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Comparative Long Term Post-Treatment Changes in
Hyperdivergent Class II Division 1 Patients With Early

Cervical Traction Treatment
Jonathon Bruce Junkin, DDSa; Louis Matthew Andria, DDS, MS, FICDb

Abstract: This was a retrospective study of 45 Class II division 1 hyperdivergent patients treated in the
mixed dentition with cervical traction and an incisor biteplane. The interjaw or ‘‘B’’ angle (mandibular
plane to palatal plane angle) was used to determine hyperdivergency. The treated sample was subdivided
into 2 groups reflecting whether the mandibular or palatal plane contributed the greatest amount to the
more than 1 standard deviation of the ‘‘B’’ angle from the mean value of the ‘‘B’’ angle present in the 89
untreated Class I controls. Complete records including lateral cephalometric head films were acquired at
the start of treatment and 18 to 91 months after discontinuing all retention. Null hypotheses were designed
to determine if any significant changes in the ‘‘B’’ angle, mandibular plane angle, or palatal plane angle
occurred in the control group or the treated group. Thirty-two angular, linear, and proportional data were
accumulated to determine the presence or absence of significant differences. The only significant angular
differences found were in the group in which the palatal plane inclination was increased relative to Frank-
fort Horizontal. In this group, the palatal plane became more nearly parallel to Frankfort Horizontal than
in the control group, and showed an increase instead of a decrease in the Y-axis. Proportional and linear
data indicated the palatal plane change was a lack of descent of Posterior Nasal Spine while the descent
of Anterior Nasal Spine was equal to that of the control group. The increase in the Y-axis was not the
result of bite opening, but a lack of mandibular horizontal development as indicated by less of an increase
in the Facial Angle. Of the 45 patients, only 4 (9%) required 2 phases of treatment and 1 of those required
extraction. Thirty patients (67%) completed treatment with alignment and retraction of the maxillary an-
terior segment and 11 (24%) had additional alignment of the mandibular anterior segment. (Angle Orthod
2002;72:5–14.)
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INTRODUCTION

There is an abundance of literature on both the adverse
and beneficial results achieved when utilizing extraoral cer-
vical traction in the treatment of patients with Class II di-
vision 1 malocclusions. Some claim that cervical traction
is contra-indicated in hyperdivergent patients, contending
there is an accompanying extrusive force producing elon-
gation of the maxillary molars.1–7 As a result, different
types of extraoral appliances have been designed and de-
scribed to counteract possible extrusive forces. Despite
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these claims, throughout the years, other authors detected
no elongation and demonstrated successful results.8–47

Investigators have noted variations in vertical facial re-
lationships as an expression of different growth patterns.
Various methods have been used to determine vertical facial
types, including cant of the mandibular plane,48–50 cant of
the palatal plane,51–53 interjaw angle,1,52 and ratios of ante-
rior and posterior face heights.54–56 Descriptive terms have
been used to categorize facial types including short, aver-
age, long, poor, and good facial patterns, forward and back-
ward rotators, hyperdivergent, neutral, and hypodivergent
growth patterns.44–55

Post-treatment changes in the vertical parameters of treat-
ed and growing patients not only reflect the effects of re-
sidual growth, varying facial type responses, tissue re-
bound, and clockwise or counter-clockwise mandibular ro-
tation, but also the clinician’s understanding of the appli-
ance’s functional design. Physiologic response to the short
and long outer face bow in cervical traction will vary. The
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clinician cannot equate the physiologic response of a short
outer bow to that of a long outer bow.

