revealed that the upper  first 
molars and lower incisors are inhibi ted from erupt ing  
dur ing  treatment ,  4,6,u whereas the e rupt ion  o f  lower 
first molars is no t  affected significantly. 6,7,u 

The  t rea tment  effects p roduced  by the Herbst  
appl iance have been  well documen ted  in the litera- 
ture; however, the t rea tment  changes occurr ing  dur- 
ing two-phase t rea tment  have no t  been  described 
previously. The  purpose  of  this study was to evaluate 
the skeletal and dental  changes dur ing  two-phase 
treatment:  the acrylic-splint Herbst  followed by a 
preadjusted edgewise appliance.  In particular, this 
study emphasized the pos t t rea tment  impact  of  the 
acrylic Herbst  appliance on subsequent  mandibular  
growth, vertical control,  and dentoalveolar  move- 
ment.  

Subjects and Methods 

Sample Selection 

The  cephalometr ic  records of  Class II, division 1 
subjects who u n d e r w e n t  t rea tment  with a Herbst  
appliance immediately followed by a preadjusted edge- 
wise appliance were analyzed. The  Herbst  appliance 
used was of  the acrylic-splint type 16,17 that  had occlusal 
coverage f rom the canines to the first molars in the 
maxil lary arch and full occlusal and incisal coverage in 
the mandibula r  arch. About  75% of  the maxillary 
splints were removable,  with the remainder  bonded,  
whereas the mandibula r  splint always was removable.  
In about  half  of  the appliances, a midpalatal  expan- 
sion screw was incorpora ted  into the appliance and 
activated one  quar ter  turn  once per  week until appro- 
priate expansion of  the maxilla was achieved. 

The  samples were selected f rom an original group 
of  135 consecutively-treated patients who unde rwen t  
Herbst  appliance therapy in one  of  two faculty practic- 
es i o r  in the Graduate  Or thodont ic  Program at the 
University of  Michigan. ii To be inc luded in this study, 
subjects had  to mee t  the following criteria: 

1. a p re t rea tment  Angle Class II, division 1 malocclu- 
sion def ined by at least an end-to-end molar  relation- 
ship; 

iDrs James A. McNamara, Jr. and Patrick J. Nolan 
(N = 120) and Dr RichardA.Johnson (N = 5). 

iiSubjects were treated under the supervision of Dr J.A. 
McNamara, Jr (N = 10). 
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2. n o  p e r m a n e n t  t e e th  ex t rac ted  before  or  d u r i n g  
t r ea tmen t ;  

3. two-phase t r e a t m e n t - - H e r b s t  the rapy  immedia te ly  
fol lowed by p read jus t ed  edgewise app l iance  treat- 
men t ;  

4. t h ree  consecut ive  cepha lograms ,  p re -Herbs t  (T1), 
immedia t e  post -Herbst  (T2) , and  postedgewise (T3) .  

No subject  was exc luded  f rom the  study on  the  
basis of  coopera t ion .  Ninety-five of  the  135 subjects 
were e l imina ted  f rom f u r t h e r  cons ide ra t ion  acco rd ing  
to the  exc lus ionary  cr i ter ia  ou t l i ned  in Table 1, 
leaving a sample  of  40 pa t ien ts  for  f u r t h e r  analysis. 
This  sample  consis ted  of  20 females  a n d  20 males. For  
females,  the  average age at  the  start  of  H e r b s t  the rapy  
was 12.5 -+ 0.8 years, with a r ange  f rom 11.2 years to 
13.8 years; for  males,  13.6 _+ 1.2 years, with a r ange  
f rom 11.8 years to 15.8 years. T h e  average ages at  T1, 
T2, a n d  T3, as well as the  m e a n  t r e a t m e n t  intervals  for  
the  whole  sample  a n d  its two subgroups  are summa-  
r ized in Tables 2 a n d  3, respectively. 

Control Standards 

To c o m p a r e  the  t r e a t m e n t  changes  with the  growth  
changes  tha t  would have o c c u r r e d  wi thou t  t r ea tmen t ,  
no rma t ive  values der ived f rom T h e  Universi ty of  
Mich igan  E l e m e n t a r y  a n d  Secondary  School  Growth  
Study (UMGS)is  were used. These  values are popula-  
t ion n o r m s  in tha t  the  u n t r e a t e d  subjects were se- 
lec ted  solely o n  the  basis of  a t t e n d a n c e  at  the  Univer-  
sity School ,  a l abora to ry  school  o n  the  A n n  A r b o r  
campus.  All ma locc lus ion  types are r e p r e s e n t e d  in this 
sample,  a l t h o u g h  the re  is a bias toward Class II 
ma locc lus ion  a n d  inc reased  lower a n t e r i o r  facial 
he ight .  The  c u r r e n t  digi t ized UMGS sample  size now 
is near ly  doub le  the  or ig inal  n m n b e r  of  subjects 
(N = 83) desc r ibed  in the  atlas o fR io lo  et  aP s tha t  was 
pub l i shed  in 1974. 

N o r m s  for  init ial  values a n d  expec ted  c h a n g e  
d u r i n g  t r e a t m e n t  were calculated for  each  of  the  40 

Table 1. S u m m a r y  of  Sample  Select ion 

Parent Sample 135 

Exclusionary Criteria 
In active treatment at the time records were 

reviewed 17 
No fixed appliance after Herbst therapy 13 
Relocation during active treatment 6 
Other treatment between Herbst therapy and 

fixed appliance treatment 14 
Surgical cases 5 
Molar relation less than 1/2 cusp Class II 5 
Extraction of teeth 3 
Incomplete cephalograms 29 
Poor film quality 2 
Cephalogram with Herbst appliance in place 1 

Sample Satisfying the Criteria 40 

Table 2. Average Star t ing  Age 

Group N 7"1 7"2 T3 

Total 40 13y0m _+ 13m 14y0m -+ 13m 15y6m -+ 15m 
Female 20 12y6m -+ 10m 13y6m + l l m  14y9m -+ 12m 
Male 20 13y7m-+14m 14y7m-+13m 16y2m-+ 13m 

H e r b s t  pat ients ,  based  o n  gender ,  age, a n d  du ra t ion  of  
t r ea tmen t .  19 T h e  no rma t ive  values p rov ided  in the  
UMGS da ta  are r e p o r t e d  in yearly i n c r e m e n t s  (11 to 
12, 12 to 13, etc.). Con t ro l  da ta  were calculated for  
each  individual ,  based  o n  the  ages at  which  the  
cepha log rams  were taken.  To es t imate  a m e a n  growth 
i n c r e m e n t  specific to each  subject ' s  exact  age, it was 
necessary  to in t e rpo la te  by p r o p o r t i o n a l  parts.  

T h e  UMGS cepha log rams  have a s tandard ized  
12.92% e n l a r g e m e n t .  For  the  c u r r e n t  study, all l inear  
m e a s u r e m e n t s  were conve r t ed  to 8%. 

