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A statistical evaluation of relationships between orthodontic

treatment of Class II, Division 2 malocclusion and mandibular

growth and position, finding significant positive effects of

treatment.
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(Angle 1899) are concerned mainly with cephalometric characterization
(BLAIR 1952, MA] AND LuccHESE 1982) and approaches to treatment (SwANN
1954, TIMMONS 1972 RICKETTS ET AL. 1979, CLEALL AND BEGOLE 1982 AND EDWARDS 1983).
SWANN (1954) states that mandibular functional displacement is a factor in only
an estimated one-third of all II? cases, but he did not state how he arrived at that
figure. The “induced change” described by Timmons (1972) for II' patients may
be similar to the concept of unlocking the bite, although Timmons offers other
possible explanations as well. One of the principles of the Bio-progressive
approach to therapy is to reduce excessive overbite before overjet correction
(Ricketts ET AL. 1979) . Ricketts believes that the progressive unlocking of the
malocclusion with the Bio- progressive approach is equally applicable to the
treatment of II' and II2. CLeaLL anp BEGoLE (1982) indicate that intrusion of the
upper incisors during the initial phase of treatment may unlock the occlusion,
thus aiding in the correction. To date, no investigation has identified or quanti-
fied any additional growth resulting from unlocking the bite.
The purpose of this study was to investigate whether or not unlocking the bite
in II? cases with vertical incisors and deep overbite enhances anterior growth and/
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or repositioning of the mandible.
Whether age, sex or type of treatment
affected the growth and/or unlocking of
the mandible were also examined.

— Material and Method —

From the case records of orthodontic
patients treated at the University of
Western Ontario’s Graduate Orthodontic
Clinic, 34 subjects (14 males and 20
females) were selected, using the follow-
ing criteria:

» Clinical diagnosis of Class 1I, division 2

malocclusion

* Pretreatment overjet 4.0mm or less

* Pretreatment overbite 5.0mm (or 70%)
or more

* Pre- and posttreatment lateral cephalo-
graphs of good quality

* Horizontal mandibular growth ten-
dency, as demonstrated by a Frankfort/
Mandibular plane angle (FH/Mp) 26°
or less, and/or a Facial Axis (FA) angle
90° or more

The control sample consisted of 15
subjects (9 males, 6 females) from the
BRurlington Research Centre, University
of Toronto, who fulfilled the same crite-
ria applied to the treated group. None of
the control subjects were treated ortho-
dontically prior to or during the study
period. Cephalometric radiographs were
made serially on their birthdays.

In order to determine whether or not
treatment in general had any significant
effect on the growth of the mandible, 15
patients were chosen from the treated
sample and matched according to sex and
age (within 9 months) with one of the
control subjects. This matching tech-
nique was used in an effort to separate
growth effects from combined treatment
and growth effects.

The 15 pairs (6 female, 9 male) were
analyzed to determine changes in the
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cephalometric variables attributable to
treatment. The results were then sub-
jected to a paired t-test to delineate any
significant differences. The 0.05 level of
probability was adopted as the minimum
for statistical significance. Some trends
were examined further when a lower
probability was due only to the small
sample size.

The treated sample was analyzed to
identify any forward repositioning of the
mandible during treatment as demon-
strated by a change in Ba-Ar.

Changes in FA and FH/Mp were
recorded to determine whether the direc-
tion of growth of the mandible was
altered as a result of treatment.

In an attempt to ascertain whether dif-
ferent types of treatment had any effect
on the amount of growth of the mandi-
ble, the entire treated sample (n=234) was
subdivided by treatment type into three
groups —

Group 1 was treated with extraction of
permanent teeth (no males, 6 females).

Group 2 was treated by “conventional”
Class II mechanics, including extraoral
traction and intermaxillary elastics, with-
out extraction (8 males, 6 females).
Group 3 was treated similarly to Group
2, but with the inclusion of a bite plane
during the initial stages of treatment (6
males, 8 females).

In Group 1 (the extraction group), the
overbite was decreased with archwire lev-
elling mechanics. In Group 2, the bite
was unlocked by increasing the overjet,
and in Group 3 the overbite was
decreased and overjet increased.
Although treatment was similar in
Groups 2 and 3, it was postulated that
the bite plane used in Group 3 would
unlock the bite more efficiently and
accomplish a greater treatment effect.

The cephalometric measures for the
entire treated sample were analyzed for
sex differences.
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Class ll, division 2

Fig. 1 Cephalometric landmarks, planes and measurements

The three treatment groups were then
divided by sex in order to identify any
sex differences. Each group was analyzed
to determine changes in Ar-B and Ar-
Pog per year of treatment.

