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Amount and Direction of Temporomandibular Joint Growth

Changesin Herbst Treatment: A Cephalometric
Long-Term Investigation

Hans Pancherz, DDS, Odont Dr, FCDSHK (Hon)?; Svenja Fischer, DDS, Dr med dent®

Abstract: The amount and direction of condylar growth, glenoid fossa displacement, and *‘ effective”
temporomandibular joint (TMJ) changes (a summation of condylar growth, glenoid fossa displacement,
and condylar position changes within the fossa) were analyzed in 35 Class Il, Division 1 malocclusions
(23 boys and 12 girls) treated with the Herbst appliance. Lateral head films in habitual occlusion and with
the mouth wide open from before (T1) and after 7.5 months of Herbst treatment (T2) as well as 7.5 months
(T3) and three years (T4) after treatment were evaluated. As a control group, a sample of 12 untreated
male Class Il, Division 1 malocclusions was used during a 7.5-month time period corresponding to the
treatment period (T2-T1) of the Herbst cases. The results revealed that during the treatment period (T2-
T1) condylar growth was directed posteriorly about twice the amount as in the control subjects, and the
fossa was displaced in an anterior inferior direction. The effective TMJ changes showed a pattern similar
to condylar growth but were more pronounced. During the first posttreatment period (T3-T2), all TMJ
changes reverted. The glenoid fossa was displaced backward; the amount of condylar growth and effective
TMJ changes was reduced, and the changes were more superiorly directed. During the second posttreatment
period (T4-T3), al TMJ changes were considered physiological. Conclusion: During Herbst treatment, the
amount and direction of TMJ changes (condylar growth, fossa displacement, and effective TMJ changes)

were only temporarily affected favorably by Herbst treatment. (Angle Orthod 2003;73:493-501.)
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INTRODUCTION

In a number of publications*3, the efficiency of the
Herbst appliance* in the treatment of Class Il malocclu-
sions has been verified. Enhancement of mandibular
growth**52° can, to a great extent, explain the treatment
success. Three adaptive processes in the temporomandibu-
lar joint (TMJ) are thought to be responsible for the in-
crease in mandibular prognathism during treatment: (1) in-
creased condylar growth due to condylar remodeling, (2)
anterior glenoid fossa displacement due to fossa remodel-
ing, and (3) anterior positioning of the condyle within the
fossa.

In previous Herbst studies, the three TMJ adaptive
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mechanisms have been analyzed as single factors by the
use of profile cephalometric roentgenograms,*516.18.2% or-
thopantomograms,??> computerized tomography scans,®
bone scintigraphs,>* and magnetic resonance images
(MRI).*20 Although condylar and glenoid fossa remod-
eling were assessed by visual inspection of the roentgen-
ograms and MRIs, the condylar-fossa rel ationship chang-
es were analyzed metrically on both lateral head films
and MRIs. In three recent Herbst studies,**2°25 the sum-
mation effect of the three TMJ adaptive mechanisms
(condylar remodeling, glenoid fossa remodeling, and
condylar-fossa relationship changes) was assessed met-
rically using lateral head films.

However, no Herbst investigation that quantitatively
analyzes the different TMJ adaptive processes separately
exists. Therefore, the aim of the present cephalometric
roentgenographic long-term study in patients treated with
the Herbst appliance was to analyze the amount and di-
rection of condylar growth and glenoid fossa displace-
ment as single components as well as the combination
effect of the three TMJ adaptive components (condylar
growth, fossa displacement, and condylar-fossa relation-
ship changes).
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MATERIALS AND METHODS
Herbst group

The original patient material consisted of 118 consecu-
tive Class |1, Division 1 malocclusion subjects treated with
the Herbst appliance. The Herbst therapy resulted in Class
| or overcorrected Class | dental arch relationships in all
118 cases. From this sample, 35 subjects (23 boys and 12
girls) who had complete records available at the following
times of examination were selected: before Herbst treatment
(T1), after 7.5 months (5-12 months) of Herbst treatment
when the appliance was removed (T2), 7.5 months (6-12
months) after treatment when the occlusion had settled*”
(T3), and at follow-up three years (2—4 years) after treat-
ment (T4). No active treatment after Herbst therapy was
performed in any of the subjects. Retention after T2 was
performed for 1-2 years in 18 subjects using an activator
or maxillary plate/mandibular canine to canine retainer. No
retention appliances were used in the remaining 17 subjects.
The retention/no-retention decision was based on the sta-
bility of the occlusion (cuspa interdigitation) at T2. The
average age a T1 for the male subjects was 13.2 years
(11.5-16.0 years) and that for the female subjects was 12.4
years (11.4-13.9 years). The selected 35 subjects were con-
sidered to be representative of the original sample of 118
cases and were not subject to selection bias.