Normat ive  data  were no t  available for  the  measures  
tha t  used  the  F rankfor t  Hor izon ta l  because ,  as origi- 
nally digi t ized in the  UMGS sample,  Ana tomica l  Po- 
r ion  was n o t  used. Po r ion  was de f ined  as " t h e  mid- 
p o i n t  of  tl~e l ine c o n n e c t i n g  the  mos t  super io r  po in t  
of  the  radiopaci ty  g e n e r a t e d  by each  of  the  two ear  
rods  of  the  cephalos ta t .  ''18 Normat ive  data  were also 
no t  available for  the  measures  of  Class II cor rec t ion .  2° 

Cephalometric Analysis 

Serial lateral  c epha log rams  initially were hand- t raced ,  
with the  films of  a given series analyzed at a single 
si t t ing by the  same invest igator  (M.L.). The  tracings 
were verif ied by a n o t h e r  invest igator  (].A.M.), and  any 
dispari t ies in l a n d m a r k  loca t ion  were resolved by 
m u t u a l  ag reemen t .  T h e  l andmarks  were digitized, a n d  
39 variables were genera ted ,  26 l inear  a n d  13 angular.  
T h e  H e r b s t  g roup  was divided in to  two groups  accord- 
ing to g e n d e r  to evaluate  the  a m o u n t  of  m a n d i b u l a r  
growth,  r e p r e s e n t e d  by the  m e a s u r e  Condyl ion-  
G n a t h i o n .  The  c h a n g e  in the  hor i zon ta l  a n d  vertical 
posi t ions  of  the  molars  a n d  incisors was d e t e r m i n e d  
acco rd ing  to the  m e t h o d  desc r ibed  previously by 
M c N a m a r a  et  al. 6,21 

T h e  m e t h o d  for  d e t e r m i n i n g  skeletal  a n d  den ta l  
con t r ibu t ions  to Class II co r rec t ion  was a modi f ied  
version of  J o h n s t o n ' s  p i t chfork  analysis. 2° Regional  
super impos i t ions  were used to quant i fy  the  source of  
co r r ec t i on  at  the  level of  the  func t iona l  occlusal plane:  
d i s p l a c e m e n t  of  maxi l lary  a n d  m a n d i b u l a r  basal b o n e  
relative to the  crania l  base, d i sp l acemen t  of  the  

Table 3. Average T r e a t m e n t  Time 

Group N TFFz T2-T3 Tz-T3 

Total 40 12m -+ 4m 17m -+ 6m 29m + 8m 
Female 20 12m -+ 4m 15m + 4m 27m + 6m 
Male 20 12m + 4m 19m -+ 7m 31m -+ 9m 
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mandible  relative to the maxilla (apical base change 
or  ABCH),  and dental  movemen t  relative to maxillary 
and mandibular  basal bone.  The  funct ional  occlusal 
plane was used because it is less affected by t rea tment  
changes in incisor position. ~°,22 

The  skeletal and dental  components  of  Class II 
molar  and overjet correct ion were measured  along a 
mean  functional  occlusal plane (MFOP), 2° the aver- 
age of  the pre-Herbst  (T1) and post-edgewise (T~) 
functional  occlusal planes, when the tracings were 
super imposed in the maxilla. 22 The  MFOP then was 
transferred to each tracing based on  superimposi t ion 
on maxillary structures. The  tracings were digitized, 
and all measurements  were calculated parallel to the 
MFOP based on the protocols  of  Johnston.  2°,~2 

Sta t i s t ica l  Analysis 

Means and standard deviations were calculated for 
age, durat ion of  t reatment ,  and all cephalometr ic  
variables for the Herbst  group and the control  data, as 
well as for the measurements  of  t rea tment  changes 
taken along the MFOP for the t rea tment  group.  

To evaluate the between-group differences in pre- 
t rea tment  morphology  and change dur ing  each inter- 
val, paired t-tests were used to test the null hypothesis 
(Ho): la~ = P2. Trea tment  changes executed along 
MFOP were analyzed by completely randomized  t- 
tests, Ho:  81 = 82, for each phase (Herbst  phase, 
edgewise phase, and overall change) .  

Results  

Comparison of Starting Forms 

Means and standard deviations for selected cephalo- 
metr ic  variables before  t rea tment  (T1) are presented  
in Table 4. Significant between-group differences were 
noted  for some measures. The  Herbst  group was more  
Class II than the controls at the onset  of  t reatment ,  as 
ind ica ted  by a significantly grea te r  ANB angle  
(P < .001) and a significantly smaller maxil lomandibu- 
lar differential ~'~ (P < .001) in comparison with the 
populat ion norms. The  size of  the maxilla was larger 
than the normative values (Co-ANS and Co-Pt A; 
P <  .001). In the vertical dimension,  the t rea tment  
subjects had a greater  poster ior  facial he ight  and 
ramal height,  as measured  by S-Go and Co-Go (P < .05 
and P < .01, respectively), and a flatter mandibula r  
plane angle (SN-MP, P < .05). 

Dentoalveolar  measures showed the lower denti- 
t ion to be in a more  anter ior  posit ion relative to the 
mandibular  basal bone,  as indicated by the shorter  L1 
horizontal  and L6 horizontal  (P < .05). In addit ion,  
the lower incisor was more  proc l ined  in the t rea tment  
sample (98.7 °) than in the controls (95.5°; P < .01). 

Analysis of  Treatment Effects 

Descriptive and inferential  statistics for changes dur- 
ing each interval  (T1-T2, T~-T3, and TrT~) are summa- 
rized in Tables 5, 6, and 7. The  differences between 
the mean  changes in the two groups constitute the 
t rea tment  effects. 

Maxillomandibular relationship. In the t rea tment  
group,  significant improvements  in the sagittal skel- 
etal relat ionship were evident  at the end of  Herbst  
therapy, as indicated by a significant decrease in the 
ANB angle and a significant increase in the maxillo- 
mandibula r  differential (P < .001; Table 5). Al though 
the t rea tment  group had a lesser increase ( P <  .05; 
Table 6) in the latter measure  dur ing  the second 
phase, the t rea tment  effects still were significant at the 

end  of  total t rea tment  (P < .001; Table 7). 
Maxillary effects. A significant decrease in the SNA 

angle was observed dur ing  both phases when com- 
pared  with the controls (P < .01 and P < .001, respec- 
tively). With respect  to the change in the size of  the 
midface,  represented  by the measures Condylion- 
Point  A and Condylion-Anter ior  Nasal Spine, no 
significant between-group difference was found,  ex- 
cept  for the distance Co-Pt A, which increased less in 
the t rea tment  group than could be inferred f rom the 

control  data for T2 to T3 (P < .01). 
Mandibular ~ects. A significant increase in the 

SNB angle was evident  dur ing  Herbst  t rea tment  
(P < .001). The  reverse was no ted  in the fixed appli- 
ance phase ( P <  .001), result ing in no significant 
difference between the two groups for the overall 
change in the SNB angle. A greater  increase in 
mandibula r  length,  as represented  by Co-Gn, was 
no ted  dur ing Herbst  t rea tment  (4.7 m m  v 2.5 mm, 
P <  .001). The  reverse again was seen in the incre- 
ments  of  mandibular  length dur ing the fixed appli- 
ance phase, with greater  growth increments  observed 
in the controls (3.1 mm)  than in the treated group 
(1.9 ram; P < .001). A significant difference between 
the two groups, however, still was no ted  for the overall 
change in the mandibula r  length  (6.6 m m  v 5.6 mm,  
P < .01). The  same t rend was no ted  for the Articulare- 
Anatomical  Gnath ion  measure.  