Results for the males were subjected to
a simple t-test for significance because
there were only two types of treatment.
Results for the females were analyzed by
an analysis of variance since there were
three types of treatment, and a t-test
comparison was also done to compare the
nonextraction (headgear plus bite plane)
treatments with the extraction treatment.

July® 1985

The sample was further divided into
“good growers’’ and “poor growers.” The
Ar-Pog measurement increased in the
male good growers at 2.0mm/yr of treat-
ment or more. These groups were ana-
lyzed for any discernible tendencies
related to age or type of treatment.

Radiographic and

Measuring Techniques
Cephalometric landmarks are those
defined by RoLo ET AL. (1979) AND GUGINO
(1971) and are shown in Fig. 1. Articulare
was used as one of the endpoints in the
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measurement of mandibular length
because of the difficulty in accurately
identifying condylion on lateral
cephalographs.

The radiographic enlargement factor
for the lateral headfilms used in the
treated sample was calculated to be 9.7%,
and in the control group it was 9.8%
(PorovicH 1982). Corrections were not
made because of this close similarity.

Angles were measured with a protrac-
tor calibrated in 0.5° increments. Linear
measurements were made with a modi-
fied dial caliper calibrated to 0.lmm.
Twenty films chosen randomly from the
treated group were traced twice at differ-
ent times and analyzed to determine the
measurement error; an acceptable level of
error was found.

— Results —
Results are presented in Tables 1-5.

A major interest was whether changes
occurring during treatment resulted from
growth alone or from a combination of
growth and treatment. Table 2 indicates
that Ar-Pog and FA increased signifi-
cantly more in the treated patients, indi-
cating a positive treatment effect, No
statistically significant difference was
found in the measurements Sv-B, Sv-
Pog, Ar-B, Ba-Ar and FH/Mp.

Ba-Ar, the measure of mandibular
repositioning, increased from 0.5mm/yr
to 1.6mm/yr of treatment in 26% of the
treated cases, but it was also found to
decrease more than 0.5mm/yr of treat-

Table 1
Treated Sample
Pretreatment Cephalometric Means
Females
Bite Plane Headgear Extractions Total
Xin=8 S.D. Xin=6) S.D. X(n=6) S.D. X{n=20) S.D.
FH/Mp 173 3.0 205 4.4 21.3 3.1 19.5 3.8
FA 93.6 4.1 91.7 3.7 896 24 91.8 3.8
Ar-B 96.2 3.4 954 7.2 920 7.7 94.7 6.1
Ar-Pog 107.8 3.9 103.2 8.1 101.9 89 1046 7.2
Sv-B 53.6 4.6 498 8.1 48.2 39 509 5.9
Sv-Pog 55.3 4.9 50.0 10.1 47.7 4.2 51.4 7.2
Ba-Ar 11.1 4.5 1.8 3.2 10.5 2.4 11.2 3.4
Males
Bite Plane Headgear Total
X(n=6) S.D. X(n=8) S.D. X(n=14) S.D.
FH/Mp 20.8 3.2 234 4 223 4.0
FA 93.1 3.4 906 1.1 916 2.6
Ar-B 95.8 2.7 97.4 39 96.7 3.4
Ar-Pog 106.9 3.7 107.5 4.0 107.2 3.7
Sv-B 54.4 3.9 495 55 51.6 5.3
Sv-Pog 55.5 4.3 494 6.4 52.0 6.3
Ba-Ar 10.3 0.9 128 1.8 119 2.0

218 The Angle Orthodontist

Vol. 55 No. 3

$S9008 981] BIA 91-G0-GZ0Z 18 /woo Aiojoeignd-poid-swid-yewlsiem-jpd-swiid)/:sdny wol) papeojumoq



ment in 14.8% of the treated cases. The
remainder of the treated cases changed
less than 0.5mm/yr, and the overall mean
change was not statistically significant
(Table 5).

Males and females were evaluated sep-
arately because significant sex differences
were seen in the treated sample for four
of the seven variables (Table 5).

Mean changes in FH/Mp and FA are
also shown in Table 5. The FA mean
showed a small decrease in treated males
and females, while mean FH/Mp showed
a small increase in both sexes. The FA
decreased more than 0.5°/yr of treatment
in 35% of treated cases, increased in 12%
and remained the same in 53%. The FH/
Mp angle decreased more than 0.5° per
year of treatment in 17% of treated cases,
increased in 21% and remained
unchanged in 62%.