Lateral head films in habitual occlusion and with the
mouth wide open (to make the condylar head visible) were
evaluated for al subjects at al examination times.

Control group

A sample of 12 untreated male Class |1, Division 1 mal-
occlusions were used as controls.* All these subjects had
lateral head films both in habitual occlusion and with the
mouth wide open at two occasions corresponding to T1 and
T2 of the Herbst group. The average age of the control
group a T1 was 11.8 years (9.8-13.9 years), and the av-
erage observation period (T1-T2) was 7.5 months.

All lateral head films were traced and evaluated by one
person (Dr Fischer). Linear measurements were performed
with a ruler to the nearest 0.5 mm. The linear roentgeno-
graphic enlargement of 7% was not corrected. To reduce
the method error in defining the different measuring points
and reference structures, al roentgenograms in a series
from each patient were traced and evaluated simultaneous-

ly.

Head film superimposition technique

The habitual occlusion head films in a series (T2, T3,
and T4) were superimposed on the T1 film. Anterior cranial
base and mandibular superimpositions were performed us-
ing the method of Bjork and Skieller,? with stable bone
structures used for orientation. The condylar head was iden-
tified on the mouth-open radiograph and transferred to the
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mouth-closed head film after mandibular superimposition
of the films.

Reference grid

A reference line (RL)/reference line perpendicular (RLp)
reference grid was defined on the T1 head film and then
transferred to the other head filmsin a series (T2, T3, and
T4) after superimposition of the head films on the stable
bone structures of the anterior cranial base.?® The treatment
and growth changes of the measuring points (see below)
were related to the RL/RLp reference grid. The sagittal (X)
and vertical (Y) coordinates of the measuring points were
assessed on al films (T1 to T4). The RL and RLp lines
were defined as follows:

* RL: a line that connects the incisal edge of the most
prominent mandibular central incisor and the distobuccal
cusp tip of the first permanent mandibular molar. The line
corresponds to the X-axis of the grid.

* RLp: aline perpendicular to RL through the midpoint of
the sellatursica. The line corresponds to the Y-axis of the
grid.

Measuring points

Co (anatomic condylar point): the most superior-poste-
rior point of the condylar head in relation to the RL/RLp
reference grid. This point was individually defined on each
head film in a series (T1 to T4).

Co-A (arbitrary condylar point): an arbitrary point in the
area of the condylar head.?” The point was defined on the
T1 head film and transferred to the other head films in a
series (T2, T3, and T4) after superimposition of the films
on the stable bone structures of the cranial base.?

Measured variables

Condylar growth. For its assessment, the radiographs (T1
to T4) were superimposed on the stable bone structures of
the mandible.® The change of the Co point in relation to
its T1 position represents the condylar growth (Figure 1).

Glenoid fossa displacement. For its assessment, the
method of Buschang and Santos-Pinto*® was used. The ra-
diographs (T1 to T4) were superimposed on the stable bone
structures of cranial base?® The change of the Co point in
relation to its T1 position represents the fossa displacement
(Figure 2). The validity of the method is dependent on an
unchanged condyle-fossa relationship at all times of regis-
tration (T1 to T4).

‘“Effective” TMJ changes. For their assessment, the
method of Creekmore?” was used. The Co-A point marked
on the T1 radiograph was transferred to the other radio-
graphs (T2, T3, and T4) after superimposition of the films
on the stable bone structures of the cranial base.?® There-
after, the radiographs T2, T3, and T4 were superimposed
on the T1 film using the stable bone structures of the man-
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FIGURE 1. Method for the assessment of condylar growth (Co). (A)
Mandibular base superimposition. (B) Measurement of condylar
growth (Co point changes) in relation to the RL/RLp reference grid.

