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An evaluation of directional effects of
distal-tipping cervical traction applied
with a low outer bow in conjunction
with Edgewise therapy.

Application of the edgewise tech-
nique in conjunction with cervical
traction is an accepted procedure for
Class II correction.** The malocclu-
sion is successfully corrected in most
growing patients using this approach,
but the skeletal and profile results
may sometimes be unsatisfactory. One
adverse change that may occur is an
opening rotation of the mandible.5
Retardation of the forward develop-
ment of the midface, reflected by a
significant decrease in the S-N-A an-
gle,®%22 is often accompanied by sig-
nificant inhibition of forward move-
ment of the lower face as well.»7,1618
Asimultaneous tendency to posteriorro-
tation of the palatal plane,1-3.6:9,10,15,22
the occlusal plane'!* and the mandi-
ble#5:6.1718:22 may result in an un-
wanted increase in anterior facial
height.>2%1* Thus the growth of the
mandible cannot become fully effec-
tive in the horizontal development of
the face.s

Cross® has reported finding the man-
dibular response to Class II treatment
to be “clockwise in nature.” Any in-
hibition of the forward movement of
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pogonion®® is of considerable disad-
vantage in those Class II cases where
the profile as well as the occlusion is
in need of improvement. The adverse
treatment response described above
has also been attributed to mere band-
ing,® intermaxillary elastics,”!? tip-
back bends,’? flattening of the curve
of Spee®!? and to extrusion of upper
molars by cervical traction,!1?

The objective of this evaluation is
to relate the treatment response de-
scribed above, especially as reflected
in movement of pogonion, to thera-
peutic changes in the positions of
other facial structures by identifying
parameters which are directly influ-
enced by therapy and at the same time
have a strong influence on the move-
ment of the bony chin.

MATERIAL AND METHOD

Cephalometric changes in a group
of treated patients were compared
with a control sample (Table 1).

In all patients the casts and radio-
graphs displayed a Class II condition
before treatment and correction to a
Class I occlusal relationship. The
treatment sample contained no high
mandibular angles. In 4 of the 16 pa-
tients, four bicuspids had been ex-
tracted because of severe crowding.

No differences were found between
girls and boys or between extraction
and non-extraction cases in any of the
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cephalometric parameters tested (rank-
sum-test of each parameter). There-
fore the treatment sample, in spite of
its inhomogeneity, was analyzed as a
unit.

The malocclusions were corrected
using T'weed Edgewise technique aug-
mented by low cervical and intermax-
illary traction. During the first phase
of treatment, light class III elastics
were applied for a short period, fol-
lowed by class II elastics.

The outer arms of the facebow were
bent to pass slightly below the occlu-
sal plane, applying a posterior rotating
moment.

The randomized control sample
consisted of untreated children 9, 10
and 11 years of age. Of the 51 chil-
dren, 23 showed a Class I1I malocclu-
sion (mean A-N-B angle 4.1°, inter-
digitation of the first molars 4.5mm
distal) and 28 were Class I (mean
A-N-B angle 25°, interdigitation of
the first molars Class I).

No differences were found between
girls and boys or between Class I and
Class II subjects in the cephalometric
parameters tested. The age range was
between 10 and 13.7 years, with linear
differences converted to one-year in-
crements.

Frankfort Horizontal (FH) and a
vertical through the center of the con-
dyle (C) were selected as the refer-
ence base for recording longitudinal

TABLE 1
Sample Distribution
Agel Age Il Interval Treatment
N M F Extraction (Mean) (Mean) (Mean) Time
Treatment 16 6 10 4 8.05-13.08 11.54-16.62 1.24-4.04 1.0-8.7
(11.24) (13.66) (242) (2.0
Control 51 29 22 0 8.98-11.80 12.42-15.25 343-3.98
(10.04) (13.72) (3.68)

Vol. 53 No. 8 July, 1983



214

changes (Fig. 1). In order to test their
reproducibility, Frankfort horizontal
and the center of the condyle were de-
termined twice by two tracers after a
one-week interval, and all were within
0.5° or Imm.

