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Changes in dentofacial
structures in untreated Class II
division 1 and normal
subjects: A longitudinal study

Samir E. Bishara, BDS, DDS, D Ortho, MS; Jane R. Jakobsen, BS, MS;
Bronwen Vorhies, DDS; Payman Bayati, DDS

I I The growth potential of individuals with
Class II malocclusion is of interest to the
practicing orthodontist because these mal-

occlusions constitute a significant percentage of

the cases treated. Ast et al.! examined 1,413 high
school students 15 to 18 years old from upstate

New York and found that 23.8% had Class II

malocclusion and 69.9% had Class I malocclu-

sion. This ratio, approximately 1:3, was similar
to that reported by Goldstein and Stanton® for
white American children and by Massler and

Frankel® for children 14 through 18 years old.

However, in a group of American blacks evalu-

ated by Altemus,* the ratio of Class II to Class I

malocclusions was about 1 to 6.

The effects of different types of appliances on
the dentofacial relationships of individuals with
Class 1I division 1 malocclusions have been
evaluated in a number of studies. In these stud-
ies the treated groups were compared with un-
treated Class II division 1 samples.”” Turloch et
al.,® after systematically reviewing the literature
between 1980 and 1987, identified 50 studies re-
porting the treatment of young patients with
Class II malocclusion. Because of the different
limitations in the various studies, Turloch et al.
were unable to determine whether orthodontic
treatment significantly influenced the growth
potential of Class II patients.

Abstract

The purpose of this study was to compare longitudinally the changes that occur in dentofacial structures from the deciduous
to the permanent dentitions in untreated Class |l division 1 and normal individuals. Complete records were assembled for
65 subjects at three stages of development: at the completion of the deciduous dentition, after the first permanent molars
had erupted completely, and after the permanent dentition had erupted completely (third molars excluded). On a cross-
sectionalbasis, only mandibular length (Ar-Pog) differed significantly in the two groups, and then only during the earlier stages
of development; by the later stage, the difference was not significant, indicating that some “catch up” growth may occur in
Class Il individuals. Longitudinal comparisons of the curve profiles, i.e., growth trends between Class |l division 1 and normal
subjects, indicated that there were no significant differences between the two groups except in upper lip protrusion.
Comparisons of the total change from the deciduous to the permanent dentition indicated the presence of a number of
significant differences between Class Il division 1 and normal subjects, including larger magnitude of maxillary and
mandibular iengths in the normal group and greater skeletal and soft tissue convexities in the Class Il group.
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Descriptive statistics on the ages of individuals with untreated
Class Il division 1 malocclusion at the different stages evaluated.
Normal subjects were matched at 5, 8, and 12 years.

Table 1

Males Females
Stage X S.D. X S.D. P
Stage | 5.0 0.5 5.0 0.3 NS
Stage |l 7.7 0.8 7.7 0.8 NS
Stage |l 12.2 1.0 12.2 1.0 NS

X = Mean $.D. = Standard Deviation
NS = Not Significant at P > 0.05

56 The Angle Orthodontist

Cephalometric characteristics of the Class II
division 1 malocclusion

The determination of any dysplasia is usually
attempted by comparing the dentofacial charac-
teristics of individuals having a certain class of
malocclusion with a group having “normal” oc-
clusion. Using Angle’s classification as their cri-
terion, several investigators attempted to
describe the cephalometric characteristics of the
Class II division 1 malocclusion.’®* Fisk!® de-
scribed six possible morphological variations in
the dentofacial complex: (1) The maxilla and
teeth are anteriorly situated in relationship to the
cranium; (2) The maxillary teeth are anteriorly
placed in the maxilla; (3) The mandible is of nor-
mal size, but is posteriorly positioned; (4) The
mandible is underdeveloped; (5) The mandibu-
lar teeth are posteriorly placed on an adequate
base; and (6) Various combinations of the above
factors.

The literature review indicates that a Class II
malocclusion may or may not be accompanied
by a skeletal discrepancy. Furthermore, describ-
ing the skeletal dysplasia that may accompany
a Class II malocclusion as a “skeletal Class I1” is
of limited diagnostic value. This is because such
a description does not specify whether the man-
dible is normal or retruded in relation to the
maxilla, or whether the maxilla is protruded or
normal in relation to the mandible.