The  whole group was divided into two groups 
according to gender.  The  amoun t  of  mandibular  
growth, as measured  by Co-Gn, in each of  the resulting 
groups was compared  with the control  standards. An 
increased growth rate dur ing  Herbst  therapy followed 
by a slower growth rate in compar ison with control  
norms  was obvious for both  subgroups. The  overall 
change was no t  significant in the female group, 
whereas this overall increase was significant in the 

male group (P < .05). 
Verticaleffects. Significant treatment-related changes 
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T a b l e  4.  C o m p a r i s o n  o f  S t a r t i n g  F o r m s t  

Measure 

Herbst Group (N = 40) Control Data (iV = 40) 

Mean S.D. Mean S.D. Sign~anee 

Sa#t ta lSke le ta lMeasures  
~ N  73.4 3.3 74.1 2.1 
M/Mdi f fe ren t i a l  23.0 3.6 25.6 1.7 
ANB(°)  4.9 1.5 3.6 0.2 

n s  

Maxillary Skeletal Measures 
Co-ANS 97.2 5.4 92.8 3.0 *** 
Co-Pt A 93.9 5.4 89.7 2.8 *** 
Pt A-Nasion Perp 0.2 2.5 - - - 
SNA (°) 81.7 3.3 80.6 0.2 ns 

Mandibular  Skeletal Measures 
Co-Gn 116.8 6.7 115.0 4.3 ns 
Ar-Gn 108.3 6.7 108.8 3.8 ns 
Pog-Nasion Perp - 6.8 4.9 - - - 
SNB (°) 76.7 3.4 77.1 0.3 ns 

Vertical Skeletal Measures 
N-Me 118.2 7.5 118.7 4.5 ns 
N-ANS 53.6 3.2 53.6 1.5 ns 
ANS-Me 67.0 5.8 67.1 3.0 ns 
S-Go 76.6 5.8 74.5 3.6 * 
Co-Go 56.9 4.7 54.9 2.8 ** 
SN-Occlusal p lane (°) 17.4 4.6 16.2 0.7 ns 
SN-Mand plane (°) 31.8 5.4 33.9 0.4 * 
FMA (°) 23.2 5.2 - - - 
Facial axis (°) - 0 . 6  3.8 - 2 . 0  0.2 * 

Maxillary Denti t ion 
U6 horizontal  
U1 horizontal  
U1-Pt A Perp 
U1-SN (°) 
U6-PP 
U1-PP 

28.4 2.7 - - - 
59.2 3.5 - - - 

5.8 2.1 - - - 
106.1 7.2 103.4 0.7 * 

22.7 2.5 22.1 1.5 ns 
28.6 2.4 28.6 1.3 ns 

98.7 6.3 95.5 0.9 ** 
31.5 2.7 32.4 0.3 * 

8.3 3.0 9.4 0.6 * 
0.7 1.9 1.7 0.2 ** 

32.2 2.7 31.7 1.7 ns 
41.8 3.2 41.2 1.9 ns 

Mandibular  Denti t ion 
IMPA (°) 
L6 horizontal  
L1 horizontal  
L1 to A-Pog 
L6 vertical 
L1 vertical 

NOTE. t = in m m  unless otherwise noted;  - = not  
*P < .05. 
* * P <  .01. 
***P < .001. 

available; ns = no t  significant. 

in  ve r t i ca l  m e a s u r e s  a lso were  n o t e d .  To ta l  a n t e r i o r  

facia l  h e i g h t  (N-Me) ,  u p p e r  a n t e r i o r  facia l  h e i g h t  

(N-ANS) ,  to ta l  p o s t e r i o r  facia l  h e i g h t  (S-Go),  a n d  

l ower  p o s t e r i o r  facia l  h e i g h t  (Co-Go)  i n c r e a s e d  s ignif i -  

c an t l y  m o r e  d u r i n g  t h e  H e r b s t  t r e a t m e n t  ( P <  .001).  

T h e s e  m e a s u r e s  we re  l a r g e r  still in  t h e  H e r b s t  g r o u p  a t  

t h e  e n d  o f  f i x e d  a p p l i a n c e  t r e a t m e n t .  I n  c o n t r a s t ,  

n e i t h e r  t h e  H e r b s t  a p p l i a n c e  n o r  f i x e d - a p p l i a n c e  
t h e r a p y  h a d  a n y  s i g n i f i c a n t  e f fec t  o n  lower  a n t e r i o r  
facia l  h e i g h t  (ANS-Me) .  

T h e  pa l a t a l  p l a n e  a n g l e  i n c r e a s e d  w h e n  c o m p a r e d  

wi th  c o n t r o l  v a l u e s  ( P <  .01) d u r i n g  t h e  f irst  t rea t -  

m e n t  p h a s e .  D u r i n g  t h e  s e c o n d  p h a s e ,  however ,  t h e  

pa la ta l  p l a n e  a n g l e  d e c r e a s e d  ( P <  .05),  r e s u l t i n g  in  

n o  overa l l  b e t w e e n - g r o u p  d i f f e r e n c e s .  T h e  s a m e  ten-  

d e n c y  also was t r u e  fo r  t h e  o c c l u s a l  p l a n e .  T h e  

o c c l u s a l  p l a n e  in  t h e  t r e a t m e n t  g r o u p ,  however ,  was 

s t e e p e r  a f t e r  f i x e d  a p p l i a n c e  t h e r a p y  ( P <  .05) in  

c o m p a r i s o n  wi th  t h e  con t ro l s .  T h e  overa l l  e f fec t  o n  

facia l  axis  a n g l e  was n o t  s i gn i f i can t ,  a l t h o u g h  t h e r e  
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T a b l e  5. C o m p a r i s o n  o f  C h a n g e  D u r i n g  the  H e r b s t  Phase  (T1 - T2) 

He@st Group (N = 40) 

Measure Mean S.D. 

Control Data (N = 40) 

Mean S.D. Significance 

Sagittal Skeletal Measures 
M/M difference 3.6 1.4 1.4 0.7 *** 
ANB (°) -1 .5  0.9 -0 .2  0.2 *** 

Maxillary Skeletal Measures 
Co-Pt A 1.1 1.5 1.1 0.5 ns 
Co-ANS 1.1 1.6 1.2 0.5 ns 
Pt A-Nasion Perp -0 .5  0.8 - - - 
SNA (°) -0 .3  0.8 0.1 0.3 ** 

Mandibular Skeletal Measures 
Co-Gn 4.7 1.7 2.5 1.0 *** 
Ar-Gn 4.6 1.7 2.3 1.0 *** 
Pog-Nasion Perp 1.8 1.6 - - - 
SNB (°) 1.2 0.8 0.3 0.3 *** 

Vertical Skeletal Measures 
N-Me 4.0 1.90 2.5 1.3 *** 
N-ANS 1.6 1.0 0.8 0.4 *** 
ANS-Me 2.0 1.5 1.6 0.9 ns 
S-Go 4.0 1.3 2.0 0.9 *** 
Co-Go 3.5 1.4 1.7 0.6 *** 
SN-Palatal plane (°) 0.4 0.8 -0.1 0.2 ** 
SN-Occlusal plane (°) 2.1 2.5 -0 .5  0.5 *** 
SN-Mand plane (°) -0 .6  1.2 -0 .3  0.5 ns 
VMA (°) -0 .5  1.0 - - - 
Facial axis (°) 0.6 1.0 0.0 0.4 ** 