The purpose of this investigation was to test several null
hypotheses in patients presenting with a Class II division 1
Angle malocclusion and hyperdivergent facial patterns all
of which were treated with a cervical headgear and an in-
cisor biteplane in the mixed dentition. The hyperdivergent
facial patterns were determined by the ‘‘B’’ or interjaw an-
gle51,52 formed by the intersection of the mandibular and
palatal planes. The hypotheses were:

1. The mean growth changes in the ‘‘B’’ angle will not
differ in Class I untreated and hyperdivergent cervical
traction treated Class II division 1 patients at the time
of acquisition of final records;

2. The mean growth changes in the mandibular plane angle
will not differ between Class I untreated and hyperdiv-
ergent cervical traction treated Class II division 1 pa-
tients at the time of the acquisition of final records;

3. The mean growth changes in the palatal plane angle will
not differ between Class I untreated and hyperdivergent
cervical traction treated Class II division 1 patients at
the time of acquisition of final records;

4. The responses to cervical traction treatment of Class II
division 1 patients will not vary, whether the palatal or
mandibular plane was the etiology, at the time of ac-
quisition of final records.

MATERIAL AND METHODS

Each lateral cephalometric radiograph was traced with a
4H graphite pencil on a 0.0080 matte acetate tracing paper.
Both midline and bilateral images were traced with all bi-
lateral images bisected and thereafter treated as midline
structures. Linear measurements were read to the nearest
0.5 mm, and all angular measurements were obtained with
a standard protractor and read to the nearest 0.5 degree. A
right angle coordinate system as described by Coben54 was
used to determine proportions.

The control group consisted of 89 untreated Class I cases
of which 53 came from the files of the Mooseheart Foun-
dation Cephalometric Growth Study of the University of
Illinois, 33 from the Philadelphia Center for Research in
Child Growth and 3 from the family of Dr Allan G. Bro-
die.56

The criteria used in selection of patients were: (1) all
patients had a Class II division 1 malocclusion in the mixed
dentition with sagittal correction starting with a cervical
headgear; (2) all the patients had an interjaw ‘‘B’’ angle 1
standard deviation greater than the mean of the Class I un-
treated control; (3) no patients had congenital anomalies,
significant facial asymmetries or congenitally missing teeth;
(4) records for each patient included dental casts, facial
photographs, full mouth or panorex x-rays, and lateral
cephalometric head films obtained just prior to treatment,

at the time of debanding, and a minimum of one and a half
years following removal of all retainers; and (5) all patients
were treated to an acceptable occlusion (ie, a Class I molar
and canine relationship with a well-aligned interdigitated
dentition).

These criteria had the disadvantage of limiting the num-
ber of patients, but conversely, increased the homogeneity
of the sample by including only the most severe vertical
discrepancy cases. We believe the size of the sample is not
as significant as the quality of the sample. Selection was
based solely on the severity of the deformity; therefore,
gender differences were not considered.

A total of 45 patients were selected from an initial sam-
ple of 345 patients who met all the criteria. They were then
divided into 2 groups based on whether the patient’s palatal
or mandibular plane deviated from the mean of the control
by more than 1 standard deviation. In cases where both
deviated by more than 1 standard deviation, the plane that
deviated the most determined which category the records
would be placed. The length of treatment was determined
from the time the initial appliance was placed until de-
banding. The length of retention was calculated from the
date of placement of retainers until removal of the last re-
tainer. Length of post-retention was evaluated from the date
of discontinuing all retainers, fixed and removable, to the
date of acquisition of the final records. One clinician treated
all the patients.

An analysis of variance (ANOVA) was conducted to de-
termine if there was a difference in mean change from base-
line to retention to final records in the 3 groups. For those
that were significant (alpha 5.05) a 2-tailed (paired) t-test
was then conducted using a Bonferroni correction to deter-
mine which mean differences were significant. In some in-
stances, an apparent significant data (P , .05) was not reg-
istered because, in this case, a corrected alpha value for t-
tests should be .0083 (.025/3).