The findings from the literature review are still
inconclusive partly because most of the studies
were cross-sectional in nature. Few longitudinal
studies are available in the literature comparing
untreated Class II division 1 subjects with un-
treated normal controls. The purpose of this
study is to compare on a longitudinal basis the
changes that occur in the dentofacial structures

Vol. 67 No.1 1997

in untreated Class II division 1 and normal in-
dividuals between the deciduous and permanent
dentitions.

Materials and methods
Subjects

The material for this investigation was obtained
from the Facial Growth Study at the University
of lowa. The study was started by Drs. Meredith
and Higley in 1946 on 167 subjects.?** The
sample for the present investigation were se-
lected based on the availability of records. All
subjects had models and cephalograms taken bi-
annually between the ages of 3.5 and 12 years,
and annually through age 17. Ninety-seven per-
cent of the subjects were of northwestern Euro-
pean ancestry and all subjects were Caucasians.

Of the 167 subjects (81 males and 86 females)
who were initially evaluated, 43 lacked records
through the permanent dentition. Of the 121 re-
maining subjects, (60 males and 61 females)
62.0% (N = 75) developed into a Class I occlu-
sion and 34.0% (N = 41) developed into a Class
II occlusion. This assessment was made from
records available at the completion of eruption
of the permanent dentition.

Class II sample: Of the 41 patients with Class II
malocclusion, 7 had an early phase of orthodon-
tic treatment and 4 had Class II division 2 mal-
occlusion and were eliminated from the study.
As a result, the Class II division 1 sample con-
sisted of a total of 30 subjects, 15 males and 15
females. None of these subjects had congenitally
missing teeth; none had exhibited early loss of
deciduous first or second molars nor had they
undergone orthodontic therapy.

Each subject had complete sets of data at three
stages of dental development: Stage I, after the
completion of the deciduous dentition and be-
fore the eruption of any permanent teeth; Stage
I1, at the time the permanent first molars had
completely erupted into occlusion, i.e., in the
early mixed dentition stage when early treatment
is often contemplated; and Stage III, at the
completion of eruption of the permanent denti-
tion excluding third molars, i.e., in early adoles-
cence when a significant number of orthodontic
patients are treated for malocclusion. After this
point most of these cases received comprehen-
sive orthodontic treatment.

Normal sample: Records on 35 normal subjects
(20 males and 15 females) were available. The
cephalograms for the normal individuals were
matched for the ages of the Class Il cases at each
of the three stages. None of the subjects had an
apparent facial disharmony and all had clinically



acceptable occlusion, i.e., a Class I molar and ca-
nine relationship with less than 3 mm of crowd-
ing and no gross asymmetries in the dental
arches. None of the subjects had undergone orth-
odontic therapy.

The ages of the subjects in each group are pre-
sented in Table 1. No significant differences were
present in the ages of the Class 1l division 1 and
normal groups at each of the three stages for ei-
ther males or females.

Cephalometric landmarks and measurements

Twenty-one hard-tissue and six soft-tissue
landmarks were identified on each cephalogram
and are presented in Figure 1.

The identification of these landmarks was
based upon the classic definitions found in the
literature.®* The landmarks were digitized
twice by two separate investigators using the
Dentofacial Planner 4.22 (Dentofacial Software
Inc, Toronto, Canada, 1988).

From these landmarks, 33 anteroposterior and
vertical linear and angular measurements were
derived and are listed in the various tables and
in Figure 1.

All landmarks were identified by one investi-
gator and checked for accuracy of location by a
second investigator. The landmarks were mea-
sured twice at separate intervals by two investi-
gators. Allowable inter- and intra-investigator
errors were 0.5 mm and 0.5°.

Statistics used

Descriptive statistics including the mean, stan-
dard deviation, and minimum and maximum
values were calculated for each parameter at the
three stages. The measurements obtained on the
various parameters were evaluated cross-sec-
tionally and longitudinally.

Cross-sectional analysis

The Analysis of Variance General Linear Mod-
els procedure was used to compare the
dentofacial parameters of Class II division 1 and
normal subjects at each stage of development.
The incremental changes for the total period
were also compared among the various groups
examined. The level of significance was prede-
termined at the 0.05 level of confidence.
Longitudinal comparisons

The individual values at each developmental
stage were used to calculate absolute and incre-
mental growth curves. The mean growth profile
curves for the normal and Class II division I sub-
jects for each facial parameter were compared by
means of the Analysis of Variance General Lin-
ear Models procedure.