Head film 1
— = Head film 2

FIGURE 2. Method for the assessment of glenoid fossa displace-
ment (Co). (A) Cranial base superimposition. (B) Measurement of
fossa displacement (Co point changes) in relation to the RL/RLp
reference grid.

dible.?® The change of the Co-A point in relation to its T1
position represents the effective TMJ changes*” (Figure 3)
that are the sum of (1) condylar growth, (2) glenoid fossa
displacement, and (3) condylar displacement in the fossa.

Statistical methods

The mean and standard deviation (SD) were calculated
for each variable. Despite the relatively small sample size,
the different variables were considered normally distributed
(coincidence of the median and mean values). Therefore,
Student’s t-test for paired samples was used to assess the
significance of changes during different examination peri-
ods. Student’s t-test for unpaired samples was used to assess
the significance of the differences between the Herbst and
the control groups and between the male-female groups.
The significance levels used were P < .001, P < .01, and
P < .05. A P = .05 value was considered not significant
(ns). All calculations were performed with Microsoft Excel
software.
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FIGURE 3. Method for the assessment of effective TMJ changes.
(A) Arbitrary point Co-A in the area of condylar head marked on head
film 1 and then transferred to head film 2 after cranial base super-
imposition of the head films. (B) Mandibular base superimposition.
(C) Measurement of effective TMJ changes (Co-A point changes) in
relation to the RL/RLp reference grid.

Method error

The size of the combined method error (ME) in locating
the reference points, superimposing the radiographs, and
measuring the position of the variables in relation to the
RL/RLp grid at the different times of examination was as-
sessed in 20 randomly selected Herbst cases on double reg-
istrations. The formula of Dahlberg® was used in the cal-
culations: ME = V (2d?)/2n where d is the difference be-
tween two registrations of a pair and n is the number of
double registrations. The results of the method error cal-
culations are shown in Table 1.

RESULTS

No differences existed between the 18 retention and 17
no-retention cases at any time of examination. Therefore,
the two groups were pooled in the presentation of the re-
sults.

Condylar growth (Figure 4; Tables 2 through 5)

Condylar growth was expressed as a positional change
of the Co point using a mandibular base superimposition
of the head films.

Treatment period (T2-T1) changes. For the total Herbst
sample (boys and girls), condylar growth was directed pos-
teriorly (mean = 1.8 mm; P < .001) and superiorly (mean
= 2.9 mm; P < .001). The condylar growth in the male
sample was larger than that in the female sample. This was
true for both posterior (mean = 1.0 mm; P < .001) and
superior (mean = 0.5 mm; P < .001) growth directions. In
comparison with the male control group, the growth chang-
es in the male Herbst group were significantly (P < .001)
larger. The group differences were more pronounced for
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TABLE 1. Assessment of the Combined Method Error in Locating the Measuring Points, Superimposing the Head Films, and Measuring the
Changes of the Variables in Relation to the Before Treatment (T1) Findings. Double Registrations in 20 Herbst Subjects at T2 (after treatment),

T3 (7.5 Months After Treatment), and T4 (Three Years After Treatment)?

Time of Registration

Variable (mm) T2 T3 T4
Anatomic condyle position—sagittal [MB] Co/RLp 0.47 0.67 0.55
Anatomic condyle position—vertical [MB] Co/RL 0.38 1.22 0.49
Fossa position—sagittal [CB] Co/RLp 0.36 0.47 0.41
Fossa position—vertical [CB] Co/RL 0.45 0.47 0.39
Arbitrary condyle position—sagittal [MB] Co-A/RLp 0.56 0.32 0.45
Arbitrary condyle position—uvertical [MB] Co-A/RL 0.41 0.51 0.43

2 [CB] indicates cranial base superimposition; [MB] = mandibular base superimposition.
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FIGURE 4. Average condylar growth (Co point changes) in 23 male
and 12 female Herbst subjects and 12 male control subjects. T1,
before Herbst treatment; T2, after 7.5 months of Herbst treatment;
T3, 7.5 months after treatment; T4, three years after treatment.

sagittal (mean = 1.0 mm) than for vertical (mean = 0.5
mm) condylar growth.