The headgear was a Kloehn cervical32,33 with approxi-
mately 400 g of force per side with slight expansion across
the 0.045 inner E arch that fit into 0.045 tubes placed oc-
clusally on banded maxillary first permanent molars. The
outer face bow was initially tipped up posteriorly 158 and
extended to the tragus of the ears.12,31–33 The patient was
instructed to wear the headgear 10 to 14 hours per day
(mostly sleep time). As treatment progressed, the angula-
tion of the outer bow was either increased or decreased
depending upon the molar angulation. If the molar tipped
distally, as indicated by impingement of the face bow on
the lower lip, the angulation was increased. Impingement
into the upper lip would indicate distal root tipping, thus
directing a reduction of the angle.

Twenty-seven of the patients had deep bites, while 12
had no more than a 3 mm overbite. Six patients had mild
open bites (2–4 mm) due to persistent thumb sucking or
tongue thrusting habits, as revealed in each patient’s his-
tory. For these patients, a removable maxillary acrylic pal-
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TABLE 1. Mean Ages of Subjects at Different Stages of Treatment
and Mean Averages of Treatment, retention, and Postretention Time

Controla

(n 5 89)

x SD

Class IIa

PPG
(n 5 22)

x SD

Class IIa

MPG
(n 5 23)

x SD

Pretreatment age (T1)
End of treatment (T2)
Postretention (T3)
Treatment time (y)b

Retention time (y)b

Postretention time (y)b

8.3

16.0

1.3

1.9

8.6
12.3
18.0
3.7
3.0
2.7

1.3
1.4
2.1
1.6
1.2
1.3

9.7
13.1
19.0
3.4
2.3
3.6

1.1
1.6
1.6
1.5
0.8
1.6

a PPG indicates patients with palatal plane angles greater than 1
standard deviation from the mean of the controls; MPG, patients with
mandibular plane angles greater than 1 standard deviation from the
mean of the controls; n, number of patients; x, mean age; SD, stan-
dard deviation.

b Treatment time is calculated from the date treatment started until
date of debanding. Retention time is calculated from the insertion of
retainers until full removal date. Postretention time is calculated from
the removal of all retainers to date of final examination.

FIGURE 1. Cephalometric landmarks.

atal appliance was fabricated. Three vertical loops were
placed, extending from cuspid to cuspid, lingually along the
lower incisors and inferior to the cingulum with the mouth
closed. However, the loops would still extend inferior to
the incisal edge of the mandibular incisors and cuspids with
the mouth open. The palatal acrylic extended only to the
distal edge of the maxillary cuspid, freeing the maxillary
anterior segment of the restrictive influence of the acrylic.
With the appliance in place, the thumb or any finger could
not enter the mouth. When the tongue was thrust, the ap-
pliance would be dislodged giving a negative message of,
‘‘don’t swallow this way.’’ Elevating the tongue, with an
up and backward movement, would replace the appliance
and evoke a positive message of, ‘‘swallow this way.’’ Typ-
ically, the habits would be broken and the bite closed within
3 to 4 months.

An acrylic incisal biteplane was utilized in deep bite cas-
es before starting cervical traction.25,34 It was determined
early that cooperation was difficult to achieve by asking the
patient to adjust to 2 appliances simultaneously. The bite-
plane portion of the appliance extended anteriorly to the
level of the maxillary incisal edge and posteriorly to the
incisal edge of the mandibular incisors with the mouth
closed. Cervical headgear was initiated only when maxi-
mum occlusion of the buccal segments was achieved with
the biteplane in place and the patient was fully comfortable
with the biteplane. This usually took 3 to 4 months of 24-
hour wear. The initial force placed on the headgear was
only sufficient to keep it in place. The force was to be
increased at 4- to 6-week intervals until 400 g was reached
and checked thereafter at 6-week intervals.

