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Th* ainr of thin stuclv was to asseas to what extent adult Herbst treatrnent is an alierrrativs tc ortirog;nathic;
surgery' bV conrparirrg tl-re dentostretetal'treatmenl etfects in 46 adult Clase tt Division 1 subjects treateci witl'r
a combined orthcldontic-odhognathic surgery approach lmandibular sagittal spiit osteotomy withoui:
genioplasty) arrd 23 aduli Class ll Division 1 subjects treatecl with the Flerbst appiiance. Lateral lreadfilms in
irabitual occlusion trom before anrl after treairnent (muliibracl<et appiiance. treatment after surgery or Herbst
treatment) were analyzecl. Alt surglery and Herbst subjects were treatecl 

'successfully 
to Class I occlusal

relationships with normal overjet and overbite. ln the surgery group, the improvement in sagittal occlusion
was achieved by skeletal rnore than ciental changes; in the Herbst qroup, the crpposite was the Gase. Sl<eletal
and soft tissue facial profile convexity was reduced signiiicantly in both groups; but the amount of profile
convexiiy reduction was larger in the surgery group. Tlre success and predictability "of Herbst treatment for
occlusal correction was as high as for surgery. Thus, Herbst treatment can be considered an alternative to
orthognathic surgery in borderline adult skeletal Class ll malocclusions,. especially when a great facial
improvement is not the main treatment goal. (Am J Orthod Dentofacial Orthop 2004;126:140-52)

n adrili subiects.having slceietal Cirus lI malocclu- is eff'ective in correcting adult Cla*ss Il maiocciu-
sions with rnandibular deficiency, there rradition- sions.l-ti Tire Flerbst erppiiance can stimulate condylar
aliy are 2 possibie treatnrent oprions. The first gtrowth and remodei the glenoid fossa in chiidren and

option is camouflage orthodontics-extracting the adrrlts.l'l This stimulatory effect on. thi temporoman-
maxillary prenoolars to allorl rekusion of tbe maxillary dibular-joint (I.MJ) structures has:'been .also proven
.incisor$"to normalize ihe overjet and mask the under- histologically in adult Rhesus monkeys hi:ated with the

.lying skeletal probleni. The second option is ortlrog- Herbst appliiance.? Thus, the Herbst appliance mighr be'nathic 
surgery to reposition the mandible atrteriorly. an onhopedic tool for nondurgical, nonext-action treat-

ln the orth<.rdontic iiteraure, there is little disagree- mcnt in borderline Ciass II adults.
rnent aboul which treatment option to chriose for mikl Tire aim of this study vras to lrssess the extent of
and severe Ciass II adults. Mild Clzrss II probiems are Herbst treatrirent as an aiternative to ortirognathic
soived. i:), canroufiage. ortirotiontics and severe ones by surgery by comparing the"-dentoskeletai ancj facial
orthogRatiric surgery. Disagreenrent arises, lrowever, in treatment effects in Ciass.II adults treated either vrith
borcleriine cases" which might be'suirable to either ortirognathic surgery (manclibuiar sagittal spiit osteot-

the last few years have shown that the llerbst appliance 
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onry witiiout geniolrlastyi or tlre Fierbst appiiance.

aft.el surgerY artd afier Herbst ffeatn'lent'uvas per{ttrnred
r.'vith muitibrackef. appliances. A.r tlre end oi' treatment.
all surgery niiacl Fieri:st subiects 'hacj Ciass I occiusionl;
tryitfr normal r:rreriei ancl overiice.
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The m.ean pretrearrnent ages were 26 years (15.7-
47.6 years) tor the surgery sr"rbjects ancJ 21.9 'years
(L5.744.4 years) for the Herbst patienrs. Adulthood in
the Herbst subiects was defined by the pretreatn'lent
hand-wrist radiographic skeletal rnaturiry stages R-IJ (4
subjects) or R-.1 (.19 subjecrs) according to Fliigg ancl
Taranger.s At the encl o{'treailnent. all Herbst sutrjects
had reached the stage R-J. Altlrourgh no slceletal matur
rity data existed I'or the surgery subjects, ull were
considered to have linisl'recl their growth.

The 46.surgery subjects were treat.ed with mandib-
ular advancenrent with a retronrcllar sagittal split osteot-
orny without geniopiasty; 23 were treated at the Cr-
thognathic Surgery Clinic in Mairrro, Sweclen, with a
rnodification of the osteotomy according to Hunsuclce
and Eplter,lo ancl the other 23 were treatecl at the
Orthognathic Surgery Clinic in Minden, Germerny, with
a modification according to Obwegeserl I and Dal
Pont.'3 The Herbst patients were all treated at tire
Department of Orthodontics, University of Giessen,
Germany, with a carsted splint Herbst arppliance.13 Total
treatment times averaged L.7 years tor the surgery
subjects,ancl 1.8 years for: the Herbst subjects.

Lateral headfilms in habitual occiusion from before
treatment aurd after all treatment (after multibracket

.. appliance treatment after surgery and Herbst, respec-
tively) were anaiyzed. Tracings of the radiographs were
rnade, and iinear ancl anguiar measurements were taken
to. the nearest 0.5 rnrn and 0,5o, respectively. No
correction was .mad.e for iinear enlargement.(approxi-
mateiy \Vo in the rnedian plane). To reduce the methocl
error, all registrations of the 2 headfilms from each
subject were done in the same session. Furthermore, all
registrations were done twice with an intervil of at least
2 weeks between tl're registrations. In the final evalua-
lion, the mean value of the registrations was used.

ln the surgery subjects, A-point was transferred
from the first to the second radiograph after superim-
posing tire headfilms on the stabie structures of the
anterior cranial base.'o This pro-cedure was considered
valid because all subjects were nongrowing, the surgery
was iimited to the mandible, and no marked dental
changes were expected in the maxilla. In tire Herbst
subjects, ori the other hand, A-point wa.s,located on
each lateral headfilm, because dentai maxillary changes
influencing A-point are known to occur.