Posttreatment period (T3-T2 and T4-T3) changes. For
the total Herbst sample (boys and girls), condylar growth
during the posttreatment periods (T3-T2 and T4-T3) was
more vertically oriented than during the treatment period
(T2-T1). During the first posttreatment period (T3-T2), the
amount of growth was reduced in relation to that during
the treatment period. Female subjects exhibited less post-
treatment growth than did male subjects (Figure 2).

Glenoid fossa displacement (Figure 5; Tables 2
through 5)

Fossa displacement was assessed as a positional change
of the Co point using a cranial base superimposition of the
head films.

Treatment period (T2-T1) changes. For the total Herbst
sample (boys and girls), the fossa was displaced anteriorly
(mean = 0.4 mm; P < .001) and inferiorly (mean = 0.9
mm; P < .001) during treatment. Inferior fossa displace-
ment in the male sample was larger (mean = 1.2 mm; P
< .001) than that in the female sample. In the male control
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group, the fossa was displaced insignificantly in a posterior
and superior direction.

Posttreatment period (T3-T2 and T4-T3) changes. For
the total Herbst sample (boys and girls), the fossa was sig-
nificantly (P < .001) displaced posteriorly during the two
posttreatment periods. Insignificant vertical changes oc-
curred. During the first posttreatment period (T3-T2), the
male subjects exhibited larger (mean = 0.6 mm; P < .01)
sagittal changes than did female subjects. During the sec-
ond posttreatment period (T4-T3), the female subjects ex-
hibited larger (mean = 0.4 mm; P < .05) sagittal changes
than did male subjects.

Effective TMJ changes (Figure 6; Tables 2
through 5)

As an expression of the sum of (1) condylar growth, (2)
glenoid fossa displacement, and (3) condylar displacement
in the fossa, the position change of the Co-A point was
assessed using a mandibular base superimposition of the
head films.

Treatment (T2-T1) and posttreatment (T3-T2 and T4-T3)
period changes. For the total Herbst sample (boys and girls)
as well as for the boys and girls separately, the pattern of
effective TMJ changes during treatment and after treatment
was similar to that of condylar growth. However, in relation
to condylar growth, the effective TMJ changes were larger
(mainly in male subjects) and more vertically directed. The
latter was especially true during the two posttreatment pe-
riods (T3-T2 and T4-T3).

DISCUSSION

This study aimed at assessing the long-term effects of
continuous (24 hours/day) mandibular protrusion during a
fixed time period (7.5 months) on TMJ growth. This was
done using the Herbst appliance,** which is fixed to the
teeth and therefore the cooperation of the patient is not
necessary for its correct functioning, making it advanta-
geous for research purposes. Furthermore, the subject ma-
terial was sufficiently large (n = 35) for statistical analyses.
All cases had the same type of malocclusion (Class Il, Di-
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TABLE 2. Changes of the Cephalometric Variables in 35 Herbst Subjects (23 boys and 12 girls) During Different Examination Periods: T2-
T1 (Treatment Period), T3-T2 (First Posttreatment Period), T4-T3 (Second Posttreatment Period), and T4-T1 (Total Observation Period)?

T2-T1 T3-T2 T4-T3 T4-T1
Mean Signifi- Mean Signifi-  Mean Signifi- Mean  Signifi-
Variable (mm) Group (d) cance® (d) cance (d) cance (d) cance
m +2.2 el +0.9 el +2.3 ok +5.4 el
f +1.2 bl +0.5 ki +0.6 * +2.3 ok
Condylar growth—sagittal [MB] Co/RLp m-+f +1.8 Fkk +0.8 Fkk +1.7 rkk +4.3 Fkk
m +3.1 bl +2.5 ok +5.7 ok +11.3 ok
f +2.6 el +0.9 ke +2.5 ok +0.6 bl
Condylar growth—uvertical [MB] Co/RL m+f +2.9 el +1.9 el +4.6 ok +9.4 el
m -0.4 el +1.2 bl +0.8 ok +1.6 bl
f -0.3 o +0.6 el +0.7 ok +1.0 el
Fossa displacement—sagittal [CB] Co/RLp m-+f -0.4 bl +1.0 rkk +0.8 rxx +1.4 Fxx
m -1.3 rkk +0.0 ns -0.1 ns -1.4 rkk
f -0.1 ns -0.1 ns +0.3 Fokk +0.1 ns
Fossa displacement—vertical [CB] Co/RL m-+f -0.9 Fkk +0.0 ns +0.1 ns -0.8 Fkk
m +2.7 ok -0.2 ok +1.4 ok +3.9 ok
f +1.5 el +0.0 ns -0.1 ns +1.4 bl
Effective TMJ changes—sagittal [MB] Co-A/RLp m+f +2.2 el -0.1 el +0.9 ok +3.0 el
Effective TMJ changes—vertical [MB] Co-A/RL m +4.5 Fkk +2.2 Fkk +5.6 rkk +12.3 Fkk
f +2.8 el +1.0 el +2.0 ok +5.8 el
m+f +3.9 ok +1.9 ok +4.3 ok +10.1 ok