As the bite closed and excessive overbite returned, a new
biteplane was fabricated and inserted since anterior-poste-
rior correction had not yet been achieved. This appliance
was designed to reopen the bite and to reestablish full pal-
atal coverage. There was an increase in maxillary dental
arch width due to both the expanded inner bow (E arch)
and the loss of facial musculature constrictive forces on the
buccal segments from the 10- to 14-hour shielding effect
of the inner bow. Three to 4 mm spaces developed between
the dental bearing edge of the acrylic palate and the lingual
surface of the maxillary buccal segments. In some cases,
an additional side effect of the newly expanded maxillary
arch form enabled the elevation of the tongue from an ini-
tial low position. Elms et al16,17 demonstrated that increased
maxillary and mandibular arch widths post-treatment and
post-retention remained stable. The mean ages of the indi-
viduals at the different stages of treatment and the mean
treatment, retention, and post-retention times are presented
in Table 1.

Cephalometric landmarks and measurements

The planes and landmarks employed are presented in
Figures 1 and 2. Thirty-two angular, linear, and proportional

measurements were determined for each patient prior to
treatment and at the acquisition of final records. The an-
gular measurements were as follows: FH:NPO, BaSN, FH:
ANSPNS, FH:MGO, ANSPNS:MGO, FH:SGN.

The horizontal linear measurements were: A-NPO, U1-
APO, L1-APO, ULIP-E, L LIP-E and Ba-N. The vertical
linear measurements were: U1-L1, N-M, N-ANS, ANS-
M, N-S, S-PNS, S-AR, AR-GO and S-GO. A right angle
coordinate system was used to determine proportional
data.54 The proportional measurements (Figures 3–5)
were NM%BaN, NANS%NM (UAF%NM), ANSM%NM
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FIGURE 2. Cephalometric planes: MPL indicates Mandibular Plane;
PPL, Palatal plane; FH, Frankfort Horizontal; and RPL, Ramal Plane.

FIGURE 3. Middle Face Depth: Ba indicates Basion; S, Sella Turcica; Ptm, Pterygo maxillary fissure; U6, Mid buccal groove maxillary first
molar; A, Point A; N, Nasion; FH, Frankfort Horizontal.

(LAF%NM), NS%NM, SPNS%NM, SAR%NM, SGO%NM,
NANS%ANSM (UAF%LAF), SPNS%SGO (UPF/LPF X
100), and SPNS%ARGO (PMX/PMA X 100). All horizontal
landmarks except A-NPGO, U1-APG, L1-APO, U LIP-E
and L LIP-E were determined by projecting the landmarks

at right angles to Frankfort Horizontal. The exceptions to the
above dimensions were projected at right angles to the men-
tioned reference planes. All vertical landmarks were deter-
mined by projecting the landmarks at right angles to a line
perpendicular to Frankfort Horizontal. Proportions are deter-
mined from these measurements.54

RESULTS

Table 1 shows 45 patients had interjaw ‘‘B’’ angles great-
er than 1 standard deviation from the control mean. Twenty-
two of these patients had palatal plane angles that were
greater than 1 standard deviation from the mean of the con-
trols (PPG) while 23 patients had mandibular planes that
were greater than 1 standard deviation from the mean of
the controls (MPG).

In the PPG group, 16 patients (73%) had only 1 phase
of treatment while 6 (27%) had alignment of the lower
anterior segment from cuspid to cuspid. In the MPG sam-
ple, 4 patients (17%) required full or 2-phase treatment.
Only 1 patient (a male) in this group of 4 required the
extraction of maxillary and mandibular first bicuspids. Five
(22%) of the MPG sample had alignment of the same man-
dibular segment while the remaining 14 (60%) were com-
pleted, as in the PPG subdivision, with alignment and re-
traction of the maxillary anterior segment from cuspid to
cuspid.

Tables 2–4 show a reduction of the ‘‘B’’ palatal and man-
dibular plane angles in all 3 groups from the start of treat-
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FIGURE 4. Lower Face Depth: Ar indicates Articulare; Go, Gonion; L6, mesial contact mandibular first permanent molar; and Po, Pogonion.