Cephalometric changes of sagittai and vertical jaw-
base relationship" incisor relationship, facial height,
facial profile convexity, and iip position were assessed
by using standard variables not described in detail. The
cephalometric landmarks are shown in Figure L

The sagittal-occiusal anaiysis (SO anaiysis) of
Pancirerzt5 was used. to analyze tire sagittal occlr,rsal
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changes during the observation period. For all re-
cordings on the pretreatment and posttreatnrent ra-
ciiographs, the occlusal l ine (OL) (ciefinect by the
incisal t ip of the most protruded maxil lary incisor
and the distobuccal cusp of t lre first permanent
maxil lary rnolar) and the gcclusal i ine perpendicular
(OLp) through sella l'roni tlre first hear.d{ilni were used
as tire reierence grid. Tlre grid was transferred from
the pretreatment to the posttreatrnent radiograrph
after superinrposing the radiographs on the stable
irone structures of the anterior cranial base.ra The SO
analysis conrprisecl the following l inear variables
(F ig  2 ) :

f . is/Ol-p minus iiiOlp : twerjet
2. Ms/OLp minus MilOLp : rnoiar relationship (pos-

itive value indicates distal relationship; negative
value indicates nonnal or mesial relationship)

3. A/OLp : position of tire maxillary jaw base
4. Pg/OLp = position of the mandibular jaw'ba^se
5. Is/OLp : position of the maxillary central incisor
6. Ii/OLp : position of the mandibula-r cenrral incisor
7. Ms/OLp, position of the maxillary pennanent first

molar
B. Mi/OLp : position of the mandibular permanent

first rnoiar

Changes in the different measuring points in relation to
OLp during treatment were calculated as after-minus-
before differences (D) in iandmuk position. Variabies
3 and 4 describe skeletal changes, and variables 1, 2,
and 5 through B represent a composite effect of skeletal
and dental changes. Variables for dental changes in the
maxilla and mandibie were obtained by the following
calcuiations (variables 9-12):

9: Is/OLp (D) minus'A/OLp (D) = changes in posi-
tion of the maxillary incisor

10. fi/Ol-p (D) rninus Pg/OLp (D) : changes in
position of the mandibuiar iridisor

11. Ms/OLp (D) minus A/OLp (D) : changes in the
positi.on of.the maxiliary permanent first moiar

12. MilOLp (D) minus Pg/OLp (D) : changes in the
position of the mandibular pefinanent first molar

.An important measure of success and predictabil-
ity for a certain treatment approach is the consistency,
of treatment clranges. This consistency'was caicu-
iated as the percentage of subiects exhibiting a
certain treatment cirange larger than or equal to 0.5o
or 0.5 mm, respectively.

Statistical methods

For tire different variabies, tire arithrnetic mean
(mean) anci tire staridard cleviation (SD) wele calcuiated.
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Fig t. Reference points and iines used in standard
cephalometric analysis.

Student I tests fcr unpairecl samples were perforrned to
assess possible ciiff'erences between the 2 surgicai ap-

. proacires " (Sweciish and Gennan samptres) as well as
between the surgery and Herbst gtroups. Student f tests for
paired sarnples were pertorrned to assess the significance
of treatment changes in the surgery and ltrerbst ggoups.
Tlre stati.stical significance was deterunined at the A.7Vo,
17o, irnd 5% ieveis of coniidence. A ievei iarger than SVo
was considered statisticaliy not significant.

Tire method error of tire double registrations (.trac-

ings and measurements from before ancl Cier treatment
roentgenograms) of atrl subjects was calculated iry using
the formuia of Dahibers:r6

t-Fi-;,  .  ' ' r ?
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where d is ti:e difference between 2 measurements of a
pair ancl n is the number of subjects. The maximum

. rnethod error for dentai changes v/as 1.0 rnm. For
skeletatr and sofi tissue changes, the method error^ ciid
not exceed 0"7 mnr for iinear variabJes. l.0o for anguial
variabies, and 1.2 f'or inde)'; var-iabies"

tsxts\fr [ t  I  t-"

Because of'the snraill number of men in the surgen (n
: [J)'ancl tire F{erosi (n : 4) gfoups as v,'e]i ertc the idenucai
reiative irequency (L1%) cf nr*n irr tire 2. grouns, se;<

Arne rican,l o urnaL o.{' O nhod rm.tir: s a rLtl. D ent of aciul. (} rtho petli cs

August 2004

Fig 2" OUOLp reference grid and measuring landmarks
usecl in cephalometric analysis of sagittal occlusal
changes (SO analysis).

differences were not considered. Thus, the male and
fernaies samples in each treatrnent group were pooled.

Eecause the comparison of the treatment effects of
the 2 rnodifications of tire retromoiar sagittal split
osteotorny (HunsuclcEpker ancl Obwegeser/Dal Pont)
showed no statistically significant clifterences, the 2
surgery samples were evaiuated as I group.