2 [MB] indicates mandibular base superimposition; [CB] = cranial base superimposition; plus (+) = posterior/superior condylar growth, fossa
displacement, or effective TMJ change; minus (=) = anterior/inferior condylar growth, fossa displacement, or effective TMJ change.

bxx p < .001; * P < .01, ns P = .05.

TABLE 3. Comparison of 35 Herbst Subjects (23 boys and 12 girls) During Different Examination Periods: T2-T1 (Treatment Period), T3-T2
(First Posttreatment Period), T4-T3 (Second Posttreatment Period), and T4-T1 (Total Observation Period)?

m-f
T2-T1 T3-T2 T4-T3 T4-T1

Signifi- Signifi- Signifi- Signifi-

Variable (mm) Mean (d) cance® Mean (d) cance Mean (d) cance Mean (d) cance
Condylar growth—sagittal [MB] Co/RLp 1.0 (a) ok 0.4 (a) ns 1.7 (a) el 3.1(a) ok
Condylar growth—uvertical [MB] Co/RL 0.5 (a) ik 1.6 (a) ok 3.2 (a) ok 5.3 (a) rik
Fossa displacement—sagittal [CB] Co/RLp 0.1 (a) ns 0.6 (a) ki 0.1 (a) ns 0.6 (a) *
Fossa displacement—uvertical [CB] Co/RL 1.2 (a) ok 0.1 (b) ns 0.4 (b) * 1.5 (a) ok
Effective TMJ changes—sagittal [MB] Co/A-RLp 1.2 (a) i 0.2 () ns 15 (a) Fkk 2.5 (a) Fkk
Effective TMJ changes—vertical [MB] Co-A/RL 1.7 (a) rkk 1.2 (a) rkk 3.6 (a) Fkk 6.5 (a) wkk

a [MB] indicates mandibular base superimposition; [CB] = cranial base superimposition; (a) = larger changes in male subjects; (b) = larger

changes in female subjects.
b P < 001; ** P < .01;* P < .05 ns P=.05.

vision 1) and were treated by the same person (Dr Panch-
erz). Finally, a control group of untreated Class |1, Division
1 malocclusions was available for the treatment period (T2-
T1) evauation.

In interpreting the present findings, it must be remem-
bered that anteriorly directed glenoid fossa displacement
changes and posteriorly directed condylar growth and ef-
fective TMJ changes are favorable in the treatment of Class
Il malocclusions. These changes contribute to increasing
mandibular forward positioning. Posteriorly directed fossa
changes and anteriorly directed condylar growth and effec-
tive TMJ changes are, on the other hand, unfavorable.

These changes contribute to decreasing mandibular forward
positioning. Vertica TMJ changes (affecting mandibular
growth rotation) only indirectly contribute to the outcome
of Class Il treatments.?> In a later report, the influence of
the separate TMJ changes on mandibular growth rotation
as well as on the position of the chin will be considered.
Methodologically, the largest problem was the analysis
of glenoid fossa displacement. The prerequisite for the va-
lidity of the method of Buschang and Santos-Pinto® is an
unchanged condyle-fossa relationship at al times of ex-
amination. If a change in condyle position (not ascertain-
able by roentgenographic cephalometry) occurs, this will

Angle Orthodontist, Vol 73, No 5, 2003
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TABLE 4. Changes of the Cephalometric Variables in 12 Untreated Boys (Control Subjects) During Examination Period T2-T1 (Corresponding

to the Treatment Period of the Herbst Subjects)?