FIGURE 5. Anterior and Posterior Face Height: Ans indicates Anterior Nasal Spine; M, Menton; L1, Incisal edge mandibular incisor; and U1,
incisal edge maxillary incisor.
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TABLE 2. B Angle in All 3 Groups from Start of Treatment to Final
Records

Class I PPGa MPGa

Start
Retention
Final

25.9 6 5.1
24.3 6 5.1
22.0 6 5.8

31.0 6 2.6
29.0 6 3.7
27.6 6 4.7

33.9 6 3.2
32.1 6 3.6
31.2 6 3.5

a PPG indicates patients with palatal plane angles greater than 1
standard deviation from the mean of the controls; and MPG, patients
with mandibular plane angles greater than 1 standard deviation from
the mean of the controls. PPG indicates patients with palatal plane
angles greater than 1 standard deviation from the mean of the con-
trols; and MPG, patients with mandibular plane angles greater than
1 standard deviation from the mean of the controls.

TABLE 3. Palatal Plane Angle in All 3 Groups from Start of Treat-
ment to Final Records

Class I PPGa MPGa

Start
Retention
Final

1.6 6 2.5
1.5 6 2.5
1.4 6 3.1

6.7 6 2.1
4.7 6 2.5
4.5 6 2.5

3.0 6 2.5
2.2 6 2.6
2.5 6 2.2

a PPG indicates patients with palatal plane angles greater than 1
standard deviation from the mean of the controls; and MPG, patients
with mandibular plane angles greater than 1 standard deviation from
the mean of the controls.

TABLE 4. Mandibular Plane Angle in All 3 Groups from Start of
Treatment to Final Records

Class I PPGa MPGa

Start
Retention
Final

24.4 6 4.9
22.9 6 4.9
20.6 6 5.4

24.4 6 2.1
24.3 6 2.5
23.1 6 4.9

30.9 6 2.7
29.9 6 3.4
28.7 6 4.2

a PPG indicates patients with palatal plane angles greater than 1
standard deviation from the mean of the controls; and MPG, patients
with mandibular plane angles greater than 1 standard deviation from
the mean of the controls.

TABLE 5. Average Angular Changes and Significance Levels from Start of Treatment to Final Records

Change

Control PPGa

Significance
P-value

Change

Control MPGa

Significance
(P-value)

Change

PPG MPG
Significance

(P-value)

Fac Ang
BaSN
B ANG
PP Ang
MP Ang
Y AXIS

3
0.2

24
20.2
23.5
21

2.3
0.1

23.4
22.2
21.2

1.7

.004

.001

3
0.2

24
20.2
23.5
21

2.8
21
22.7
20.6
22.1
20.1

2.3
0.1

23.4
22.2
21.2

1.7

2.8
21
22.7
20.6
22.1
20.1

a PPG indicates patients with palatal plane angles greater than 1 standard deviation from the mean of the controls; and MPG, patients with
mandibular plane angles greater than 1 standard deviation from the mean of the controls.

ment to final records. The control groups’ retention data
were extrapolated according to the average age of the 2
treated groups.

Table 5 demonstrates a significant difference between the
control and the PPG patients in both the palatal plane angle
(P 5 .004) and the Y-axis (P , .001). The palatal plane
approached parallelism with Frankfort Horizontal more in

the treated patients than in the controls, while this treated
sample had a significant increase in the Y-axis. No signif-
icant differences were present in the facial, cranial base,
‘‘B’’ or mandibular plane angles between these 2 groups.
No significant differences were present in the angular
changes between the control and the MPG division and
between the 2 treated groups.

Table 6 indicates a significant proportional increase in
anterior face height (NM%BaN) relative to cranial base
depth for both treated groups when compared to the control.
There were no other significant proportional differences be-
tween the control and the treated groups or between the 2
treated groups.

Table 7 indicates many statistically significant linear
changes between the treated divisions and the control and
between the 2 treated groups. The treated samples exhibited
statistically significant changes from the control in a re-
duced cranial base length (BaSN), less of an increase in
Sella to Posterior Nasal Spine, more of a retraction of point
A to Nasion-Pogonion line, a retraction of the maxillary
central incisor to the A- Pogonion line, an advancement of
the mandibular central incisor to the same line, and a re-
duction of the overbite instead of an increase. All were
significant at the P , .001 levels.