The cephalometric records of the sur.'gery and
Flerbst groups before and after treatrnent ale shown
in Tabies I and I[, With respecf- to the. cepiraiometric
standard variabies (Table I) from before treatrnent,
the surgery group compared with tire llerbst group
had a iarger Wits value (mean 2.2 mm; P < .01), a
iarger posterior facial treighi index (mean 5.5;
P < .001), a smaiier interjaw-base arngie (mean 5.5;
P < .01), and a iarger soft t issue prclf i ie convexity
inciuciing the nose (mean 4:9; P
respect to tire variabies of the SO analvsis (Table lI)
from hefore treatment, no statisticaiiy significant
cliffererrces between tire surgery and the Herbst
groups were fciund"

$tandard cephalcmetric treatmrent changies

Tire rreatmeni changes in the $urgery and Herbst
group:; are sirovrn in Table i l l . Tire ciranges in
sagittai rn:rxil lar"y position (SllA) were cornparabie
in i:otir grolrpsr Tire surger\/ groitp had greater
manoihuiar advancenrent (Sf ' IB.  mean 1.3".
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Table t. Cephalometric standard record.s (rnean, SD) before and after treatment in 46 adults treated with
or:thognathic_surgery (mandibular sagittal split osteotomy) followed by multibracket appliance and 23 adults
treilted wjth Herbst appliance followed by multibraclcet appiiance

Srrrgery Hcrhst

Be.fore. A.fier After

Yu.riahlc Meun SD

Bqfbre
--J--

Mcan. ,SD Mean:

Sagrttal iaw
relation

Vertical iaw
relation

Incisor relation

Facial height

Profiie convexity

Lip position

SNA (")

SNB ( " )

SNPg (")

ANB (")

ANPg ( " ) '

W i rs  (mm)

ML/NSL (")

NL/NSL (")

ML/NL (")

Overbite (mrn)

Spa-Gn x IOOAI-Gn (index)

Spp-Go' X 100/S-Go' (index)

NAPg (")

NS/Sn/PgS (")

NS/No/PgS (')

UL-EJine (mrn)

LL-E-line (mm)

81.4r  4 .01
75.37 3.39
77.08 3.75
6.04 2.75
4.33 3.46
4.72 3.01

30.08 7.'32
8.77 2.91

21.3 r 7.34
4.73 2.84

54.84 2.34
46.r]9 4.89

170.87 7.33
158.12 6.71
121.35 4.22
-2.55 2.84
-r.67 3.27

81. r2  3 .119
77.4() 3.41
78.68 3.80
3.62 2.73
?.44 3.19
0.61 3,36

33.41 7.86
8.39 3.57

25.02 7.78
2.16 0.94

56.11 2.58
44.88 5.64

175.32 6.-19
163.57 6.71
124.55 4"50
-s.05 2.87
-2.79 3.38

80.46 3.23
75.27 4..06
76.84 4.28
5. r B 1.69
3.(tZ 2.30
?.5-5 2.(Xt

34.1? t].61
7.29) 3.15

26.ti3 7.91
4.43 1.83

54.55 1.83
41.40 5.26

172-08 5.21
159.68 6.25
126.30 3.93
-:3.11. 2.28
- 1.64 3.28

80.57 3.27
76,09 4. t9
77.54 4.58
4.48 t.79
3.02 ?.4s
1.47 1.95

33.43 8.97
6.77 3.61

26.72 7-72
1.95 0.68

54.97 t:14
42.43 5.rB

173.17 5.42
162.82 6.79
127.?4 4.32
-4.37 ?.49
- 1.90 3.02

Tahle ll. SO analysis. Cephalometric records (mean, SD) before and alter treatment in 46 adult Class tr Division
1subjectstre-at.e-dwithqrthogrrathicsurgery(rrrandibularsagittalsp1itosteotomy)followedbymu1tibracket���
appliance and 23 adult Class II Division t subjects treated with Herbst appliance followed by multibracket
appliance

Surgery Herbst

Bgfore

Mean SD Mean

After Before After

Varitrhle (mm) Mean Mean ^tD

l. Overjet
is/Olp-li/OLp

2. Molar relation*
Ms/OLp-Mi/OLp

3. Maxillary. base
A/OLp

4. Mendibular base
Pg/0Lp

5. Maxillary incisor
is/OLp

6. Mandibular incisor
Ii/0Lp

7. h4uxiliary rnolar
MsiOl-p

B. N4andibular moiar
Mi/OLp

9.69

+'t.77*

78.89

77.67

88.36

78.66

56.37

54;60

2.68

1.97

4.80

5.54

5 . 1  I

5.41

5.95

3.38

78.89

81.72

86.99

83.61

57.06

64.29

1 .13

3.00

4.80

5.97

5.59

5.81

1 / l

6.6s

8.88

+ 1.53+

78.52

80.07

88.21

79.33

57.78

56.25

1.35

.3.99

4.94

4.47

5.36

4.70

5.32

?  t c

-2.58*

78.9i

81-35

85.42

83.29

s6.35

s8.92

0.61

0.98

5 . t  I

4.77

4.80

4.88

4.68

4.97

'lPlus (*) implies Class II molar reiationship; minus (-) implies Class I nrolar relationship.

P < .001; Sl , lPg, mean 0.9o
Quentil, greater decreases in
tionship angles (ANB, mean

P < .01) and conse-
sagittal jaur-base rela-
L . 7 " , P < . 0 0 1 ; S N P g ,

- - f  
\  !  v ' v  

t

Tire arnount of overbite reduction
the surgery and Flerbst subjects.

iarger reduction in the surgery than in tire Herbst
group (Wits mean, 3.0o, P < .001).

was comparabie
The mandibuiarrnean 1.3,o, p .-_ .001). Tire Wits appraisal showed a for
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T rt.ntmrtr l  t ' l tuntt. t  (  ul ' t tr-bc. l l tr t)

,5'rrr,qrrv I'l t'rln';l Surgtryt-l larb'tl

. J  L . l lVlutrr :;I}

Sagirul iaw
rcl i t t ion

Vertical .iaw
relation

lncisctr relnttott

Fncirl heiglit

Pro{iie convexity

Lip position

,s l ' lA ( ' )

i i l .JLi {" I
S N I ' g  ( " )

A l ' l l l  f  " )

u\ l ' i  lrg (")

Vy' i t i  ( rum)

ML-/NSL (")

NL / t ' lSL  ( " )

ML,/NL (")
( )vcrhi te (nrm)

fipl-Cn X 100/N-tin (index)