Maxillary Dentition 
U6 horizontal - 0.9 1.4 - - - 
U1 horizontal -0 .2  2.1 - - - 
U1-Pt A Perp -0 .6  1.7 - - - 
U6-PP -0 .2  0.9 1.0 0.6 *** 
U1-PP 0.8 1.2 0.5 0.3 ns 

Mandibular Dentition 
IMPA (°) 5.1 4.0 -0 .5  1.1 *** 
L6 horizontal 1.5 1.0 0.1 0.2 *** 
L1 horizontal 1.6 1.4 -0 .5  0.4 *** 
L1 to A-Pog 2.8 1.3 0.0 0.2 *** 
L6 vertical 1.5 0.8 0.9 0.3 *** 
L1 vertical 0.2 1.2 0.8 0.5 *** 

NOTE. - = not  available; ns = not  significant. 
*P < .05. 
**P<  .01. 
***P< .001. 

was a s igni f icant  m e a n  c h a n g e  in this ang le  d u r i n g  the  

first phase .  T h e r e  was n o  s ignif icant  t r e a t m e n t  effect  

o n  the  m a n d i b u l a r  p lane .  

Dentoalveolar effects. W h e n  the  d e n t o a l v e o l a r  

c h a n g e s  in the  H e r b s t  g r o u p  were  c o m p a r e d  wi th  

those  i n f e r r e d  f r o m  the  Mich igan  cont ro ls ,  the  m a n -  

d ibu la r  tee th  o f  the  H e r b s t  g r o u p  m o v e d  f o r w a r d  (L6 

h o r i z o n t a l  a n d  L1 hor i zon ta l ,  P < .001; Table  5) a n d  

the  m a n d i b u l a r  incisors  f la red  an  average 5.5 ° m o r e  

d u r i n g  the  first p h a s e  (P  < .001). A l t h o u g h  the re  was 

oppos i t e  t o o t h  m o v e m e n t  t h e r e a f t e r  (Table  6), the  

lower  den t i t i on  still was loca ted  in a m o r e  a n t e r i o r  

pos i t i on  at the  e n d  o f  t r e a t m e n t  (L6 hor izon ta l ,  

P < .01; L1 h o r i z o n t a l  a n d  IMPA, P < .001). 

I n  the  vertical  d i m e n s i o n ,  the  H e r b s t  app l i ance  

p r e v e n t e d  the  u p p e r  m o l a r s  a n d  the  lower  incisors  

f r o m  e r u p t i n g  ( P <  .001), b u t  a l lowed the  lower  

m o l a r s  to e r u p t  m o r e  (P  < .001). T h e  u p p e r  incisors  

were  n o t  af fected by the  H e r b s t  app l i ance .  D u r i n g  the  

f ixed app l i ance  phase ,  u p p e r  p o s t e r i o r  vert ical  alveo- 

lar  c h a n g e  was n o t  significantly d i f f e ren t  b e t w e e n  the  

two g r o u p s .  T h e r e f o r e ,  the  overall  c h a n g e s  f e a t u r e d  

less o f  an  inc rease  in u p p e r  p o s t e r i o r  a lveolar  h e i g h t  

(U6-PR P <  .001) a n d  a g r e a t e r  inc rease  in lower  
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T a b l e  6. C o m p a r i s o n  o f  C h a n g e  D u r i n g  the  Fixed A p p l i a n c e  Phase  (T 2 - T:0 

Herbst Group (N = 40) 

Measure Mean S.D. 

Control Data (N : 40) 

Mean S.D. Significance 

Sagittal Skeletal Measures 
M/M difference 1.1 1.5 1.8 1.1 * 
ANB (°) -0 .2  0.9 -0 .2  0.3 ns 

Maxillary Skeletal Measures 
Co-Pt A 0.7 1.4 1.3 0.7 ** 
Co-ANS 1.1 1.6 1.5 0.8 ns 
Pt A-Nasion Perp -0 .5  0.8 - - - 
SNA (°) -0 .3  0.7 0.4 0.2 *** 

Mandibular Skeletal Measures 
Co-Gn 1.9 1.8 3.1 1.8 *** 
Ar-Gn 1.7 1.8 3.0 1.8 *** 
Pog-Nasion Perp 0.5 2.0 - - - 
SNB (°) -0.1 0.9 0.5 0.3 *** 

Vertical Skeletal Measures 
N-Me 2.5 2.5 2.7 2.1 ns 
N-ANS 0.7 1.0 0.8 0.6 ns 
ANS-Me 1.7 1.9 2.0 1.7 ns 
S-Go 1.9 1.8 2.5 1.6 ** 
Co-Go 1.2 1.3 2.3 1.2 *** 
SN-Palatal plane (o) -0 .3  0.7 0.0 0.2 * 
SN-Occlusal plane (°) -1 .7  2.6 -0 .1  0.5 *** 
SN-Mand plane (°) -0 .3  1.5 -0 .6  0.7 ns 
FMA (°) -0.1 1.4 - - - 
Facial axis (°) -0 .4  1.2 0.4 0.6 ** 

Maxillary Dentition 
U6 horizontal 1.9 1.5 - - - 
U1 horizontal -0 .3  1.5 - - - 
U1-Pt A Perp - 0.6 1.3 - - - 
U6-PP 1.6 1.1 1.3 0.8 ns 
U1-PP 0.2 1.1 0.6 0.4 * 

Mandibular Dentition 
IMPA (°) -2 .8  5.5 -0 .3  0.9 ** 
L6 horizontal 0.7 1.1 0.0 0.4 *** 
L1 horizontal - 1.2 1.5 -0 .5  0.5 * 
L1 to A-Pog -0 .7  1.4 0.1 0.4 ** 
L6 vertical 1.6 1.2 1.2 0.8 ** 
L1 vertical 1.4 1.4 1.1 1.1 ns 

NOTE. - = not available; ns = not  significant. 
*P < .05. 
* * P <  .01. 
***P< .001. 

p o s t e r i o r  alveolar  h e i g h t  (L6 Vertical, P < .001) w h e n  

c o m p a r e d  wi th  the  cont ro ls .  