In the statistical analysis of the growth curves,
there were two aspects to be evaluated—the

Changes in the dentofacial structures

Figure 1

shapes or profiles of the curves and the magni-
tudes of the curves to be compared. The shape
or profile is the slope that describes growth di-
rection. In this respect, the curves might show a
parallel relationship indicating that the growth
trends are the same. On the other hand, lack of
parallelism among curve profiles indicates dif-
ferences in growth trends. The magnitude of a
curve js the height of the curve with age held
constant and indicates the amount of change. It
needs to be emphasized that if the curve profiles
are not parallel, it would not be appropriate to
compare the curve magnitudes. The method of
analysis used to compare the growth curves was
described in detail by Kleinbaum and Kupper.*

The level of statistical significance was prede-
termined at the 0.01 level of confidence for the
comparisons of the curve parallelism and at the
0.05 level of confidence for the comparisons of
curve magnitude. This variation in the level of
significance is suggested by Bonferroni. The
Bonferroni method* takes into consideration all
tests of significance to be examined in one analy-
sis. Since the test for parallelism was part of an
analysis that included three variables, the 0.01
level of significance was chosen to keep the over-
all level of significance relatively high.

Results
Age comparisons

The analysis of variance indicated that no sig-
nificant differences were present between the
Class II division 1 subjects and the normal sub-
jects at each of the three developmental stages.
Changes in cranial base (Figure 2A-B)

Cross-sectional comparisons (Tables 2-5)

All cranial parameters in males and females
were not significantly different between the Class
II division 1 and normal subjects at any of the
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Figure 1

Landmarks used.?”%
S = Sella

W = Sphenoid wing
point

N = Nasion

Or = Orbitale

Ans = Anterior nasal
spine

Ans’ = Perpendicular
on N-Me at Ans

Pns = Posterior nasal
spine

A =Point A or
subspinale

B = Point B or
supramentale

Pog = Pogonion

Gn = Gnathion
Me = Menton
Go = Gonion

Ar = Articulare

Ar’ = Perpendicular
on S-Go at Ar

Po = Ponion

O = Occipital condyle
U1 = Long axis of
upper incisor

L1 = Long axis of
lower incisor

GI' = Soft tissue
glabella

Pr = Prosthion

Sb = Subnasale

Ls = Labrale superior
Li = Labrale inferior
Pog’ = Soft tissue
pogonion
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Figure 2A-B

Changes in cranial base angle (NSO)
and total cranial base length (N-O) in
males and females.

Figure 3A-B

Changes in maxillary relationship (SNA)
and maxillary length (ANS-PNS) in males
and females.

Figure 4A-C

Changes in SNB, SWPog angles and
mandibular length (Ar-Pog)in males and
females.

MALES

Mean Changes in NSO

FEMALES
32w

~#—Class 2

12

Mean Changes in N-O

MALES FEMALES

27
Oecltuous

Stage of Dental Devetopment

Nixed
Dentition

Eay

Mixed Mixod Eary
Peamanent Bentiion Bentiticn Pormanent

Stage of Dental Development

Figure 2A

Figure 2B

MALES

Mean Changes in SNA
FEMALES

—e—Class 2
- - Hormal

Mean Changes in Ans-Pns

MALES FEMALES

millimeters

millimeters
&

— nt
Deciduous
......

Stage of Dental Development

Stage of Dental Development

Figure 3A

Figure 3B

Mean Changes in SNB

MALES FEMALES

i

-e—Class 2
- - Normal

2 e

Eady Oaciduous

Mixed
Deniition Parmansnt

Stage of Dental Devetopment

Mean Changes in SWPog
FEMALES

—e—Class 2 101
- ®- Normal

Mean Changes in Ar-Pog
FEMALES

o

millimeters
mitimeters

Centition

Mixed arty Deciduous

&
Permanent
Stage of Dental Devetopment

7

Deciduous Mixed Earty

Stage of Dental Development

Figure 4A

three stages evaluated. The only significant dif-
ference was in the overall change of S-N in fe-
males (Table 5), which was larger in the Class II

Figure 4B

division 1 group than in normals (P<.05).
Longitudinal comparisons (Table 6)

Growth profile: No significant differences were
present in the shapes of the curves between the
Class II division 1 and normal individuals in ei-
ther males or females in any cranial base mea-

surement.

Growth magnitude: The curve magnitude for the
NSO angle in males was significantly larger in
the normals when compared with the Class II di-

vision 1 individuals (P < .01).