Spl-fiol x l0()/ti-Go' (index)

I ' {  APg'( ' )

l{l i/SnlPgS (")

l. lS/No/t'gS (")

UL-E-I ine (mtn)

LL-E-Iino (nrm)

-0.1(,)
n  l , t

I  .()U
- '2.r11
: I . l i t l
- 4 . 1  I

_ ) . - ) J

* u.3ti
?  ? l

*2;06

t .77
-  

- : . \ ,  l

4 .45
d  . 4 <
^ t . - l  . . ,

3.2(l
- 1  l ( )

l .  t  - ,

t.:J l
r . 3 1
l . 2 t )
I  . " ) . ' )

1.9( )
2.4li
r . 7 l
2.63

(1.92

7.51
1,.ti0
3.?,7
2.ff|
r .14
l , . J J

-  t , / :

l0"9l"l ' l

9 .25' f
-  1 2 . 7  t +

*t .5{) : l j

* lzl.{r4'l '
g . l : ' f

*  1 .47" .

9.541'
- 5.4:l+

9.1i6+
.  - -5 . ,43h

t0 .7 t t+
10.!)?+
8.12 ' t

-9.731'
-3.261'

0 . I  I
t  r - o i

0.70
-( ] .7( )
*0 .60
-  I .Oi i
-0.trq
-i l . ;r2
- ( i . l  i
-2.4ii

0.42
t . ( )3
1,01)
3 .  l 4
l.()4

-0.26

0.64
{J.7}i
().1:i5
0.1'l
(  ) . t i l
I .? { r
1 . 2 1
t . 45
1 . 5 e
t .q4
0.73
1.45
i.5l i
1 .79
1.97
1.07
l . l \ . ,

1 r .  i )  -

5 . ( )3 x

3.r)6'
*4 .3  J ' i '
- - - 1 . / i )

- 4 . l 2 ' '
-  ' . ( ) l  *

1  n a l l s*  l . / , r

- ( ) .33" '

* 6 . 1 4 *

1.75't '
3 . 4 1 1

3 . 3 1  i

8.3!J{
a  < A +

*5.{l.r'
I  t a n N-  
t ^ t , . 1

-( ) .4i)
i .:i0
( ).!)()

-  1 . 1 1
-  1 .2 t t
-  3 . t ) l

4.il ' l
{1 .14.
3.0( )
0.4f
0 .85

- 3.{)5
3 .3b
- . . 1  I

l -  l t i
- r . 2 3
*().86

I  t , { l l s-  t .  r l t

/  r . L4l .  J.-t

2.901
* 5.7( )'f
-"4.0-l l '

,  r r . l .- f ) .  /  - 1 '

7.()5'l '

0 .3:""

4.g l ' l '

0.6li"*

3.7 i )1 '
* i r . l ? t

5 . 1 ? ' l

2'9(rt

-3,t)(tt

-  1.62n*

ns inrplies P > .05 (rrot signii icant).
j ' impi ies P < .05.
t inrpl ies P <.01.
Tirnpl ies P --  .0()1.

piane angie showed opposite changes in the 2 treatrnent

groop*. In the surgery group' tire MLA{SL increased

(mean 3.3o. P < .001), whereas a decrease (nrean 0'7",

P < .05) was noted in the Herbst $oup. The interjaw-

base angle (ML/NL) increasecl in the surgery grotlp

(rneatr 3.7o. P < .001) and decreased in the Elerbst

group (mean 0.1o, not significant). The inclination ot

the inaxilia in reiation to the anterior cranial base

(NL/NSL) was unatfected by either surgery or Herbst

treatment.
Anterior facial height increased more in the surgery

group than in tire Herbst group (index mean 0'8. P <

.(}0i). simiiu-ro tire cirailges of the rnandibuiar piane

angle, tire posterior facial height showed opposite

chirnges in the 2 groups. A reclucticin in posterior facial

heigirt tocilc place in the surgery grclllp (index mean 2'0.

P < .001), wirereas an increlse was seen in tlre Fierbst

gr:oup (index l l-)ean 1'0: P ": .01)'

Tire amount of pnifiie convexity reciuction vrtL$

iarger in the surgery group tiran in the Herbrst group'

fhe largesf crclup difference (mean 3.4o) r,vas fourici f'or

sireietal profi le cclnvexitlr (lrJAPg, mean 
'3.4o, 

P < '001)

und. tire smallest for soft tissue pr:ofiie coiryexity inciud-

ing tire nose (l '{,S/No/PgS' nlean }-.2', P < .01)'

The po:ritiorrs of the' r-rpper and lorver lips becanre

mofe retrusrve rn both treatment groups. A statistically

significant group diflerence was f'ound oniy for the

upper lip (UL-E-line), which became more retrusive

(1.2 rnm, P < .01) in tire surgery groltp.

S0 analysis treatrnent changes

The treatment changes in the surgery and Herbst

gl.oups are shown in Table IV. The amounts of overjet

reduction (surgery, 6.3 rnrn; Herbst, 6-7 mm), Class II

molar correction (surgery, 5.0 mm; Flerbst, 4' l mm),

ancl mandibular moial mesiaiization (surgery, l'6 mm,

Herb.sl, 1.4 mm) were comparabie in tl-re 2 groups' The

surgery group iracl greater (mean 2.8 mm, P < '001)

manclibular advancement than the Herirst group. Itt

coprparisor-l with the surgery groLlp, the llerbst group

sir6wed greater 1rzuii}l1ry trase forward deveiopnrent

(nrean 0.4 mm; P .< .00I), rn&xil lary incisor Ietltrsion

(mean 1.8 mlrl, P

pralrusiott (mean LE mm; P < -(l l). Tire maxil lar5t

moiars moveii iri opposite direclions in tire 2 groups. A

pesial moveiTrent ol 'the maxil iary molari; was found in

the surgery group (n-rean 0.7 mm' t) <* .05). and a distai

ffrovement \\1as seen in the Fier:bst gror-rp (n-lean 1 'B mm"