T2-T1
Variable (mm) Mean (d) SD (d) Significance®
Condylar growth—sagittal [MB] Co/RLp +0.1 0.55 ns
Condylar growth—uvertical [MB] Co/RL +1.6 0.10 el
Fossa displacement—sagittal [CB] Co/RLp +0.2 0.48 ns
Fossa displacement—vertical [CB] Co/RL +0.1 0.40 ns
Effective TMJ changes—sagittal [MB] Co/A-RLp +0.2 0.03 el
Effective TMJ changes—vertical [MB] Co-A/RL +1.3 0.40 il

2 [MB] indicates mandibular base superimposition; [CB] = cranial base superimposition; plus (+) = posterior/superior condylar growth, fossa

displacement, or effective TMJ change.
b p < .001; ns P = .05.

TABLE 5. Changes of Cephalometric Variables During Examination Period T2-T1. Comparison of 35 Herbst (23 boys and 12 girls)?

T2-T1
Variable (mm) Mean (d) SD (d) Significance®

Condylar growth—sagittal [MB] Co/RLp H-C 2.1 (a) 0.47 Fkk
Condylar growth—uvertical [MB] Co/RL H-C 1.5 (a) 0.34 el
Fossa displacement—sagittal [CB] Co/RLp H-C 0.6 (a) 0.39 Fkk
Fossa displacement—vertical [CB] Co/RL H-C 1.4 (a) 0.55 Fkk
Effective TMJ changes—sagittal [MB] Co/A-RLp H-C 2.5 (a) 0.19 el
Effective TMJ changes—vertical [MB] Co-A/RL H-C 3.2 (a) 0.70 Fkk

2 [MB] indicates mandibular base superimposition; [CB] = cranial base superimposition; (a) = larger changes in Herbst subjects than in

control subjects.
® Level of significance: *** P < .001.
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FIGURE 5. Average glenoid fossa displacement (Co point changes)
in 23 male and 12 female Herbst subjects and 12 male control sub-
jects. T1, before Herbst treatment; T2, after 7.5 months of Herbst
treatment; T3, 7.5 months after treatment; T4, three years after treat-
ment.

misleadingly be appraised as fossa displacement. However,
Ruf and Pancherz,*® using MRIs of the TMJ, showed that
Herbst therapy had an unaffected average condyle-fossare-
lationship, ie, the condyle had the same centered position
before and after Herbst treatment. Furthermore, by the
method of lateral TMJ tomography, Hansen et al* proved
anormal centered position of the condyle in relation to the
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FIGURE 6. Average effective TMJ changes in 23 male and 12 fe-
male Herbst subjects and 12 male control subjects. T1, before

Herbst treatment; T2, after 7.5 months of Herbst treatment; T3, 7.5
months after treatment; T4, three years after treatment.

fossain Herbst patients who were followed up for 7.5 years
after treatment.

An anatomic condylar point was used for the analysis of
condylar growth. As the condylar head is difficult/impos-
sible to identify on the mouth-closed head films, mouth-
open head films were used as well to see the condyle and
then to transfer its contour to the mouth-closed films after
mandibular superimposition of the films. The point Ar (ar-
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ticulare)®* has been proposed as an aternative to an ana-
tomic condylar point.8323 However, the position of the Ar
point is affected by growth changes in the skull and is thus
not suitable for longitudinal growth studies.®*

To circumvent the problem of defining reliable measur-
ing points for the assessment of condyle and fossa changes
the effective TMJ changes”” were also evaluated. By the
use of an arbitrary condylar point (Co-A) and two tech-
niques of head film superimposition, it was possible to as-
sess the sum of condylar growth and fossa displacement
changes as well as the unknown factor of condylar posi-
tional change within the fossa.

Condylar growth

In the T2-T1 period of 7.5 months, an increased amount
of condylar growth occurred in a posterior-superior direc-
tion in the Herbst group.**2° In the untreated male control
group, on the other hand, condylar growth was predomi-
nantly vertically upward directed, and the amount of growth
was significantly smaller than in the male Herbst subjects.

In the first posttreatment period (T3-T2) of 7.5 months,
the condylar growth amount was reduced in relation to the
treatment period, and the growth direction became more
vertically upward (male subjects).*82* These changes could
be described as *‘recovery” after Herbst therapy.®

In the second posttreatment period (T4-T3), the more
vertically upward-directed condylar growth seen during the
T3-T2 period was maintained. The amount and direction of
the growth seemed to correspond to that of normal
growth.