Class I I  correction. L i nea r  c h a n g e s  m e a s u r e d  a l o n g  

the  M F O P  d u r i n g  each  p h a s e  fo r  the  t r e a t m e n t  are 

dep i c t ed  d i ag rammat i ca l ly  in F igure  1. At  the  s ta r t  o f  

H e r b s t  t r e a t m e n t ,  the  Class II  m o l a r  a n d  ovel je t  we re  

1.2 m m  a n d  7.2 m m ,  respectively, as m e a s u r e d  a l o n g  

the  M F O E  

A n  i m p r o v e m e n t  in sagittal occlusal  r e l a t i o n s h i p  

was o b s e r v e d  at the  e n d  o f  H e r b s t  therapy.  T h e  5.7 

m m  m o l a r  c o r r e c t i o n  was a c c o m p l i s h e d  by 3.1 m m  

apical  base  c h a n g e ,  1.3 m m  distal m o v e m e n t  o f  the  

maxi l l a ry  molars ,  a n d  1.3 m m  mesia l  m o v e m e n t  o f  the  

m a n d i b u l a r  m o l a r s  (Fig 1A). Over je t  c o r r e c t i o n  also 

was largely a resu l t  o f  apical  base  c h a n g e  in c o m b i n a -  

t ion  wi th  1.1 m m  mesia l  m o v e m e n t  o f  the  lower  

incisors .  D u r i n g  the  s e c o n d  p h a s e  o f  t r e a t m e n t ,  the  

sagittal m o l a r  r e l a t i o n s h i p  r e b o u n d e d  by an  average  

o f  1.9 m m  (Fig 1B), l ead ing  to a r e d u c e d  Class I I  

c o r r e c t i o n  by the  e n d  o f  total  t r e a t m e n t  (3.8 ram;  Fig 

1 C). T h e  resul ts  were  d u e  to s igni f icant  oppos i t e  t o o t h  

m o v e m e n t s  fo r  the  u p p e r  a n d  lower  m o l a r s  (1.4 m m  

a n d  0.4 ram,  respect ively) .  T h e  u p p e r  a n d  lower  

inc isors  were  r e t r a c t e d  0.9 ram.  At the  e n d  o f  two- 

p h a s e  t r e a t m e n t ,  t he r e fo re ,  the  Class II  m o l a r  cor rec-  

t ion was a resu l t  o f  the  apical  base  c h a n g e  a n d  mesial  
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T a b l e  7. C o m p a r i s o n  o f  Overal l  C h a n g e ,  I n c l u d i n g  Phase  I a n d  Phase  II  T r e a t m e n t  (T1 - T3) 

Herbst Group (N = 40) Control Data (N = 40) 

Measure Mean S.D. Mean S.D. Significance 

Sagittal Skeletal Measures 
M/M difference 4,8 1.8 3.2 1.5 *** 
ANB (°) -1 .7  1.1 -0 .3  0.2 *** 

Maxillary Skeletal Measures 
Co-Pt A 1.8 2.1 2.4 1.0 * 
Co-ANS 2.2 2.3 2.7 1.0 ns 
Pt A-Nasion Perp - 1.0 1.0 - - - 
SNA (°) -0 .6  1.0 0.5 0.3 *** 

Mandibular Skeletal Measures 
Co-Gn 6.6 3.0 5.6 2.3 ** 
Ar-Gn 6.3 2.9 5.3 2.3 ** 
Pog-Nasion Perp 1.3 2.5 - - - 
SNB (°) 1.1 1.0 0.8 0.4 ns 

Vertical Skeletal Measures 
N-Me 6.5 3.5 5.2 2.9 ** 
N-ANS 2.3 1.5 1.6 0.9 *** 
ANS-Me 3.7 2.4 3.6 2.2 ns 
S-Go 5.9 2.4 4.6 1.9 *** 
Co-Go 4.7 1.9 4.0 1.4 ** 
SN-Palatal plane (°) 0.1 0.8 - 0.1 0.2 ns 
SN-Occlusal plane (°) 0.4 2.7 -0 .6  0.8 * 
SN-Mand plane (°) -0 .8  1.7 -0 .8  0.9 ns 
FMA (°) -0 .6  1.7 - - - 
Facial axis (o) 0.2 1.5 0.4 0.7 ns 

Maxillary Dentition 
U6 horizontal 1.0 1.5 - - - 
U1 horizontal - 0 .4  2.4 - - - 
U1-Pt A Perp - 1.2 1.9 - - - 
U6-PP 1.4 1.3 2.2 1.0 *** 
U1-PP 1.0 1.8 1.1 0.5 ns 

Mandibular Dentition 
IMPA (o) 2.3 3.9 -0 .7  0.8 *** 
L6 horizontal 0.7 1.3 0.1 0.4 ** 
L1 horizontal 0.4 1.8 - 1.0 0.6 *** 
L1 to A-Pog 2.1 1.2 0.1 0.5 *** 
L6 vertical 3.1 1.4 2.1 1,0 *** 
L1 vertical 1.6 1.5 1.9 1.4 ns 

N O T E .  - = not  available; ns = not  significant. 
* P <  .05. 
**P<  .01. 
***P < .001. 

t oo th  m o v e m e n t s  o f  the  lower  mola r s ,  w h e r e a s  over je t  

c o r r e c t i o n  was d u e  to the  apical  base  c h a n g e  a n d  

r e t r ac t ion  o f  the  u p p e r  inc isors  (Fig 1C). 

Discussion 

This  re t rospec t ive  clinical s tudy c o m p a r e d  a s a m p l e  o f  

40 pat ients ,  der ived  f r o m  an  or ig ina l  s a m p l e  o f  135 

consecu t ive ly - t r ea t ed  p a t i e n t s  u n d e r g o i n g  H e r b s t  

therapy,  to p o p u l a t i o n  n o r m s  der ived  f r o m  u n t r e a t e d  

individuals  o f  m i x e d  m a l o c c l u s i o n  type. Because  

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

a n d  c h a n g e s  d u e  to t r e a t m e n t ,  the  n o r m a l  g r o w t h  

p r oce s s  tha t  c o n t r i b u t e s  to the  c o r r e c t i o n  m u s t  be 

f ac to red  o u t  to evaluate  the  effects o f  app l iances .  In  

genera l ,  the  p a t t e r n  o f  g r o w t h  tha t  a c c o m p a n i e s  the  

d e v e l o p m e n t  o f  Class II  m a l o c c l u s i o n  o f t en  may  be  

relatively short- l ivedfl  ° Subsequent ly ,  t he r e  a p p e a r s  to 

be  little obvious  d i f fe rence  b e t w e e n  Class II  individu-  

als a n d  the  ge ne r a l  p o p u l a t i o n  in t e r m s  o f  the  g r o w t h  

tha t  can be  e x p e c t e d  d u r i n g  a p e r i o d  o f  o b s e r v a t i o n  

o r  t r e a t m e n t .  24-~7 Desp i te  the  fact  tha t  the  t r e a t m e n t  

g r o u p  o f  this s tudy h a d  l a rge r  maxi l lae  a n d  m o r e  

p r o t r u s i v e  lower  den t i t i ons  at  the  t ime  o f  initial 

r eco rds ,  t he r e  is little r e a s o n  to e x p e c t  tha t  subse-  

q u e n t  g r o w t h  will differ  f r o m  the  c h a n g e s  given by the  
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A. Herbst Phase 
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Figure 1. Skeletal and dentoalveolar t reatment  
changes along the mean functional occlusal plane 
(MFOP) by phases: (A) Herbst Phase, (B) Edgewise 
phase, (C) Total treatment. 

UMGS Standards. is Therefore, normative values de- 
rived from the Michigan Growth Study were used to 
provide a baseline against which the effects of the 
appliances could be assessed. 