P  <  . 0 0 1 ) .  i
The r:ei6.tionsirip between ciental aucl slteletai
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Table lv. So-Ana'lysis, Comparison of treatment chenges (mean. SD) in 46 adult Class Il Divisiorr 1 subjects
h'eated with orthognathic surgery (nrandibular sargittal split osteotomy) {bllowed by rnultibraclcet arppliance and 23
adult Class II Division I subjects treated with Herbst appliance {'ollowed by nir"rlt ibracket appliance

Trcu rment cluut.gc:s ( u.fter-b e{b re )

Srr,qcrj Hcrhst SurgenlHerhsl

Vuriublc (nzm) Mecut Meunsi).il)

l. C)verjet
is/oLp(D)-liloLp(D)

2. Mollr  rel i t t ion
Ms/oLp(D)-Mi/OLp(D)

3. Maxillary b*ie
A/OLp(D)

4. Mlndibulur base
Pg/OLp(D)

9. Maxil lary incisor
Is/OLp (D)-A/OLp (D)

10. Mandibulrr incisor
ii/oLp(D)-Pg/Olp(D)

I l .  Muil lary nrolnr
Ms/oLp(D)-A/OLp(D)

12. Mrndibulrr nrolnr
Mi/oLp(D)-Pg/olp(D)

*6.31

-s.oo

0

4.05

-  i . 36

'0.90

0.69

i.64

2.46 - 17.407

3. i3 - 10.84*

0 Ons

2.49 11.03*

2.21 4.17'�r

2"36 2.56r

I  O O  I  ? { r k

2.02 5.51+

-6.75

- 4 . 1 I

0.39

i"2B

n  t n* J . l  
/

2.69

-  1 .83

1.39

l .O-r

1.45

0.65

I .25

2 . 1 1

1.93

1 . 1 0

t . l 4

- 12.30'f

-  13.61*

2.89i

4 .9 t  +

-7.21+

6.67+

-7.95+

5.85'l

o.4 0.66"*

-0.89 , -  1.25n*

-0.39 *3.90{

2.77 4.86t

1.81 3.301

- i .79 -3.03'r

2.52 548*

0.2.5 0.51n'

n.r impiies P > 0.05 (not significant).
+irnplies P "-- 0.05.
rimplies P < 0.01.
rinrplies P < 0.001.

changes contributing to Class II correction in the
incisor and rnolar regions is shown in Figure 3. In the
Herbst group, the improvement in sagittal occlusion
was achieved by dental more than skeletal changes; in
the surgery group, the opposite was the case: The
amount of skeletal change's coutributing to overjet arrd
rnolar correction was iarger in the surgery (637o and
BOa/o, respectively) than in.the Herbst (I3Vo and 17Vo,

respectively) group

Individual changes

The individual changes for 8 of the 25 analyzed
cephalometric variables are givdn in Figure 4. All
variabies had substantial interindividual variation in
both the groups.

The maximurn arnounts of changes in individual
subjects of the 2 groups are given in Table V. The
largest amount of overiet reduction was in a Herbst
subject (12.2 rnm). For all other variables, the rnaxi-
rnum amount of individual changes was noted in the
surgery subjects. Even if the arnount of changes dif-
fered between the groups. the direction of changes was
the sanre, except for the mandibular plane angie and
posterior facial height.

The consistencl, of treatment reaction is given in
Table V. Overiet and overbite were reduced consis-

tently in both the surgery QSVa for both variables) and
the Herbst QAAVo and 96Vo, respectively) subiects;
l\OVo of the Herbst and 93Vo of the surgery subjects
had improved moiar relationships. Mandibular progna-
thism increased more consistently in the surgery (SNB
: 917o) than in the Herbst (SNB _ 74Vo) subjects.
Correspondingly, more patienls with an ANB recluction
were seen in the surgery than in the Herbst (987o and
T49o, respectiveiy) groups. The vefiical jau'-base rela-
tionship and flre anterior and posterjor facial heights
were more consistently affected.,.ly surgery (91Vo in-
crease, BTVI increase, and TBVo d.ecrease, respectively)
than by Herbst treatment (56Vn decrease, 52(% increase,
and 659c, increase. respectively). Skeietal profile con-
vexity and sotl tissue profiie convexity including and
exciuding the nose were reduced more consistently in
the surgery (97V0,96Vo, and 76Va, respectively) than in
the FI erbs t (7 }Vo, 9 6Vo . and 83 Vo, respecti vel y ) sr-r bj ecls.

The skeietofacial changes during treatment. are
shown far 2 surgeryr sub.iects (Figs 5 ancl 6) and 2
Herbst subjects (Figs 7 and B).

D!SCUSSrOt{

The subiects in this investigation can be considered
to be unselected.,The Swedisir and Germau sampies
included all Clasd II Division 1 subjects (except those

: r1:+f ,.rijr.::ill, j iij.::- :,.. t- -,.- "r
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Fig S. Mechanisrn of cverjet ancl molar correction in 46 Class ll Division 'i adults treated with

ofthr:gnathic surgery {manciibular sagittal split osteotomy)foliowed by rnultibracket appiiances and

2S Class ![ Sivision 1 adults treatecJ with Herbst appliances followed hy multibracket appiiances.

witir severe oilen bite) treat'*d during 10 years. Tire

Herbst rlample cornprisecl consecutive Ciass I]. Division

i aduits treated ra'ith tire Fierbst "rppliance at the

orthodcntic clepartrnent iri Giessen,
There vv'ils Ll cleai: overrspresentaticlu clf tt'zomen in