In contrast to the other landmarks,
the lower first molars were localized
using a mandibular reference system
(Fig. 2). Changes in linear dimensions
were converted to a one-year time in-
terval; angles and angular differences
were used without transformation.

REsULTS

Comparing the treated and the con-
trol samples (Tables 2-4; Figs. 3-5), no
significant difference was found in the
annual condyle growth rate (C-Pg).
The treated group showed more verti-
cal displacement of pogonion (P <.01).

/]
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In contrast, no difference was found
in the average vertical descent of ANS,
PNS or the upper molars.

In the horizontal dimension, the
anterior movement of the upper mo-
lars was considerably less in the treat-
ment group (P<.001). ANS, PNS and
pogonion also displayed lower an-
terior displacements (P<.01). The an-
gle C-Pg/FH, opened an average of
1.2°, whereas a slight closing tendency
was found in the control sample (P
<.01). The palatal plane angle (ANS-
PNS/FH) showed no significant dif-
ference between groups. ’

No statistically significant difference
was found between treatment and
control samples in the mean intra-
maxillary movement of lower molars.
(Table 3, Fig. 4).

With reference to Frankfort hori-

|

Ne- N

or. §

Fig. 1

Reference system consisting of Frankfort Horizontal (FH) and a vertical

through the center of the condyle (C). Measured points are anterior nasal spine
(ANS), posterior nasal spine (PNS) and upper molar (MS).
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Fig. 2 Mandibular reference system consisting of the menton-gonion (Me-Go)
line and a vertical through pogonion (Pg). Measured point: Lower molar (MI).

Low Cervical

TABLE 2
Linear and angular changes

\/ Pg
Me
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Treatment Control Rank Sum Test
Mean  =+SD Mean +8D T, T, P
C—Pg (mm/year) 273 1.10 2.52 0.74 584 1694 .28 n.s
Vertical* (mm/yr)
0.93 0.87 0.81 042 589 1689 25 ns.
PNS 0.50 0.69 0.62 0.33 462 1816 A1 ns.
MS 1.73 0.84 1.53 0.49 603 1675 19 ns.
Pg 2.66 1.06 1.77 0.61 732 1546 .00 *e
Horizontal* (mm/yr)
ANS 097 1.20 1.52 0.64 353 1925 .00 "
PNS 023 0.82 0.66 0.54 371 1907 01 s
MS 0.12 2.02 1.73 0.62 286 1992 .00 il
Pg 1.15 142 1.78 0.98 383 1895 01 ol
Angles
CPg/FH. 1.23 1.64 0.00 1.54 7 1561 01 i
NL/FH 1.21 1.81 0.84 1.90 576 1702 .32 ns.

ANS: anterior nasal spine, PNS: posterior nasal spine, MS: upper molar, Pg: pogonion,
CPg/FH: Angulation of line C-Pg (center of the condyle—pogonion) to FH, NL/FH: angu-

lation.of ANS-PNS to FH.
* Measurements based on coordinate axes shown in Fig. 1.
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TABLE 3
Lower molar (MI) movement.
Treatment Control Rank Sum Test
* Diff. (mm/year) Mean +SD Mean +SD T, T, b
MI vert. 0.19 1.06 0.46 0.45 437 1841 .06 n.s,
MI horiz, 0.06 101 —0.18 041 630 1648 10 n.s.

* Measurements based on coordinate axes shown in Fig. 2.

TABLE 4
Growth directions of ANS, Pg and MS
Treatment Control Rank Sum Test
Angle to FH (degrees) Mean  +SD  Mean +8D T, T, p
ANS,;-ANS, 43.10 44.01 29.66 18.03 659 1619 05 *
Pg,-Pg. 67.13 22.18 46.69 21.33 742 1536 00 *
MS,-MS, 82.21 45.65 42.24 14.23 783 1495 .00 b

1mm/year

Fig. 3 ‘Horizontal and vertical movements of anterior nasal spine, upper molar
and pogonion. Short lines represent standard deviations, with small dots at mean
annual movement (note scale). Dashed lines show treatment sample, solid lines
control.
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Fig. 4 Lower molar movement in relation to the mandibular reference system.