Max i l l omand ibu l a r  Rela t ionsh ip  
n- 

A t  the end of Herbst therapy, the significant decrease ,~ 
in the ANB angle was accomplished both by a signifi- D 
cant reduction in the SNA angle and a significant 
increase in the SNB angle. In contrast, the significant < 
increase in the maxillomandibular differential was ~, 
accomplished primarily by a significant increase in 
mandibular length. The changes observed in the ,,< 
treatment group were in agreement with the Herbst 0 
results published by Pancherz, B,4,13 Valant and Sin- 
clair,11 McNamara et al, 6 and Windmiller. 7 

During the fixed appliance treatment, the basal jaw 
relationship continued to improve in both groups. 
The improvement, however, was larger in the control 
group. Mandibular growth exceeded maxillary growth 
by 1.8 mm in control group and by 1.1 mm in the 
Herbst group. 

Mandibular Effects 

During the Herbst phase, mandibular length, repre- 
sented by Co-Gn, increased significantly more than 
that inferred from the Michigan Standards. Relative to 
control data, a 2.2 mm increase over a 12-month 
period was observed. This observation could be inter- 

preted as a stimulation of growth in the condyle. This 
finding is in agreement with those of several authors, B- 
7,10,11,19,21,22,28,29 all of whom have suggested that func- 

tional appliances are capable of inducing additional 
mandibular growth. The greater increase in mandibu- 
lar length, however, contradicts the findings of other 
investigators who have failed to document significant 
differences between functional appliance treatment 
and controls, s{~~2 

The increase in mandibular length during func- 
tional appliance treatment can be interpreted in two 
ways. The first possibility is that the increase may 
indicate a true stimulation of the growth of the 
condyle. An increase in both the rate and amount of 
condylar growth might take place during functional 
appliance treatment, followed by a normal growth rate 
thereafter, leading to a mandible that is larger than it 
would have been without treatment. ~3 Secondly, the 
increase could be a transient phenomenon.  The 
increased growth rate during functional appliance 
treatment would be followed by a subnormal growth 
rate, resulting in no permanent  increase in the final 
length of the mandible (Fig 2). 

In the present study, the mandible increased 4.7 
mm during an average 12-month interval during the 
first phase. This rate, however, was not maintained 
during the second phase. Instead, it dropped to an 
average of 1.9 mm over a 17-month period. This 
finding may be interpreted as a deceleration in the 
rate of increase in mandibular length during the 

L growth curve for 
true stimu[ation " , ~  ~ .  

1 0 0  , ~ _ . . . . . .  

90 

temporary acceleration 

without treatment 

functional 
appliance 
treatment 

I I 8 0 1  I I 
10 20 30 40 50 60 

AGE 

Figure 2. An illustration of true stimulation and 
temporary stimulation of mandibular growth. True 
stimulation indicates that growth occurs at a faster-than- 
expected rate during functional appliance therapy, 
then continues at the expected rate thereafter, so that 
the ultimate size of the mandible is larger. Temporary 
acceleration means that faster growth occurs during 
functional therapy, but slower growth thereafter ulti- 
mately brings the mandible back to the size that would 
be expected without treatment. (Modified and re- 
printed with permission from Proffit WR, Fields HW 
Jr. Contemporary Orthodontics (2nd ed). St Louis, 
MO, Mosby-Year Book, Inc, 1993. 33) 
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edgewise phase. This f inding agrees with Pancherz,  1~ 
Wieslander  5 and Pancherz  and Faekel, 34 who showed a 
reduct ion  in the mandibular  growth rate after Herbst  
appliances were removed.  

Fur thermore ,  Pancherz  13 and Wieslander  5 have 
repor ted  that an accelerat ion of  mandibula r  growth 
dur ing Herbst  therapy is followed by a re turn  to a 
normal  growth rate dur ing the per iod  after t reatment .  
By the end of  the 10 to 12 mon th  follow-up period,  
mandibular  length was significantly longer  in compari-  
son with the controls. In the present  study, mean  
mandibular  length (Co-Gn) in the control  group 
increased an average of  3.1 m m  dur ing the second 
t rea tment  period,  whereas in the Herbst  patients the 
measure increased by 1.9 mm.  Significantly less growth 
was noted  ( P <  .001) in the t rea tment  group.  The  
same t rend was noted  for both female and male 
subgroups. Accordingly, the present  results do not  
suppor t  the findings of  Pancherz  1~ and Wieslander  5 
that mandibular  growth cont inues to the same extent  
in the treated group as in the control  group dur ing  
the per iod  after Herbst  t reatment.  

When  the changes dur ing the second per iod  were 
added to the changes dur ing the first period,  there 
was great  individual variation. The  overall increase in 
mandibular  length was significantly different  between 
the t rea tment  group and control  data for the whole 
group and the male subgroup; however, it was no t  
significantly different  between the t rea tment  group 
and control  data in the female subgroup. The  possible 
reason for this difference between these two sub- 
groups could be due  to the fact that females already 
had comple ted  most of  their  mandibular  growth by 
the conclusion of  Phase II. Given that tile T3 films 
were taken at age 14.8 years for females, one  might  
assume that at the end  of  the edgewise t rea tment  the 
female individuals in the Herbst  sample were close to 
or  at the end  of  their  growth. 35,36 It also should be 
r e m e m b e r e d  that the UMGS cephalograms were gath- 
e red  in the 1950s and 1960s, a t ime dur ing which the 
onset  of  menarche  may have been  delayed in compari-  
son with adolescents today. ~7 

The present  data suppor t  the studies of  Pancherz  
and Li t tmann 3s and Wieslander, ~5 who found no 
significant increase in the mandibular  length after 
growth was completed.  These results do no t  corrobo-  
rate the findings of  Petrovic et aP 9 on young male rats 
or  the long-term study of  McNamara  and Bryan 4° on 
Macaca mulatta, who conc luded  that, when exper imen-  
tal mandibular  prot rus ion was p e r f o r m e d  th roughou t  
the growth period, the final length of  the mandib le  
could be increased. Therefore ,  the present  study 
shows that, in a clinical situation, an accelerat ion of  
mandibular  growth dur ing funct ional  appliance treat- 
merit  was followed by a growth rate lesser than normal ,  
resulting in a l imited increase in mandibula r  length in 
males and no p e r m a n e n t  increase in the final length  
of  the mandible  for the female. 

Effects on  the Vertical Dimens ion  

The  acrylic-splint Herbst  has occlusal coverage and 
thus is thought  to be bet ter  than the banded  type in 
terms of  vertical control.  The  occlusal coverage pre- 
sumably inhibits dental  erupt ion,  helps control  the 
vertical d imens ion  and thereby allows the growth of  
the mandible  to express itself more  horizontally than 
vertically. In the present  study, total anter ior  facial 
he ight  (N-Me) increased significantly (1.2 mm)  more  
than control  values, as did poster ior  facial he ight  
(S-Go; 1.3 ram). These findings explain the observa- 
tion that the mandibula r  plane angle did not  deviate 
significantly f rom the control  value. It seemed that the 
Herbst  appliances, e i ther  the banded  type or  the 
acrylic-splint type, has little effect on the mandibular  
plane.3,5-7Al,J5 