'hoth 
sarnpie:;. This l.grees witi: eariier stulciies of arlult

orllrtidnr-ltic a.ncl orthognathic; s urgery paLienri;. I 7-2 i -filp

rea$()n lcl tiris unequai se>i distrij:ution is unknowrL" but

it. might. be iissociatecl r,vrth v/otrer)'rl greater interest in

. irnproving tirei:: facial ancJ clental appeariurce.ll

Foi: th e pre'tre il tm eut cepha i omelri c: ilirarnetet'il' tht

sLlrger:i grouT] hlcl i sicnifirtitttif ilrrget: lrosierior taci;rl

ir*igirt at:cl a s;lallei" intr:rjtrt'i*oii:ie angie. Tiiui;, coir$iil

ering tlte .,rerLjcal .iav,,-lust* r eiationship. ther surgcri'

sarbjects irad slir,lirtl1' l:etter ilt'etre,lttnlsnt cq:nditionl; I oi'

Ciasri I] cone.:riur t irari did ti ie Herbst subtects.lr '2' i i l l '

firt i-rthel" lil:lnr! tirt vri rts rrrpl'll-isal anci tirc soi'i tiril;tt':
prcfi I e con -r,ex ii-rt i nc i r-i d i n g th e tros'-. \,vere :li gni ii canti "v

iiitrrs;.' in thr:, tilii:t*:i.ri iii ollri" Therei'r:rc. il'om tir* i;;t'Jlf"t.ili

discrepanclt point oi' vierv" tire surgery group haci

siightiy more $evers pretreatntent conditions.

Ali subiects iri both groups were treated success-

fully 16 a Class I ccclusal relatiqlnship, The amount of

overiet reducrion was greatest in the F{erbst subjects'

Tiris was true when ccrnpariuti groill:l {lvsrase$ and

lcloiting at the ma,tinturn irrdir.'idual overiei recluciiot-t"

Protiiit et" 'aj.zi stated that orttrodontic'ireatment was

likei'1t tcl faii {even in aclolescents wl'reri growth assists

Ciass; tr] correcticin) if thr. or.'erjet exceeds l0 mnr" Irt our

Ftrer'bst sarnpie-" itorarever. iarger over-iet reclucrions
(n:ra-xirnun: reduc'fion, iZ.2 rutn] were fourld. ,/tverage

overbite i'eciuctici, rlsr.r wal; iitrgel-il.; ti-lt: Hsrbst than in

thr: surge.r\/ grouJ:1. wirereas Clnsll nI n:olar t:on'ectiori

\r/as, {}n ilveri}ge" siiuhlii, trture t:rclnouncecl in tire

i ;ur l ' , i f \ r  gtouE.

Even l.li'.ruglh Ciaili; Ii correciion \iilllll very liuccessfiti

irr tlr.e trieri;st patienrs, tir* meciranilint trsi.rind it w;tl;

ciiff'erenr ft'r;t-tt thar irr tfrt 'oalients t;:eared rvilli ortirci.li*

rS"0 nrrn I8{t 9'r
{,1-$ r'nnr / }2 "tt,

5.0 rnm / J{} %
3.? mnr /78 %
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Anterior facial height

lndex

Profile Gonvexity excl. Nose
Surgery Herbst

opposite was the case. This finding agrees with previ-
ous studies comparing tire trearrnent effects of ortho-
dontics and orthog4athic surgery in adulm.17'2r

The most profound difference between the surgery

10-
q .

0

-5

-10

- t c

Normalisation 5.0 mm*Y
[-lerbst
Normaiisaticln 4.f mm'

$
r,;I
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$
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tr Before
!lAfter

ML/NSL

$urgery .Herbst
lncrease 3.J degrees *

Posterior facial

$urgery
Decrease 2i0 *

height

Herbst
Increase 1.0 *

deorees

Fig 4. lndividual treatment changes of overjeto overbite, molar relation, SNB angle, MIJNSL angle,
anterior facial height, posterior facial height, and profile convexity excluding nose in 46 Class ll
Division 1 adults treated with orlhognathic surgery (mandibular sagittal split osteotomy)followed by
multibracket appliances and 23 Class ll Division 1 adults treated with Herbst appliances followed by
multibracket appliances.

natiric surgery. Botli the standard cephaiometric records
and the SO anaiysis showed that the Class II malocclu-
sions in the Herbst subjects were corrected by dentai
nrore than skeletal changes; in the surgery subjects, the

increase 2.1 degrees

Herbst
Increase 0.4 *

Decrease 5.5 degrees * Decrease 3.1 degrees *
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Fig 5. A,, Pretreatment and E, posttreatment lateral

headfilms of 33-year-old fernale surgery subject {man-
dibular sagittal split osteotorny).

and the F{erbst subjects was the sreater manciihr-rlar base

advancement (SNB, SNPg, Fg/OLp), resulting in iarger

recluctions of tire ANB urgie, tire Wits appruisal, and

the skeletai apd so{'t tissue profile convexities in tlre'

surgery group. The greater upper lip retrusion in tire

surgerJv group was nost lil<ely ciue to the iarger lTtitn-

dibgiar-'nirsr,. lcivancenrent i i i  those subiects. i\s a result

of the marreiibuial' aclvanceruent. tire reference line

(estl ietic l ine) alrLornatically became lnore rnleriorlv

positiorred. thus r:esultirrg iri a lelative l ip retrLtsiou"

Otlrer nraricecl dif ier:ences iretween tire 2 trsatmenl

gl'oltp:i were tire direction irr changell ofthe mapdibr1iar

plane ;ngie lncl posterior faciai height. Althpggir.a

ioro.1 incrcase in poste.rior faciai heigirt tiritrr in anterior

Fig 6. A, Pretreatnrent and
headfilms of 22-Year-old male
ular sagittal sPlit osteotomY)'