Condylar growth changes during the different periods of
examination were larger in male subjects than in female
subjects. Again, this could be explained by the male-female
differences in growth potential. Thus, Herbst treatment tem-
porarily stimulates condylar growth and directs it posteri-
orly.

Glenoid fossa displacement

Physiologically the fossa is displaced in a posterior and
inferior direction during growth development.?®35 During
Herbst treatments of 7.5 months (T2-T1), the Co measuring
point, however, was displaced in an anterior and inferior
direction. This is most likely due to an anterior displace-
ment of the fossa as a reaction to the Herbst therapy. The
remodeling processes at the posterior fossa wall, histolog-
icaly seen in mandibular protrusion experiments in ani-
mals*-+2 and by MR imaging in Herbst patients,**2° confirm
this assumption. However, as mentioned before, the possi-
bility of a change in condylar position within the fossa
could misleadingly be appraised as a fossa displacement.

The female subjects, in comparison with the male sub-
jects, exhibited significantly less downward movement of
the Co point. As a gender-independent reaction in Co point
displacement during Herbst treatment would be expected,
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FIGURE 7. Average condylar growth and effective TMJ changes in
23 male Herbst subjects. T1, before Herbst treatment; T2, after 7.5

months of Herbst treatment; T3, 7.5 months after treatment; T4,
three years after treatment.

the female-male difference found indicates a fossa growth
displacement and not a condyle-fossa relationship change
because the growth potential in female subjects is less than
that in male subjects.*34

In the first (T3-T2) and second (T4-T3) posttreatment
periods, the Co point movement reverted to a posterior di-
rection. Again, the Co point changes were less in female
subjects than in male subjects. This was especially true dur-
ing the first posttreatment period (T3-T2). Also, in this
study, the male-female difference could be explained by the
relatively smaller growth potential in the female subjects.

When looking at the total observation period (T4-T1),
the Co point moved in a posterior and inferior direction,
corresponding to normal growth displacement of the fos-
Sa.28'35

It thus seems as if the Herbst appliance has only a tem-
porary effect on physiologic posterior glenoid fossa growth
displacement in the anterior direction.

Effective TMJ changes

As mentioned previously, the change in the Co-A point
reflects the sum of the three possible TMJ changes (con-
dylar growth, glenoid fossa displacement, and condylar po-
sition change within the fossa) occurring during and after
Herbst treatment. The pattern of effective TMJ changeswas
comparable with that of condylar growth. This was true for
both male and female subjects. However, during the treat-
ment period (T2-T1), the amount of effective TMJ changes
was larger than that of condylar growth, whereas their
growth directions were comparable (Figures 7 and 8). Fur-
thermore, during the first (T3-T2) and second (T4-T3) post-
treatment periods, the change in growth direction to a more
vertical pattern was more pronounced for the effective TMJ
changes (Figure 6) than for condylar growth (Figure 4). On
the other hand, with respect to the amount of posttreatment
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FIGURE 8. Average condylar growth and effective TMJ changes in
12 female Herbst subjects. T1, before Herbst treatment; T2, after
7.5 months of Herbst treatment; T3, 7.5 months after treatment; T4,
three years after treatment.

changes, comparable results were found for effective TMJ
changes and condylar growth.

The opposing glenoid fossa displacement changes during
and after Herbst therapy (Figure 5) can explain the differ-
ence in the amount and direction of changes when com-
paring the effective TMJ changes and the condylar growth
changes (Figures 7 and 8). Anterior fossa displacement
changes during Herbst treatment (T2-T1) are added to sag-
ittal condylar growth changes. Posterior fossa displacement
changes during the posttreatment periods (T3-T2 and T4-
T3) are subtracted from the sagittal condylar growth chang-
€sS.

Thus, the effective TMJ changes mainly reflect the
changes in condylar growth. However, fossa displacement
changes (and possible condyle-fossa relationship changes)
during and after Herbst treatment will affect the amount
and direction of the effective TMJ changes.

CONCLUSIONS

The amount and direction of TMJ changes (condylar
growth, glenoid fossa displacement, and effective TMJ
changes) were affected favorably, athough only temporar-
ily, in an anterior direction by Herbst treatment.
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