Interestingly, the present  study did not  demon-  
strate an increase in lower anter ior  facial he ight  
(ANS-Me) after ei ther  phase of  treatment.  This find- 
ing contradicts o ther  Herbst  studies in which the 
authors found  a significant increase in this dimen- 
sion. "~,4,6,7 In addition, the f inding that upper  anter ior  
facial he igh t  inc reased  significantly contradic ts  
Pancherz  3 and Wieslander, 5 who found  no difference 
between t rea tment  and control  groups. The present  
findings could be ascribed to the locat ion of  attach- 
men t  of  the piston and sleeve assemblies on the 
appliance.  This telescope system exer ted  a posterosu- 
per ior  force on the maxillary poster ior  region, result- 
ing in a clockwise rotat ion of  the palatal plane. The  
telescope mechan ism also might  cause the increase in 
occlusal plane angulation.  The  maxillary molars and 
mandibula r  incisors were prevented  f rom erupt ing  
because of  the proximity of  the piston and sleeve 
assembly. In contrast, more  vertical e rupt ion  was 
observed in the lower molar  region, p roduc ing  an 
increase in mandibula r  alveolar he ight  that was signifi- 
cantly more  than expected.  As a result  of  dental  
changes,  the angulat ion of  the occlusal plane in- 
creased. This observat ion is consistent with the find- 
ings of  Harvold  41 who showed that the t ransformation 
f rom a Class II occlusion to a normal  molar  occlusion 
was intimately related to an increase in lower facial 
he ight  that resulted f rom an increased vertical develop- 
men t  of  alveolar he ight  in the region of  the lower 
molars. Harvold  and Vargervik 3~ conc luded  that man- 
dibular teeth are encouraged  to e rup t  vertically and 
mesially, while the maxillary molars are prevented 
f rom vertical e rup t ion  and are even moved posteri- 
orly, t ransforming the Class II molar  relat ionship into 
a Class I molar  relationship. 

Anteroposterior Effects  
in the Dentoalveolar  Region 

Force exer ted  f rom the telescope mechanism induced 
distal tooth  movements  in the maxillary buccal seg- 
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m e n t s  a n d  mesial  too th  m o v e m e n t  in  the  mand ib le .  In 
con t ras t  to act ivator  therapy, which  has  b e e n  shown to 
p r o d u c e  a s ignif icant  a m o u n t  of  maxi l lary  retrac- 
tion,4245 this study showed essentially" n o  t r e a t m e n t  
effect o n  maxi l lary  incisor  posi t ion d u r i n g  Phase  I 
t r ea tmen t .  This  obse rva t ion  pe rhaps  derives f rom the  
fact tha t  the  acrylic sp l in t  d id  no t  cover  the  maxi l lary 
incisors. Cons ide rab le  f lar ing of  m a n d i b u l a r  incisors 
with func t iona l  the rapy  a n d  with the  Herbs t  app l iance  
was n o t e d  in mos t  of  the  studies. This  study showed 
5.1 ° of  incisor  f lar ing d u r i n g  an  average 12-month  
t r e a t m e n t  per iod .  

After  the  H e r b s t  app l i ance  was removed ,  the  den ta l  
changes  r e b o u n d e d  to a cons iderab le  extent .  T h e  
u p p e r  molars  moved  anter ior ly  a n d  the  lower t ee th  
m o v e d  posteriorly. Even t h o u g h  r e b o u n d  was ob- 
se rved  d u r i n g  the  Phase  II, the  den toa lveo la r  effects of  
the  H e r b s t  app l iance  seem to be  m a i n t a i n e d  at the  
e n d  of  two-phase t r ea tmen t ,  bu t  to a lesser extent ,  ie, 
m o r e  anter ior ly  pos i t i oned  m a n d i b u l a r  t ee th  ( - 1 . 5  
m m ) ,  a n d  m o r e  p roc l i ned  lower incisors (3.0°). 

Class II Correction 

An average mo la r  co r r ec t i on  of  5.7 m m  a n d  overjet  
co r rec t ion  of  4.5 n u n  were ach ieved  d u r i n g  H e r b s t  
the rapy  (Table 8 a n d  Fig 1A). Similar Class II m o l a r  
a n d  overjet  co r rec t ions  have b e e n  r e p o r t e d  for  o t h e r  
H e r b s t  samples.  P a n c h e r z  a n d  H a n s e n  46 r epor t ed ,  o n  
average, a mo la r  co r r ec t i on  of  6.3 m m  a n d  an  overjet  
co r rec t ion  of  6.9 mm.  Windmi l l e r  7 r e p o r t e d  5.4 m m  
mola r  co r rec t ion  a n d  5.3 m m  overjet  cor rec t ion .  T h e  
grea te r  overjet  co r r ec t i on  seen in P a n c h e r z  a n d  Hans-  

en ' s  study could  be  d u e  to the  fact t ha t  the  u p p e r  
incisors were i n c o r p o r a t e d  wi th in  the  appl iance  in  
mos t  of  the  t rea ted  subjects,  whereas  in the  p resen t  
study the  acrylic spl in t  d id  n o t  cover  these  teeth.  

It  a p p e a r e d  tha t  Class II co r rec t ion  came f rom a 
c o m b i n a t i o n  of  factors, i nc lud ing  skeletal  changes ,  
distal m o v e m e n t  of  the  maxi l lary  t ee th  a n d  mesial  
m o v e m e n t  of  the  m a n d i b u l a r  teeth.  In  particular,  
m a n d i b u l a r  skeletal  changes  d o m i n a t e d .  In the  pre- 
sen t  study, 55% of  the  total  mo la r  co r r ec t i on  was due  
to apical  base change .  This  f ind ing  was la rger  t han  
Panche rz ' s  d e t e r m i n a t i o n  of  35% in b a n d e d  Herbs t  
t r ea tmen t .  Similar skeletal  c h a n g e  with the  acrylic 
H e r b s t  app l iance  was r e p o r t e d  by Windmil ler .  7 Apical  

base c h a n g e  is, by def in i t ion ,  the  c h a n g e  in the  
m a x i l l o m a n d i b u l a r  re la t ionsh ip  obse rved  at the  level 
of  the  func t iona l  occlusal p lane .  This  c h a n g e  may be  a 
re f lec t ion  of  growth or  t r e a t m e n t  effects or  both .  
F u r t h e r m o r e ,  apical  base  c h a n g e  would be  expec ted  
to be  a func t i on  of  d i f ferent ia l  j aw growth a n d  treat- 
m e n t  t ime  un t i l  growth is comple ted .  1°,2°,47 It  mus t  be  

e m p h a s i z e d  tha t  the  skeletal  c h a n g e  is n o t  l inear  over 
time. T h e  average t r e a t m e n t  du ra t i on  in Panche rz  
a n d  H a n s e n ' s  study a6 was 6 mo n t h s ,  whereas  it was 12 
m o n t h s  in  b o t h  Windmi l l e r ' s  7 a n d  the  p re sen t  study. 
T h e  d i f fe rence  in t r e a t m e n t  t ime may acco u n t  for  the  
obse rva t ion  tha t  skeletal  changes  c o n t r i b u t e d  m o r e  to 
the  Class II co r r ec t i on  in  acrylic Herbs t  studies. 

M a n d i b u l a r  length ,  as m e a s u r e d  by Co-Gn, in- 
c reased 2.2 m m  m o r e  t h a n  cont ro ls  d u r i n g  the  Herbs t  
phase  (Table 5). To es t imate  how m u c h  of  this ex t ra  
growth con t r ibu tes  to Class II cor rec t ion ,  this change  

T a b l e  8. T r e a t m e n t  C h a n g e  M o n g  the  Mean  Func t iona l  Occlusal  P lane  by Phases: Skeletal 
a n d  Den ta l  C o m p o n e n t s  of  Molar  a n d  Over je t  Cor r ec t i on  

Herbst Phase (N = 40) Fixed Phase (N = 40) Two Phases (N : 40) 

Measure Mean S.D. Mean S.D. Mean S.D. 