B, posttreatment lateral
surgery subiect (mandib-

faciai height (resulting in a reduction in tire mandibr-rlar

piane erngle) was notecl in the Herbst group, the oppo-

site was tme in tlre surgery group. Becattse the pretleat-

ment rnaurciibuiar piane angle tlf the surgery group wils

nclrmal.s(' tlre irlcrease in the anqie flIust be consiclered

unfavorable in Ciass ll treatment' The urguiar increase

in the sursel-Jl subjects was most' probabllr duc' tc bone

renrocieling in the gonion alea. Tiris renrodeling hts

Lreen showri to continue io*g atter surg ary.2tt^=' Possibie

Cslsefi are &n iirnciecluate overiap L-retwee.n the 2 $onv

fr-agmelts 3t the lime o1'surgety.?oi'"" the pal'tial deracir-

ntent cl{' the eievntor muscles fi"om the gonion area

(operarion accoreiing r() obwegeser/Dal Por-rt oniy) and

their sulisequent reattacirment arrd arJaptatiott.zT tl"re
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FiE 7" A, Pretreatment and B, posttreatment lateral
lreadfilms of 19-year-old female Herbst subiect.

general postsurgical adaptive processes of all soft
ti$r;uer;, tenrlons, imc\ muscles that hrve been directiy or
indirectly af{tctecl 'Lry the surgical .in* clisplace-
ment,??'30'31 ancl the possible conclyieu resorption that
hus treen reportecl rather trequently in orthognatiric
surgeqr patients,lT'27 especially in tlrose with a pretreat-
nrent internal derangement of the TMJ.32

The clirection of maxillary nrolar movements dif-
ferecl between the 2 treatment groups. Although the
distal movement of the maxiliary nroliu in the Flerbst
group was to be expected frorn tl-re lreadgear effect of
tire appliance,33 the mesial movement of the maxillary
molars in tlre surgery group was unexpectecl because all
subjects were treated nonextraction. Even.if decreases.
in maxillary and mandibular arch lengths in aclulthood
occur;3a the amourrts of change in the surgery subjects
were lar:ger than tirose normally reporteci to occur over
1 decade. A possible explanation for tlre mesial move-
ment oi the maxill.ary molars is a transverse maxiliary
expansion most iilcely perfonned in mosl. of the patients
during the presurgical ortlrocioi:rtic phase. The space
gained by tlris expansion might have been reciprocaliy
ciosecl, leacling to the observecl retrusion of the muil-
lary incison; ( 1.4 mrn) ancl the mesial movement of the
rnaxillury nrolars (0.7 rnm)

The con.sistency in treatment reaction was larger for
the surgery group than for the Herbst group foi vari-
abies clirectly or inciirectly affectecl by.the amonnt of
rnandibuiar acivancement (SNB, ANB, skel.etal profile
convexity). On tlre other hanci, the rerluctio' i' soft
tissue profi'le convexity exch-rciing the nose was the
same (96To) in both groups, whereas, for the recluction
of the sofi ris;s;ue profi ie convexity inciuding tire nose,
the consistencv was larger in the Herbsi subiects.
Fufiirernrc,re. io, tire Ciass II c'nective variables (over-
Jsl' overbite. nraiar relationship), no marl<ed group
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Fig 8. A, Pretreatment and ts, posttreatment lateral
headfilms of 2O-year-old male Herbst subject.

differences were d.etected. Therefore, the predictability
of the tr:eatment outconre in Lernrs of consislency of
clrmges waso on average, comparable ior both grclups.
This agrees with the findings of Tulloch et al,:r-s who
concluded that the success rarte of overjet reducticln was
only slightly higher for orthodontic thzur fbr sr,rrgical
freatnren.t inespective of age and malocclusion severity.

Thus,.the question arrises which is ttre best treatment
rnodaiity for a borderiine Class II adul.t. Even when the
knowledge fiom this study is aclded to what is luown
frorn the iiterature,'there seems to be no single, con-
clusive answer to tlie question. Several factors must be
considered in the treatment decision process: (1) the
reason the patient is seeking treatment; (2) the effects
tirat can be provided by Flerbst tleatrnent iurd ortho-
gnathic surgery, respectively; and (3) the costs and
risks of the 2 treatlnent approaches.

There is agreement in the literature that the main
reasons for adr-rlts seeking treatment are dentai and
facial esthetics as well as stomatognathic or functional
improvement.3G3s Patients with severe skeletal Ciass Il
malocciusions are more motivated to undergo ortho.
dontic tlran surgical treatment.3s This is not surprising
because most people prefer the least invasive measLlre
to solve their problems. Interestingly, the type of
fieatment selected (surgery or orthodontics) depends
rnainly on tl're sub-iect's self-perception of his.or her
facial profiie and is not associated with the clegree of
dentoslieletal discrepan.cy. This means that the nrore
dissatisfied tlre patients are with tireir facial esthetics.
the more lihely they are to choose surgery..e'au FIow-
ever. after treatfftent, surgical and clrthodontic patients
were, equally satisfiecl rvith their profile changes.lT.?o

In our stud5r. iarger reductions in profile convexity
were found in tire ryrrgery/ group tiran in the Herirst
grolrp. In contrast. Strell and V{ooclsal found that.
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reg:rrcliess o1' wftetfrer Cllss II pilt iell ls were trealed

r,vith growtlr mOclif icnlion clr-rring tclolesccnce oI oI-

thggrr:.rthic siLlrgery cir-rripg lrlull.ir11gcl. l'acial estiretics

irnplrvecl to n sin'ri i lr exten[. Furtlternrore. thcr reduc*

rion in la.cial pr.i i ie: cr>nver.it.y ucli ievecl lry [-lcrbst

trcit l l l l .cIt secnll i r]ot to hc ase-clepetrtlcnL''