Fig. 5 Directions of movements of anterior nasal spine, upper molar and
pogonion. Vertically striped area shows first standard deviation for the treat-
ment sample, horizontally striped area the first standard deviation for the
controls.
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zontal, the direction of movement of
ANS, upper molars and pogonion was
significantly more downward among
the treatment sample than in the con-
trols (Table 4, Fig. 5). The most
marked difference was in the direction
of upper molar movement, which av-
eraged 82.2° in the treatment sample
compared to 42.2° in the control
(P<.001). Movement of pogonion also
differed significantly (67.1° and 46.7°,
‘p<.01). Differences at ANS (43.1° and
29.7°) were not statistically significant.

With the exception of the change in
palatal plane inclination (ANS-PNS/
FH), all of the parameters tested dis-
played higher standard deviations in
the treatment sample.

Correlations of the parameters were
comparable in both groups (Table 5,
Figs. 6-11). The direction of upper
molar movement in relation to Frank-
fort was similarly correlated with the
directions of movement of pogonion
and ANS, change in the angle C-Pg/
FH and the anterior displacement of
pogonion.

Relating these parameters to the
horizontal movement of the upper
molars, correlation coefficients of com-
parable significance were found in pa-
tients and controls. For example, the
coefficient between the horizontal
movement of the upper molars and of
pogonion was 0.73 in the treatment
sample and 0.76 in the control sam-
ple.

In complete contrast, no relation
was found in either of the groups be-
tween the vertical movement of the
upper molars and the horizontal dis-
placement of pogonion.

As expected, a very close relation
between anterior displacement of po-
gonion and condyle growth rate was
recorded in both the treatment and
control group.

Teuscher

DiscussioN

Comparison of both samples re-
vealed that Class II correction using
Tweed Edgewise technique in con-
junction with low cervical traction
did not affect the average condyle
growth rate, eliminating this as a pos-
sible cause of adverse treatment re-
sponses. This is in agreement with
Oedegard,'s who supposed that “treat-
ment probably causes a change in-the
position of the mandible and not in
mandibular morphology.”

Increased variability of the param-
eters within the treatment sample was
indicative of the very individual re-
action to therapy. Once more, the re-
action to treatment seems to be highly
unpredictable on an individual ba-
sis.2t

Posterior mandibular rotation has
been attributed to vertical force com-
ponents from cervical traction on up-
per molars.*®% Surprisingly, no sig-
nificant increase of average downward
movement of either the upper molars,
ANS or PNS was recorded within the
treatment sample; nor was the pos-
terior rotation of the palatal plane®??
considered suflicient to be significant.

The considerable and significant in-
crease in the angle C-Pg/FH, accom-
panied by a significant increase in the
vertical and decrease in the hori-
zontal movement of pogonion, reflects
a posterior rotation of the mandible.
This must be attributed to factors
other than upper molar extrusion.

The question that arises is which of
the parameters show significant dif-
ferences between both samples, caused
directly and undoubtedly by treat-
ment, and have at the same time a
similarly close relation to pogonion
movement within both of the sam-
ples?
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The most noticeable difference be-
tween the two samples is in the an-
terior movement of the upper molars,
precisely the location where the cervi-
cal traction is applied. Anterior mo-
lar movement was considerably in-
hibited in the treatment group.

ANS and PNS displayed corre-
sponding inhibition. This decrease in
anterior movement of the maxilla, to-
gether with a very slight increase in its
vertical displacement, resulted in a
steeper path of movement of the up-
per molars and ANS.

The altered movement of maxillary
structures must be seen as a direct
consequence of cervical traction. The
movement of pogonion, also deflected
in a more downward direction in the
treatment group (Table 4), can only
be explained indirectly by statistical
correlation.