The MPG treated portion differed from both the control
and the PPG portion at a significance level of P 5 .007
with less of an increase in anterior face height (N-ANS)
and less of an increase in cranial base length at a level of
P , .001. The ramal length (AR-GO) increase was signif-
icantly less than the control (P 5 .002) and although insig-
nificant, it was still less when compared to the PPG portion.

DISCUSSION

This was a retrospective study of comparative growth in
45 treated patients with Class II division 1 severe hyper-
divergent facial patterns to a normal control. The interjaw
or ‘‘B’’ angle as described by both Schwartz51 and later
Sassouni52 was used to determine a hyperdivergent pattern
in preference to the Y-axis or mandibular plane as used by
others.26,43,49,50,65,70 A downward or upward tipping of the
palatal plane could well compensate for an equal amount
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TABLE 6. Average Proportional Changes and Significance Levels

Proportional
Measurementsa

Change

Control PPGb Significance

Change

Control MPGb Significance

Change

PPG MPG Significance

NM % Ba
UAF%NM
LAF%NM
NS%NM
SPNS%NM

6.2
0.3

20.3
20.2

0.3

10.6
1.1

21.1
21.5

0.2

P , .001 6.2
0.3

20.3
20.2

0.3

10.9
0
0

20.5
20.1

P , .001 10.6
1.1

21.1
21.5

0.2

10.9
0
0

20.5
20.1

SAR%NM
ARGO%NM
SGO%NM
UAF/LAF
UPF/LPF
PMX/PMA

0.4
3
3.4
1.4

25.3
22.2

0.1
2.7
2.6
1.8

27.8
22.7

0.4
3
3.4
1.4

25.3
22.2

0.9
3.4
3.1
0

26.3
22.7

0.1
2.7
2.6
1.8

27.8
22.7

0.9
3.4
3.1
0

26.3
22.7

a UAF 5 NANS; LAF 5 ANSM; UPF 5 SPNS; LPF 5 ARGO; PMX 5 SPNS; PMA 5 SGO.
b PPG indicates patients with palatal plane angles greater than 1 standard deviation from the mean of the controls; and MPG, patients with

mandibular plane angles greater than 1 standard deviation from the mean of the controls.

TABLE 7. Average Proportional Changes and Significance Levelsa

Change

Control PPO Significance

Change

Control MPO Significance

Change

PPO MPO Significance

BaSN
NM
NANS
ANSM
NS

8.3
16.1
7.7

8.3
1.6

6.1
14.9
7.7
8
0.4

P , .001 8.3
16.1
7.7
8.3
1.6

3.6
12.9
5.9
7.7
1

P , .001

P 5 .007

6.1
14.9
7.7
8
0.4

3.6
12.9
5.9
7.7
1

P , .001

P 5 .007

SPNS
SAR
ARGO
SGO
ANPO

5.8
4.6
9.5

14.2
21.7

4.5
4
8.4

13
23.8

P , .001

P , .001

5.8
4.6
9.5

14.2
21.7

4.6
4.6
6.9

11
23

P , .001

P 5 .002

P , .001

4.5
4
8.4

13
23.8

4.6
4.6
6.9

11
23

U1APO
L1APO
U LIPE
L LIPE
OB

0.5
0

24
23

1.8

21.4
2.5

25.4
23.6
21.6

P , .001
P , .001

P , .001

0.5
0

24
23

1.8

22.1
1.9

24.8
23
20.9

P , .001
P , .001

P , .001

21.4
2.5

25.4
23.6
21.6

22.1
1.9

24.8
23
20.9

a PPG indicates patients with palatal plane angles greater than 1 standard deviation from the mean of the controls; and MPG, patients with
mandibular plane angles greater than 1 standard deviation from the mean of the control.

of variation in the mandible resulting in a balanced inter-
digitation of the mandibulo-maxillary complex.52

The corrected Class II division 1 malocclusion patient is
in a Class I interdigitation and no longer represents a mal-
occlusion. Bishara10,45 found that a treated group of Class
II division 1 patients had ‘‘a normalization’’ in the growth
potential and dentofacial characteristics at the end of a 5-
year period. It was decided to compare the skeletal and
anterior dental changes occurring in the treated patient from
the start of treatment to the acquisition of final records with
the untreated Class I normal over the same time period.