Even if, t lre Occlrrsiotl ci-rr. l be cttrlectetl vcry st-lc*

cessl'r-rlly lry acir-rlt FIerbst. treilf ll}cpt, chilr prtrjeciign tnd

tirr-rs {ircial elit.helics nrighL lre trtit be optirnll l1'ter

tl ieri lp5u. It, lrowcver, chin prornincnce is the rtit irt

i rpt f ler l  lgr  I l rc pir t icnl .  i t r lv l tncentenf ; lerr i< lp lasty oi-

I 'e[1l lt lr:ss col;ty.. lcss risltf i t l lcrnaLivel { 'o enhil l.tcc l ' l tci;"t l
'  

esthet.ici l t iran I m"rLrti i$uiitr si iuit.t,al siri i t l i l i tctt l.t lmy.'12'-l: '

Ever r tlrOr-tgh t;tg rn it tggtti-ttfri c: t lr- l'rt t tcli tltrl,tl i nrprovel*

nrf,nt iS the tit':ct.lntJ trtosl ii'eC1r-rcnt rcilf;Clll l'clr ltciults ltt

ssgii {.1erturent. tittie is i<nown airr;ut tlre changes in

masticil()ry i'uncl.icln aftel ortlroguitthic surgery- FOr

Cl.nss III pafients, scientific di.ita sirow n1r siglificant

improvemerit irr p'stciperative rnasticatory futicl ion-ilJ

For Class Ii patients, tltr tire otirer lrirnd" at leasl. tcl our

iint-rwleclge. il() such data exist.

Altirougir there is controversy about the effbct of

orthgglntiric surgery on TM.I functiol, recent dataas

seem to sLrpp6rt the view tiri'rt patients v'rith pr:eexisting

articglar clisc dis'placeprents ulciergoing mandibulal

acivancement, surgery are iil<eiy to irave a significant

worsening oF the TMJ dysfnnction problenr postsuf-

gery. No comparabie dain exist for ildult }ierbst treat-

rnent. H.owever. in a group of Herbst sLibjects that

inciuclecl B of the present adults, Tt\4J function was

founcl to improve during treatment'46

when iooi<ing at the costs of combirred orthodon-

tic-orthognathic surgery treatment , 60Vo-7 5Vo are due to

tle surgicirl pilrt.'t7-4" Tirerel'ore, a remaricable cost

recluction in aciult Ciass II treatrnent can be achieved

with tire Herbst appliance instead of orthognatiric sur-

gery.
The most comrnon surgical rislc of rnandibular

advancement is neurosensory ciisrurbances of the iower

lip th.rt afiect abcrut 507c cif the sr-rbjects.S0 Acidition-

aliv. nonunion or mal-union of the Lrtiny fritgrnents, bad

,piitr,t' a'cl conclylar resorptionlT'3? are lrecluent conr-

piicatiols" Even if neurosensoly disturblpcel; o{'the i ip

,r""u, atter geni.oplilsty alOne, the prevalence is signif-

icantly lower thap r,vith nanclilrular slgittal spiit or a

con'rbination of sagittal spiit anci gerricipiastr''s2

A nrain conrplicatior: in orthOdonticl; is root resotp-

tiol. Tire anrount t-ll r"oot rssolption has been for-rnd to

conelate 1vitir the rlllOulll ol' rlverjef reciuctiolr lnci

i lorizontal tooth movement.5s Furthermore. extensive

paiaral root rorque. wirich is likeil, to be appiied during

orthcldontic Ciass I] treatment, irei; beeu sirown to be iL

preclisposing factor for root resolption of the mandiL'-

A nte ric un'l o ttrnul, of' ( ) rt lw d rsnl it: s ttn d I) e nttlfucirtl O rt lwpedics
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ulai '  i t tcisors-sa Tirus, wiren compitr ing sl lrgery i tnd

tlentgl 'aciui oltht ipedics (Herbs{ rpJrl i :rnce), t l -re r isl ts

associated ' ,viLh sulrgery i l re ohvit lusly much greit ter '

Final ly, the fai iure 'ato oi j  sr.rrgici t l  Ciass I l  trertnrenl is

higircr t frarr thut l i l r  l  clentoi ' tcial t l r thopecl ic/ort lrorion-

t ic :  lppro: rch. r ' '  The lc l 'o re . '  t l re  inrpor t rn t  q t les t io l ]  in

t l .ei l t l lent pl lrrrni lru, ir ;  wlrefhcr thu srcatcr i t trprt lvet i lcnt

in l 'aci i t l  est irel- i f i ;  accOmpiislrecl by oi l l r t-rgnit t l i ic sur-

g,ery L:otltp:lrecl with clentol'acial OrLiropeciic$ witlr the

FIeri :sf.  appi iapce is; wtlr l i r  l i re increltsecl cclsts and r isl<-s

o1' t .he, surgiclr l  aPProirch-

f,cltvGN-[.isl0i{s

The Fierbr;l. ailpiiar]ce iir apgweti't-tl [Oql {i:r nonsur--

gical. nonextractiorr Lrentl lenl of atlLrlt ciass I.[ rnaloc-

cinsions" Tirus, tfte trent,rrent apnrgach can be copl;id-

erecl as Lul alternltive t0 orthogrratiric sllrgery in

irordcrline slceletal Class U sr-rbjectr"s. For class Il

correction, tire succes$ rill.e ancl prcclictability of l-lerbst

treirtnent is as high as fur orthognatiric surgery. If,

however, the patient's maln wisir is it greirt ly improved

facirl protiie. ortirognathic surgery is the better treat-

ment all,ern:rtive.

we thank tlie crthognathic surg,ery Department in

Maimo, sweden, and f)rs witschel irnd wrede in Ead

Oeynhaul;en, Germany, tor providing access to the

clinical records ancl the iateral headfrlms of the surgery

subjects.
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