Changes in the maxillary complex (Figure 3A-B)

Cross-sectional comparisons (Tables 2-5)

There were no significant differences in the
comparisons of maxillary relationship (SNA?®)
and maxillary length (Ans-Pns) between the
Class 1I division 1 and normal subjects in either
males or females at the three stages of develop-
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Figure 4C

ment. The only exception was maxillary length
in males at stage II, which was significantly
greater (P < .01) in normals than in the Class II
division 1 subjects.

Longitudinal comparisons (Table 6)

Growth profile: There was no significant differ-
ences in the shape of the curves between the
Class II division 1 and normal individuals in ei-
ther males or females.

Growth magnitude: The overall magnitude of the
curves for maxillary length was significantly
greater in normals than in Class II division 1 sub-
jects for both males (P<.01) and females (P<.05).
Changes in the mandible (Figure 4A-C)

Cross-sectional comparisons

Of the five mandibular measurements com-
pared, only two were significantly different be-
tween the Class II division 1 and normal subjects.
Mandibular length (Ar-Pog) was significantly
smaller (P<.01) in the Class II division 1 groups
at the earlier stages of development in both males
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Table 2
Descriptive statistics and results of analysis of variance comparing Class Il division 1 and
normal males and females at Stage | (deciduous dentition).
Males Females
Class II/1 Normals Class 1IN Normals

Variable x S.D. x S.D. P x S.D. x S.D. P
Cranial base
NSO° 128.4 48 1315 5.1 NS 1316 57 1328 4.1 NS
S-N mm 616 24 60.6 5.0 NS 592 1.8 602 22 NS
S-O mm 341 20 341 3.2 NS 332 1.9 33.0 3.6 NS
N-O mm 86.9 3.6 87.0 7.6 NS 84.9 3.5 86.3 3.3 NS
Maxillary complex
SNA° 81.0 43 80.4 4.2 NS 80.4 3.0 80.2 3.2 NS
Ans-Pns mm 441 23 456 3.8 NS 435 24 448 1.8 NS
Mandible
SNB® 76.0 34 76.0 3.8 NS 747 27 754 27 NS
SNPog° 754 34 751 4.0 NS 741 29 744 28 NS
FH-NPog° 82.8 3.0 819 69 NS 834 22 835 25 NS
SWPog° 102.0 52 1009 54 NS 98.3 50 101.1 47 NS
Ar-Pog mm 79.6 4.2 84.7 4.4 S** 78.0 34 815 3.7 S*
Maxilla-mandible
ANB° 50 22 41 20 NS 57 17 47 17 NS
NAPog® 131 6.1 10.8 4.0 NS 144 4.4 11.4 3.6 S*
Face heights and relationships
N-Ans’ mm 38.1 25 38.8 3.9 NS 369 22 382 15 S*
N-Me mm 86.4 4.0 921 8.7 s 864 4.2 89.7 3.7 S*
N-Ans’/N-Me% 441 23 421 1.8 S* 428 1.7 426 1.7 NS
Ar-Go mm 36.2 25 39.3 5.5 S* 354 27 378 20 S**
S-Go mm 59.5 34 60.8 6.0 NS 576 3.2 57.8 26 NS
Ar-Go/S-Go% 60.8 2.2 64.3 4.6 Sl 614 25 65.3 1.7 S™
S-Go/N-Me% 68.9 3.5 66.2 3.4 NS 66.7 3.2 64.4 2.9 S
MP-SN° 305 4.3 345 6.0 S 33.6 4.6 37.0 3.6 S*
Dental relationships
Ut:L1° 1452 140 139.3 13.2 NS 147.1 135 146.6 10.9 NS
U1:SN° 920 7.2 917 88 NS 90.0 9.9 89.5 6.4 NS
U1:APog mm 25 17 30 12 NS 27 17 3.0 15 NS
L1:MP° 92.2 6.7 88.1 9.0 NS 894 7.0 86.7 7.3 NS
L1-NB mm 14 1.6 21 12 NS 18 1.6 22 15 NS
Pog-NB mm -0.8 1.8 -1.4 1.2 NS -1.0 1.6 1.3 1.6 NS
Overjet mm 44 11 29 13 S* 41 1.7 25 1.0 S*
Overbite mm 19 1.2 1.1 1.1 S* 26 2.0 1.6 1.1 NS
Soft tissue relationship
NB:Ls-Pog’ 185 3.8 15.0 3.9 s* 18.1 438 145 5.0 s*
GI-SLs-Pog™ 168.4 3.8 169.7 4.1 NS 166.6 4.2 1703 4.0 S*
Ls:Pr-Pog’ mm 19 1.8 -03 1.9 S+ 1.2 1.8 -02 1.6 NS
Li:Pr-Pog’ mm -0.8 14 0.1 15 NS 1.1 21 02 1.8 S*
X =Mean; S.D. = Standard deviation; P = probability; NS = Not significant; S* = Significant at < 0.05 and S8** at < .01

and females (Tables 2 and 3). But the differences
were not significant at the later stage of devel-
opment, i.e., following the eruption of the per-
manent dentition (Table 4). The total change in
mandibular length was not significantly differ-
ent between the groups (Table 5).