Pogonion movement becomes a de-
pendent variable. The direction of
pogonion movement on the one hand
and the direction of upper molar
movement and their anterior displace-
ment on the other, all of them quite
different if we compare the two sam-
ples, showed practically the same cor-
relation within their respective groups
(Table 5).

It is evident, therefore, that pos-
terior rotation of the mandible may
be explained as an indirect conse-
quence of therapeutic inhibition of
anterior displacement of the midfacial
structures.

In the age period evaluated, corre-
lation of the parameters tested dem-
onstrated a harmonious overall be-
havior of the different parts of the
growing face. In both treatment and
control samples, the directions of
movements of the midfacial structures
and of the mandible corresponded to
each other. Consequently, any devia-
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tion of midfacial displacement in a
more downward direction, as may be
induced by therapy, will result in a
more downward movement of po-
gonion.

The influence of a deflected direc-
tion of upper molar movement on the
change in the position of pogonion is
illustrated in Fig. 12. Starting from an
average facial pattern and a 7° angu-
lation of the occlusal plane to Frank-
fort Horizontal as found in the treat-
ment sample, the average annual in-
crements and corresponding direc
tions of upper molar movements are
traced for the treatment and control
samples.

If all other parameters of facial de-
velopment are held constant, the mo-
lar movements 1 (control) and 2 (treat-
ment) lead to the indicated positions
1 and 2 of pogonion. In spite of its
shorter length, molar movement 2, by
pure geometric consequence, initiates
a more downward and posterior posi-
tion of the chin.

If the position of pogonion is to be
kept in accordance with normal de-
velopment during treatment, inhibi-
tion of the anterior movement of the
upper molars must be accompanied
by corresponding inhibition of their
downward movement.

However, the steeper path of the up-
per molars in the treated sample was
not accompanied by the full theo-
retical effect on the position of po-
gonion. In relation to Frankfort Hori-
zontal, the average angle of upper
molar movement was 82° and of po-
gonion movement 67°. In the control
sample these angles were 42° for up-
per molar movement and 47° for po-
gonion movement (Table 4).

It might be speculated that the
steeper path of movement of the up-
per molars in the treatment group
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TABLE 5a

Correlations of angles and of angular and linear differences within the treatment group.
Subscript 5 = anterior movement, v = downward movement, A = difference.

023

AC-Pg A Pgy A Pgs ANS,-ANS,/FH® ANL/FH® A CPg/FH° AMS. AMSs MS,-MS,;/FH°
MS,-MS,/FH®  —0.491* 0.248 ~0.657** 0.821%** 0.402 0.631%* 0.342  —0.912%*+
A MS; 0.456* -0.386 0.733%** —0.772***  —0.363 —0.695%* -0.271
AMS, 0.349 0.477* 0.071 0.429* -0.166 0.060
ACPg/FH®  —0.462* 0.574*  —0.877*** 0.589** 0.635%* ?
2
ANL/FH®  —0.472* 0.131 ~0.542* 0.424 %‘
ANS,-ANS,/FH® —0.190 0.439*  —0.441* )
Pg,-Pg,/FH°  —0.509** 0.527*%  —0.908***
A Pgs 0.783%**  —0.225
APgy 0.422
AC-Pg
P < 0.05*
P < 0.01**
P < 0.001***
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TABLE 5b

Correlations of angles and of angular and linear differences within the control group.

AC-Pg A Pgy A Pgs Pg,-Pg,/FH°®  ANS,-ANS,/FH®  ANL/FH® A CPg/FH® AMS, AMS; MS,-MS,/FH®
MS-MS,/FH®  -0.192 0.467***  —0.481*** 0.658%** 0.783*** 0.538%** 0.664*** 0.567***  —(.678%**
A MS; 0.680***  —-0.010 0.758***  —0.596%** —0.624*** —0.492%** —0.612*** 0.184
AMS, 0.497*** 0.653*** 0.148 0.246* 0.341** 0.183 0.246*
ACPg/FH® —0.398** 0.618***  —(.834*** 0.963*** 0.791%** 0.576***
ANL/FH°® -0.178 0.402** —0.457%** 0.573%** 0.747%**
ANS,-ANS,/FH® —0.320* 0.501***  —0.671*** 0.803***
Pg,-Pg,/FH® —0.378%* 0.616*** —0.826***
A Pgs 0.814***  —-0.126
A Pgv 0.459***
AC-Pg
P < 0.05*
P < 0.01**
P < 0.001***
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Fig. 6 Linear regression for treatment sample between annual anterior move-
ment of the upper molars and the direction of movement of pogonion.
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Pgg(mm/yeer)