The t-test comparison between the two
male treatment groups showed no statis-
tical difference. Table 3 indicates that in
males the average length of the mandible
from Ar-Pog increased an average of
3.82mm/yr in the bite plane group and
3.33mm/yr in the headgear group.

The analysis of variance test compar-
ing the three female treatment groups
showed no significant difference among

Class Il, division 2

them (Table 4), nor was any significant
difference observed between the extrac-
tion and nonextraction (headgear and bite
plane) groups. Mandibular length from
Ar-Pog also increased significantly more
than in the untreated controls, but not as
much as in the males. Table 4 shows that
there was almost a millimeter difference
between the mean change of Ar-Pog for
the female headgear group (1.91mm/yr)
and the female extraction group (.94mm/
yr), with the female bite plane group an
intermediate 1.46mm annual increase.

Analysis of those treated subjects
deemed to have responded particularly
well to treatment failed to reveal any con-
sistent patterns or trends.

— Discussion —

Growth Comparisons
This study appears to indicate that
unlocking the bite through routine treat-
ment procedures enhances the forward
growth of the mandible by an average of
approximately 1.5mm/yr over untreated
subjects with II? malocclusions.

Growth was evaluated by matching
each treated subject with an untreated
subject. Changes seen in excess over

Table 2
Paired t-tests
Comparing Treatment Patients with Controls
d df t p

FH/Mp +0.23 14 0.46 <.5
FA ~1.14 14 2.75 1.02
Ar-B +1.43 14 1.96 B
Ar-Pog +2.04 14 3.52 1 .01
Sv-B ~0.06 13 0.09 <.5
Sv-Pog +0.83 13 1.03 .5
Ba-Ar +1.24 14 1.61 2

d — Mean Difference between treated and control pairs

df — Degrees of Freedom t - Significant Difference
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Table 3
Comparison of Treatment Types for Males
Bite Plane Headgear
X S.D. X sD. Riolo
Yr-Mo Mo Yr-Mo Mo t p Atlas
Age at start 14-9 15 12-5 10 13
Treatment time 2-2 10 2-2 13 2
Change Ar-B 5.44 1.8 4.66 2.5 3.9
mm Ar-Pog  7.62 2.7 6.70 3.4 5.5
Annual Ar-B 2.72 1.1 240 1.4 .70 NS 2.0
change  Ar-Pog 3.82 1.8 3.33 1.8 29 NS 2.8
Table 4
Comparison of Treatment Types for Females
Bite Plane Headgear Extraction
X SD. X sD. X SD. F Riolo
Yr-Mo Mo Yr-Mo Mo Yr-Mo Mo ratio p Atlas
Age at start 13-11 32 12-9 16 14-0 30 13
Treatment time 2-2 10 2-0 4 2-1 10 2
Change Ar-B 244 32 4.47 2.6 092 1.5 3.3
mm Ar-Pog 3.43 3.2 3.52 1.6 1.48 2.5 3.7
Annual Ar-B 1.08 1.2 232 1.5 0.65 1.2 29 NS 1.7
change Ar-Pog 1.46 1.4 1.91 1.2 094 1.6 0.8 NS 1.9
Table 5
Sex Differences in Treated Sample
Males Females df t p
X SD X SD
FH/Mp 0.10 0.78 0.14 0.82 32 0.14 NS
FA —-.23 090 -.39 0.58 32 0.62 NS
Ar~-B 2,56 1.22 1.32 1.39 32 2.64 .02
Ar-pog 3.54 1.73 1.50 1.37 32 3.78 001
Sv-B 0.83 1.14 0.02 0.98 32 2.25 .05
Sv-Pog 1.21 1.31 0.08 1.08 32 2.76 .01
Ba-Ar 0.18 0.83 0.10 0.66 25 0.28 NS
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$S9008 981] BIA 91-G0-GZ0Z 18 /woo Aiojoeignd-po.id-swid-yewlsiem-jpd-swiid)/:sdny wol) papeojumoq



growth in the untreated subjects are
attributed to the treatment. The amount
of mandibular growth in the treated
patients, as measured by Ar-Pog, was
significantly greater (p<.0l) than in the
untreated subjects matched for occlusion
and age.

Table 3 shows that the males averaged
from 0.5mm to 1.0mm more growth per
year (depending on the treatment used)
than the averages for untreated cases
reported by Rovo T aL. (1974). However,
the females treated with headgear did not
grow as much as the females in that
study.