Patient treatment was started in the mixed dentition in an
attempt to avoid the need for full banding and, if unsuc-
cessful, to reduce the possible need for extraction and short-
en full treatment time.38,46 Angle believed in the attainment
of normal occlusion as soon as possible. He felt the sooner
he could obtain a normal coupling of the incline planes, the

sooner the face would be beautiful and the jaw would de-
velop around the corrected dentition. The younger patient
appears to be more compliant to instruction than the older
teenager.35,46,57 The older patient, having a reduced growth
potential, minimizes growth as a contributing factor to suc-
cessful treatment. Allowing abnormal function and delete-
rious habits to persist could contribute to the severity of a
malocclusion as well as increase the loss of leeway space
needed for arch length.13 Some authors report large overjets
as significant predictors of teasing affecting a child’s self
concept while others found that self concept was not a fac-
tor at the start of treatment and did not improve during early
treatment.60

Tulloch37,38 found that the time in fixed appliance was
shorter for those patients that had early treatment even if
the total treatment time was longer due to observation prior
to starting the second phase. Interestingly, she found that
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there were more extraction cases in children that used func-
tional appliances in the first phase than in the headgear
group. The proceedings of the workshop on early treatment
concluded that the final result with early treatment was bet-
ter.46

Why would anyone use an incisor biteplane in a hyper-
divergent patient? The successful and stable results on these
45 extremely hyperdivergent cases give credence to the fol-
lowing thought processes. It was and still is the opinion of
the clinician that a complete, palatally impinging, overbite
in a 9-year-old child is not the result of incisor supraerup-
tion, but over-closure and infraeruption of buccal segments.

Ricketts,61,62 using cephalometric laminagraphy of the
temporomandibular joints, reported that two-thirds of the
Class II division 1 patients he studied carried their condyles
down and forward against the articular eminence at rest.
The condyles demonstrated greater up and backward move-
ment while going into occlusion. Following correction, con-
dylar movement from rest to occlusion was reduced with
the condyles now occupying a more up and backward po-
sition in the fossa in occlusion. Ricketts61–63 concluded that
upward and backward growth of the condyle contributed to
a downward movement of the chin and not a forward
movement. He found up and forward condylar growth was
consistent with an increase in posterior face height and a
forward growth tendency of the chin. He surmised that up
and forward growth of the condyles forces the muscles of
mastication to move the chin forward with an increase in
ramal length and posterior face height.62–65 He found this to
agree with the implant work of Bjork.66

In accordance, the treating clinician believed that place-
ment of an incisor biteplane would free the condyles’ an-
terior superior border and permit growth at that border. The
resultant action of the masticatory musculature would then
thrust the chin forward in contrast to the reaction on the
masticatory musculature by growth at the posterior superior
border rotating the mandible down and backward. Keeling
et al,27 using headgear and a biteplane, found that a year
after treatment was completed the headgear (90 patients)
was more effective in enhancing mandibular growth than
the activator (81 patients). Hellsong25 used a maxillary bi-
teplane to open the bite from 4 to 7 mm and Kondo34 used
a biteplane to overcorrect the incisal area to an edge-to-
edge relationship.