y = 0,518x+1,09
r-0733

p - 0,0008
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Fig. 8 Linear regression for treatment sample between annual anterior move-

ments of the upper molars and pogonion.
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Py, — Py, / FH*

j— — — — —

Yy - 0,319x+ 41,1
r- 0.652|
p=- 0,003

!
|
-

50 X

MS;-~MSj / FH*

Fig. 10 Linear regression for treatment sample between the directions of move-

ment of upper molars and pogonion.

Pgy —»Pgy /FH°

y=-0,986x + 5,03
r-0,658
p- 8x10-8

|
X 50 MS;--MS,/FH°

Fig. 11 Linear regression
for control sample be-
tween the directions of
movement of upper mo-
lars and pogonion.
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AN,

1mm/year —

Fig. 12 Influence of two different directions of molar movement on mandibular
rotation. Skeletal configuration, upper molar position and angulation of the oc-
clusal plane to Frankfort Horizontal show mean values of the treatment sample.

1 = mean control sample change,

2 = mean treatment sample change,

x = treatment effect.
If all other parameters of facial growth are maintained at a zero level for
illustration purposes, the molar movements 1 and 2 lead to the corresponding

positions 1 and 2 of pogonion.

caused some decrease of vertical move-
ment of the lower molars. There was
a corresponding difference of vertical
lower molar movement between the
groups (Table 3), but in view of the
large standard deviation within the
treated sample this difference failed
to demonstrate the consistency neces-
sary for statistical significance at the
P<.01 level.

Apart from the amount of anterior
movement of the upper molar, the
condyle growth rate exerted the great-
est influence on the horizontal posi-
tion of the chin. The inhibition of an-
terior movement of midfacial struc-
tures and the amount of condyle
growth thus determine to a large ex-
tent the quality of the skeletal and

Vol. 58 No. 3 July, 1983

profile result in Class II correction.
Posterior rotation of the mandible is
most likely to occur where condyle
growth rates are small and major in-
hibition of anterior movement of the
maxilla must be effected.

SUMMARY

Comparison of treatment and con-
trol samples was intended to reveal
those factors which, during Class 1I
correction using Tweed Edgewise tech-
nique in conjunction with intermaxil-
lary traction and low cervical traction
to upper molars, may lead to unde-
sirable posterior rotation of the man-
dible.

Both samples exhibited similar con-
dyle growth rates.
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Increased variability of the param-
eters tested was found within the
treatment group.

No significant difference was found
in the vertical movement of the upper
molars, while anterior movement of
the upper molars was significantly in-
hibited in the treatment sample.

The treatment sample displayed in-
creased vertical and decreased anterior
movement of pogonion, accompanied
by posterior rotation of the mandible,

Close and similar correlations were
found in both samples between the
anterior movements of the upper mo-
lars and pogonion, between the angles
of upper molar and pogonion dis-
placement in relation to Frankfort

Teuscher

Horizontal, and between both of the
upper molar parameters and changes
of mandibular rotation.

In the treated sample it was inhibi-
tion of anterior movement of the up-
per first molars, not enhancement of
vertical movement that appeared to
cause posteroinferior rotation of the
mandible and displacement of po-
gonion through a geometric interde-
pendence.

The direction of upper molar move-
ment and condyle growth rate both
exert important influences on changes
in position of the growing mandible
and thus on the nature of profile
changes in Class II correction.
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