Sex differences were significant for the
four measures Ar-B, Ar-Pog, Sv-B and
Sv-Pog as seen in Table 5. The measures
employing Pog (Ar-Pog and Sv-Pog)
showed higher levels of significance than
those measures using B, possibly due to
the increase in prominence of Pogonion
in males.

These findings are in agreement with
those of EpwarDs (1983), who studied
treatment effects in a group of mixed II'
and II? patients. His use of all untreated
Class II subjects (both II' and II%) from
the Burlington Growth Study as a con-
trol group limits the comparisons that
can be made; however, he reported that
the mean mandibular length of his treated
group increased significantly more than
the untreated group (0.5mm/yr in boys
and 0.4mm/yr in girls).

In the present study the annualized
mean difference in mandibular length
increase between the fifteen matched
pairs was approximately 1.0mm/yr over
the treatment period. Edwards also found
that orthodontic treatment of low-angie
cases, particularly in males, resulted in
significantly more mandibular growth
than in the controls, and suggested that
this may be due to the large number of
II? cases in the low angle group.
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Class I, division 2

Mandibular Repositioning

RICKETTS ET AL. (1979) report the expected
posterior growth shift of Ba to be approx-
imately 1.0mm/yr, recommending repo-
sitioning the mandible posteriorly by the
same amount in growth forecasts to
maintain a constant distance from Ba-Ar.
SEW ARD (1981) also reports an unchanging
distance between Basion and Articulare.
Any forward repositioning of the mandi-
ble can therefore be expected to result in
an increase in the Ba-Ar measurement.
During treatment, Ba-Ar increased an
average of 0.18mm/yr in the males and
0.10mm/yr in the females (Table 5),
which is not significant. Nevertheless, the
increase in Ba—Ar was more than 0.5mm/
yr in 26% of the treated cases.

One might speculate that in some cases
Ba-Ar could increase during treatment as
a result of unlocking the mandible, or it
may be only a temporary shift. The fact
that approximately one-quarter of the
cases in the present study appeared to
reposition forward is in approximate
agreement with Swann’s estimate of one-
third (SWANN 1954).

The error in the method used to mea-
sure Ba-Ar was slightly larger than the
average increases seen over the treatment
period, hence the possibility of mandibu-
lar repositioning must be viewed with
caution.

Growth Direction

One of the treatment objectives in deep-
bite forward-growing cases is to inhibit
closure of the bite. Treatment is often
successful in opening the bite, and open-
ing of the bite in treatment of II> maloc-
clusions in the present study is shown by
a nonsignificant mean increase in FH/
Mp and a decrease in the facial axis angle.
The facial axis angle increased in only
12% of the treated subjects, but in 67%
of the control subjects. Treatment was
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associated with an opening of the bite in
35% of the treated cases, compared to
6% of the control sample; nevertheless,
the difference did not meet the criterion
of statistical significance.

Of the four cephalometric measures
used to indicate the relative anteroposter-
ior size of the mandible, only Ar-B and
Ar-Pog showed differences which may
have resulted from treatment. The rela-
tive anteroposterior position of the chin
in relation to the cranial base (Sv-B and
Sv-Pog). failed to show significant
changes during treatment because the
mandible rotated open in 35% of the
treated cases, compared to 6% in the
untreated controls. Since FH/Mp was
small to begin with, an increase was
sought during treatment. An increase in
FH/Mp was seen in 21% of the treated
patients.

CreaLL aND BEGOLE (1982) suggest that
II* malocclusions should be treated with
“minimal buccal segment extrusion
except that required to offset anterior
growth rotation and a short lower face
height”. The findings from the present
study support Cleall and BeGole’s pro-
posal. By maximizing extrusion in the
buccal segments, hence opening the bite,
the growth and/or repositioning of the
mandible would be expressed in a more
vertical direction as opposed to a hori-
zontal direction.

On the other hand, Lirt AND NIELSEN
(1984) described the results of extraction
and nonextraction treatment in one set of
identical twin boys in which both types
of treatment resulted in significant for-
ward rotation of the mandible and ante-
rior direction of growth. Results from
the present study show that a majority of
treated cases (88%) either stayed the same
or exhibited divergent rotation of the
mandible sufficient to open the bite or
inhibit closing of the bite.
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Treatment Comparisons

The apparently best treatment results, on
average, were obtained with treatment
incorporating a bite plane for the males,
and headgear for the females. However,
the differences between the treatment
groups were statistically insignificant
under the adopted criteria.