The significant (P 5 .004) flattening of the palatal plane
in the PPG portion, as seen in other studies,12,63,64 is ex-
plained by the proportional changes in Table 6 and the lin-
ear changes in Table 7. The linear increase in the Nasion
to Anterior Nasal Spine distance was the same in both the
treated and control groups. Simultaneously, the Sella to
Posterior Nasal Spine linear change was significantly less
(P , .001) in the treated PPG sample. As additional con-
formation, although insignificant, upper posterior face
height to lower posterior face height (UPF/LPF) propor-
tionally decreased more in the PPG patients than in the

controls. In synchrony, upper anterior face height propor-
tion to lower (UAF/LAF) was almost identical to the con-
trols. The approaching parallelism of the palatal plane to
Frankfort Horizontal is, therefore, the result of a reduced
descent of Posterior Nasal Spine and not an excessive drop-
ping of Anterior Nasal Spine since its descent was equal to
that of the controls. This orthopedic skeletal variation in
growth results in a dental modification.

The significant (P , .001) increase in the Y-axis with
the PPG portion in Table 5 indicates a significant increase
in anterior face height. This is apparently confirmed in Ta-
ble 6 by the significant increase (P , .001) in anterior face
height as a proportion of cranial base depth (NM%BaN).
However, Table 7 denotes that the cranial base increase
(BaSN) was significantly less (P , .001) than the controls.
Therefore, the increase in the Y-axis was not totally due to
an increase in anterior face height or bite opening. The Y-
axis is reflective of 2 planes in space, horizontal and ver-
tical. The reduced increase in the Facial angle, seen in Table
5, could indicate that a lack of horizontal mandibular de-
velopment may have also contributed to the increased Y-
axis.

The absence of significant angular changes, when com-
paring the control to the MPG segment, appears contradic-
tory to the linear and proportional data. The lack of a sig-
nificant difference in palatal plane change in Table 5 is
attributed to linear data seen in Table 7. In contrast to the
PPG patients, there was a significant compensatory (P 5
.007) reduced vertical development of upper anterior face
height (N.ANS). Simultaneously, the posterior face height
(SPNS) change was almost equal to the PPG portion, there-
by preventing the rotation of the maxilla seen in the other
treated group and maintaining the maxillary molars’ posi-
tion in the face.

Table 6 shows a significant (P , .001) proportional in-
crease in anterior face height (NM%BaN) without an ex-
pected significant change relative to the controls in either
the mandibular plane or Y-axis in both treated groups. A
significant lack of cranial base length increase (P , .001)
relative to the control for both the MPG and PPG group,
seen in Table 7, again indicates the change was not an in-
crease in anterior face height or bite opening, but a lack of
increase in cranial base length.

The almost identical lack of change in the cranial base
angle (BaSN) in all 3 groups (Table 5) denotes this linear
difference to be predominantly a quantity disparity. The
significant differences in skeletal and dental profile and
overbite linear readings (P , .001) in Table 7 are indicative
of treatment objectives. Advancement of lower incisors was
dictated in some of the cases by the restrictive action of
deeply excessive overbites. Although the ramal length (AR-
GO) increase was significantly less in the MPG segment
relative to the control, the mandibular plane difference was
insignificant. When compared with the short increase in
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cranial base and upper anterior and posterior face heights,
it appears the MPG sample was just skeletally smaller.

The fallacy of utilizing angles to study changes occurring
in a single plane of space and basing findings on a limited
amount of data is exemplified by the above discussion. The
creation of an angle is dependent upon 2 lines in space.
Pythagorean trigonometric function states that the sine of
the apex angle of a right triangle is equal to its base divided
by the hypotenuse. Therefore, the greater the vertical
length, the more acute the angle becomes.

CONCLUSIONS

No significant mean growth differences in the ‘‘B’’ and
mandibular plane angles were found between the treated
hyperdivergent Class II division 1 patients and the controls.
The palatal plane in the PPG sample paralleled Frankfort
Horizontal significantly more than in the controls. Even
though there were no significant differences between the 2
treated groups, the palatal plane flattened more in the PPG
patients than the MPG patients, while the mandibular plane
flattened more in the latter. We might presume, from this
study, that cervical traction action is the etiologic offending
component.
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