Longitudinal comparisons (Table 6)

Growth profile: No significant differences were
present in the growth profiles of any of the man-
dibular parameters.

Growth magnitude: The overall magnitude of the
curve for mandibular length was significantly
greater (P<.01) in the normal subjects than for the
Class II division 1 subjects in both males and fe-
males. In females the curve magnitude for
SWPog was significantly greater for the normal
subjects when compared with the Class II divi-
sion 1 subjects (P <.01).

The Angle Orthodontist
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Table 3
Descriptive statistics and results of analysis of variance comparing Class Il division 1
and normal males and females at Stage Il (mixed dentition).

Males Females

Class 1111 Normals Class lI/1 _Normals
Variable x S.D. x S.D. P X S.D. x  S.D. P
Face heights and relationships
Cranial base
NSO° 128.1 50 130.7 4.9 NS 131.6 6.2 1321 45 NS
S-N mm 63.9 2.8 644 2.0 NS 61.7 2.0 624 27 NS
S-0 mm 362 20 374 22 NS 355 20 356 3.7 NS
N-O mm 90.9 4.0 932 3.9 NS 89.2 41 904 4.0 NS
Maxillary complex
SNA° 81.0 44 80.5 4.3 NS 795 3.2 80.0 3.6 NS
Ans-Pns mm 468 1.7 489 22 S** 458 23 469 2.1 NS
Mandible
SNB° 76.9 4.0 76.8 3.7 NS 75.0 3.0 75.3 3.0 NS
SNPog° 77.0 4.2 76.6 3.9 NS 751 3.0 75.3 3.0 NS
FH-NPog° 842 42 834 32 NS 83.1 26 835 22 NS
SWPog° 103.8 53 1035 5.6 NS 99.8 54 104.0 438 S*
Ar-Pog mm 852 41 91.8 46 S** 840 3.9 876 3.8 S**
Maxilla-mandible
ANB°® 41 1.8 3.7 15 NS 45 15 42 1.6 NS
NAPog° 9.0 438 82 37 NS 98 3.6 94 38 NS
Face heights and relationships
N-Ans’ mm 415 27 437 24 S* 41.0 2.7 421 2.0 NS
N-Me mm 92.1 34 1008 4.0 S 93.1 5.0 96.2 5.4 NS
N-Ans’/N-Me% 451 24 434 15 S* 440 1.4 438 1.6 NS
Ar-Go mm 395 27 43.7 33 S** 379 3.5 40.0 2.2 S*
S-Go mm 64.6 35 676 47 S* 61.9 3.3 62.8 27 NS
Ar-Go/S-Go% 61.1 23 64.7 2.1 S* 61.1 3.2 63.7 2.0 S*
S-Go/N-Me% 70.2 41 67.1 4.6 S* 66.6 3.5 65.3 3.2 NS
MP-SN° 291 43 339 50 S** 338 44 358 3.9 NS
Dental relationships
U1:L1e 130.5 9.1 131.3 7.8 NS 131.0 95 130.1 6.9 NS
U1:SN° 101.9 35 1011 441 NS 100.2 6.8 101.1 54 NS
U1:APog mm 34 20 42 15 NS 46 1.5 49 186 NS
L1:MP° 984 5.2 939 5.2 s+ 95.0 6.8 93.0 5.2 NS
L1-NB mm 25 18 34 1.2 NS 28 17 36 13 NS
Pog-NB mm 01 17 -03 1.6 NS 02 1.2 -06 14 NS
Overjet mm 39 14 29 1.2 S* 47 13 33 14 S*
Overbite mm 20 20 21 17 NS 3.1 20 23 1.2 NS
Soft tissue relationships
NB:Ls-Pog’® 146 4.2 136 3.7 NS 152 3.8 13.7 45 NS
Gl-SLs-Pog’ 168.1 4.1 168.8 34 NS 165.6 4.7 168.2 3.6 NS
Ls:Pr-Pog’ mm -05 1.5 -06 1.9 NS 0.1 16 -1.0 15 NS
Li:Pr-Pog’ mm 03 1.8 -02 1.6 NS 04 2. 00 1.4 NS

x = Mean; S.D. = Standard deviation; P = probability; NS = Not significant; $* = Significant at < 0.05 and $** at < .01