The fact that the female bite plane
group in the present study did not grow
as well as the headgear group is difficult
to explain, as one would expect the oppo-
site to occur as it did for the males. It is
speculated that the females in the bite
plane group may have completed the
majority of their growth by the time
treatment was undertaken (GRABER 1972).
One may also speculate that the unex-
pected finding that the bite plane in the
female treatment group was not as effi-
cient at unlocking the bite as it was in
the male treatment group may be due to
differences in musculature.

CRrAGG (1983) reported an average
2.04mm/yr increase in mandibular
length, as measured from Ba to B, in 40
untreated males 9-16 years old with Class
I or Class II malocclusion and large over-

) FO-PUpN
bites. present study

whose treatment included a bite plane
grew an average 3.82mm/yr, and those
treated without a bite plane grew
3.33mm/yr (Table 3). Again, treatment
appears to have facilitated growth of the
mandible to a small degree.

Increases in mandibular length, how-
ever small, are important when one con-
siders that other authors have indicated
that the mandible does not grow more
than normal even with treatment utiliz-
ing functional appliances (HARvOLD aND
VARGERVIK 1971, AND PANCHERZ 1984).

Statistically significant differences in
mandibular length between different
female treatment groups were not found.

L. cnalas jem
1ne malcs in the
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Although the increase in mandibular
length for the extraction group was the
smallest of any of the three treatment
groups, several points might be noted.
Treatment commenced for the extraction
group at approximately 14 years of age.
By this time, most of the growth in the
females was probably completed. Also,
the pretreatment length of the mandible
is considerably smaller in the extraction
group than in the other two treatment
groups, suggesting that the mandible in
the extraction groups tended to grow less
and to be smaller than in the other two
treatment groups (Table 1).

The 12yr-16yr age range is a more
active growth period for males than it is
for females (GrRABER 1972). It can be
hypothesized that if growth facilitates
treatment response, the variations in
mandibular growth obtained with differ-
ent forms of treatment may be explained,
at least in part, by the ages at which the
treatment was begun. Mean age for initi-
ating headgear treatment was 12yr 6mo
for the males and 12yr 9mo for the
females; for bite plane treatment it was
14yr 9mo for the males and 14yr for the
females. Extraction treatment for the
females also began at an average age of
14. The best treatment results were seen
when treatment took place during a
period of more active growth for males
(14yr 9mo) and females (12yr 9mo),
which is in agreement with Hicc AND
TARANGER (1982).

Patient cooperation was not taken into
account, and this can have a large effect
on the outcome of treatment. Future
studies utilizing larger samples should
eliminate bias caused by variations in
patient cooperation.

The observations from this study do
appear to show that the II*> mandible is
often locked back, and that treatment
which incorporates an unlocking effect
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Class ll, division 2

on the bite during an active growth
period can allow the mandible to grow or
be repositioned forward much more than
if treatment were not undertaken.

— Summary —

The objective of this study was to deter-
mine whether or not unlocking the bite
in Class II, division 2 malocclusions
would promote anterior growth and/or
repositioning of the mandible.

The anteroposterior size of the mandi-
ble in 34 treated patients originally
exhibiting II? characteristics was com-
pared to that in an untreated control
group of 15 II? subjects. It was found
that the mandible grew forward signifi-
cantly more in the treated subjects than
in the controls.

The mandible was found repositioned
forward more than 0.5mm/yr of treat-
ment in 27% of the treated subjects. In
35% of the treated subjects the direction
of mandibular growth became more ver-
tical, possibly due to opening of the bite
with treatment. The different types of
treatment studied showed small but sta-
tistically insignificant differences in man-
dibular growth.

Although not statistically significant, it
appeared that the mandibles in the female
extraction group were smaller before
treatment and grew less with treatment
than in the other two treatment groups.

— Conclusions —

¢ The amount of mandibular growth for
treated subjects was significantly
greater than in the untreated controls,
with a mean difference of approxi-
mately 1.5mm/yr. Thus, treatment
appeared to enhance the growth of the
mandible in the cases studied .
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» Approximately one-fourth of the treated
sample exhibited 0.5mm or more ante-
rior repositioning of the mandible, sug-
gesting that the mandible is indeed
locked posteriorly in at least some cases
of II? malocclusion.

® The direction of growth of the mandi-
ble was changed in approximately half
of the treated patients;

* 12% grew more horizontally
* 41% grew more vertically.

® No statistically significant differences
for mandibular length among the var-
ious treatment groups could be
demonstrated.

¢ The pretreatment size and subsequent
growth of the mandible in the female
extraction group was slightly less than
for the other two treatment groups, but
the differences were not statistically
significant.
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