Time (months) 12.2 

Skeletal Measures 
Maxilla - 1.0 
Mandible 4.1 
ABCH 3.1 

Dentoalveolar Measures 
Upper molar to maxilla 

Tipping 1.0 
Bodily 0.3 
Total 1.3 

Lower molar to mandible 
Tipping 0.9 
Bodily 0.4 
Total 1.3 

Upper incisor to maxilla 0.3 
Lower incisor to mandible 1.1 

Total Correction 
Molar (6/6) 5.7 
Incisor (1/1) 4.5 

4.0 17.3 5.8 29.5 7.9 

0.9 -0 .7  1.1 -1 .7  1.5 
2.0 0.6 2.1 4.7 2.69 
1.6 -0.1 1.7 3.0 2.02 

1.2 -1.1 1.4 -0.1 1.3 
1.0 -0 .3  1.3 -0.1 1.4 
1.1 -1 .4  1.2 -0 .2  1.2 

1.1 -1 .5  1.1 -0 .6  1.1 
1.1 1.2 1.0 1.6 1.1 
0.9 -0 .4  0.8 1.0 1.1 
1.8 0.9 1.5 1.1 2.0 
1.3 -0 .9  1.5 0.2 2.0 

2.2 -1 .9  1.8 3.8 1.4 
2.0 -0.1 1.3 4.3 1.9 
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was p ro jec ted  on  the  m e a n  func t iona l  occlusal plane.  
An  average angle  of  37.4 ° was f o u n d  be tween  Co-Gn 
l ine and  the  m e a n  func t iona l  occlusal p lane .  The  2.2 
m m  of ext ra  growth was mul t ip l ied  by the  cosine of  
37.4 °. Based on  this calculat ion,  1.9 m m  of  extra  
m a n d i b u l a r  growth ( ref lec ted as add i t iona l  apical  
base change)  was seen  at the  m e a n  func t iona l  occlusal 
p l ane  d u r i n g  the  Herbs t  phase  of  t r ea tmen t .  

At  the  e n d  of  edgewise t r ea tmen t ,  the  m o l a r  
co r rec t ion  averaged 3.8 mm.  T he  relapse of  correc-  
t ion was due  pr imari ly  to the  m o v e m e n t  of  maxi l lary 
molars  a n d  m a n d i b u l a r  den t i t i on  d u r i n g  fixed appli-  
ance  therapy  (Fig 1B, Table 8). These  f indings  are in 
a g r e e m e n t  with those  of  P a n c h e r z  a n d  Hansen ,  46 who  
f o u n d  tha t  re lapse of  the  sagittal mo la r  r e la t ionsh ip  
was a lmost  exclusively a resul t  of  too th  m o v e m e n t  
d u r i n g  the  follow-up pe r iod  of  12 mon ths .  After  29 
m o n t h s  of  t r ea tmen t ,  skeletal changes  a n d  mesial  
too th  m o v e m e n t  of  m a n d i b u l a r  molars  c o n t r i b u t e d  to 
mo la r  cor rec t ion .  T he  overjet  co r r ec t i on  was the  
resul t  of  skeletal  changes  a n d  distal too th  m o v e m e n t  
of  u p p e r  incisors. I t  was f o u n d  tha t  apical  basal  c h a n g e  
c o n t r i b u t e d  to 80% of  mo la r  co r rec t ion  a n d  70% of  
overjet  cor rec t ion ,  with the  m a n d i b u l a r  c o m p o n e n t  
domina t ing .  

Summary and Conclusions 
The  pu rpose  of  this study was to evaluate the  skeletal  
a n d  den ta l  changes  tha t  occur  d u r i n g  two-phase 
t rea tment :  a n  acrylic-splint Herbs t  followed by a pread-  
j u s t ed  edgewise appl iance.  T h e  au thors  e x a m i n e d  40 
subjects (20 females,  20 males)  who  b e g a n  H e r b s t  
therapy  at an  average age of  12.5 + 0.8 years for  
females,  a n d  13.6 _+ 1.2 years for  males. Descriptive 
cepha lome t r i c  data  were c o m p a r e d  with no rma t ive  
values derived f rom the  University of  Michigan Elemen-  
ta W and  Secondary  School  Growth  Study. Normat ive  
values were g e n e r a t e d  for  each  o f  the  40 individuals  
based  on  gender ,  ini t ial  age, and  d u r a t i o n  of  treat- 
ment .  T h e  fol lowing conclus ions  can  be  reached :  

1. An  acce le ra t ion  of  m a n d i b u l a r  growth  d u r i n g  
H e r b s t  the rapy  was fol lowed by a r e d u c e d  rate  of  
m a n d i b u l a r  growth d u r i n g  the  edgewise phase.  
The  overall  increase  in m a n d i b u l a r  l eng th  was 
significantly g rea te r  t h a n  con t ro l  da ta  for  b o t h  the  
whole  g roup  a n d  for the  male  subgroup ;  however, 
i t  was no t  significantly g rea te r  in the  female  sub- 
group.  

2. T h e r e  was n o  s ignif icant  t r e a t m e n t  effect o n  lower 
an t e r io r  facial h e i g h t  a n d  o n  the  m a n d i b u l a r  p l ane  
angle,  e i t he r  at  the  e n d  of  H e r b s t  the rapy  or  at  the  
e n d  of  two-phase t r ea tment .  

3. Class II co r rec t ion  ach ieved  by the  H e r b s t  appli-  
ance  was mainly  due  to m a n d i b u l a r  growth,  distal 
m o v e m e n t  of  the  maxi l lary molars ,  a n d  mesial  
m o v e m e n t  of  the  m a n d i b u l a r  molars  a n d  incisors. 

4. Signif icant  r e b o u n d  was seen  d u r i n g  the  edgewise 
phase.  At  the  e n d  of  two-phase t r ea tmen t ,  the  Class 
II mo la r  co r rec t ion  h a d  b e e n  accompl i shed  by 
m a n d i b u l a r  skeletal  change ,  as well as mesial  move- 
m e n t  of  the  m a n d i b u l a r  molars,  whereas  the  over- 
j e t  co r r ec t i on  was due  to m a n d i b u l a r  growth a n d  
re t rac t ion  of  the  maxi l lary incisors. 

5. Skeletal  changes  c o n t r i b u t e d  to 55% of  the  mola r  
co r rec t ion  d u r i n g  the  H e r b s t  therapy, whereas  at  
the  e n d  of  two-phase t r e a t m e n t  it a c c o u n t e d  for  
80%. 

T h e  p re sen t  results suggest  tha t  the  acrylic Herbs t  
app l iance  may have a m o d e s t  s t inmla tory  effect o n  
m a n d i b u l a r  growth tha t  d imin i shes  with t ime  and  
does n o t  significantly affect the  vertical growth of  the  
face. A n t e r o p o s t e r i o r  den toa lveo la r  r e b o u n d  d u r i n g  
the  edgewise phase  is significant.  
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