Changes in maxillary-mandibular relationships
(Figure 5A-B)

Cross-sectional comparisons (Tables 2-5)

The angle of skeletal convexity (NAPog) in fe-
males at Stage I and the ANB angle in males at
Stage Il were larger in the Class II division 1
subjects than in normals (P < .05). There was a
significantly greater reduction in the NAPog
angle over the total period of observation in the
Class II division 1 females than in normals (P<.01).
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Longitudinal comparisons (Table 6)

Growth profile: No significant differences were
present in the growth profiles of males and fe-
males for the changes in maxillary - mandibular
relationships.

Growth magnitude: In both males and females
the magnitude of the curves for ANB and NAPog
angles were greater in the Class II division 1 than
in the normal subjects (P < .05).
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Table 4
Descriptive statistics and results of analysis of variance comparing Class Il division 1 and
normal males and females at Stage Ill (permanent dentition).
Males Females
Class II/1 Normals Class 1IN _Normals

Variable x S.D. x S.D. P X S.D. x 8.D. P
Cranial base

NSO° 1276 5.2 1305 4.9 NS 1315 59 131.8 4.8 NS
S-N mm 68.8 4.2 67.1 2.2 NS 654 2.2 65.2 3.2 NS
S-O mm 40.8 3.6 405 21 NS 389 25 38.7 3.9 NS
N-O mm 99.2 74 98.2 3.9 NS 956 4.5 95.8 4.9 NS
Maxillary complex

SNA° 82.1 4.2 81.3 3.8 NS 80.0 3.5 80.4 3.6 NS
Ans-Pns mm 51.7 3.2 52.3 2.2 NS 498 2.8 505 24 NS
Mandible

SNB° 771 3.8 776 3.3 NS 76.1 3.3 76.8 3.0 NS
SNPog° 781 42 78.0 3.7 NS 76.8 3.2 76.8 3.1 NS
FH-NPog° 83.8 441 83.0 4.7 NS 84.0 3.0 832 25 NS
SWPog° 104.2 6.7 106.4 5.5 NS 101.0 54 1055 55 s>
Ar-Pog mm 959 5.6 99.3 5.1 NS 93.3 4.8 958 5.1 NS
Maxilla-mandible

ANB?° 50 17 3.8 1.7 Sh 39 18 36 19 NS
NAPog° 9.3 48 6.9 4.3 NS 72 47 7.3 5.1 NS
Face heights and relationships

N-Ans’ mm 476 4.6 480 24 NS 46.3 2.8 462 22 NS
N-Me mm 103.9 8.0 108.2 4.4 NS 1029 6.1 1040 54 NS
N-Ans’/N-Me% 458 2.2 444 15 S* 450 1.8 4.4 19 NS
Ar-Go mm 443 4.2 47.0 35 NS 429 43 43.8 25 NS
S-Go mm 734 54 742 49 NS 70.0 4.8 69.8 34 NS
Ar-Go/S-Go% 60.2 2.9 63.3 1.9 S 61.2 3.2 62.8 1.8 NS
S-Go/N-Me% 70.8 4.4 68.6 4.7 NS 68.1 3.7 672 34 NS
MP-SN° 291 54 324 5.2 NS 33.0 4.6 342 4.0 NS
Dental relationships

ut:Lte 126.5 11.6 128.0 6.7 NS 1252 84 1277 7.9 NS
U1:SN° 102.9 6.0 102.2 4.9 NS 1023 71 102.2 47 NS
U1:APog mm 52 25 53 1.6 NS 6.0 14 58 1.6 NS
L1:MP° 101.5 8.0 975 5.2 NS 99.5 6.7 96.0 5.0 NS
L1-NB mm 42 24 46 1.2 NS 43 1.7 44 17 NS
Pog-NB mm 1.7 1.6 07 1.8 NS 1.2 1.3 03 1.4 NS
Overjet mm 42 14 3.1 1.0 S* 49 15 3.0 07 S*
Overbite mm 42 15 36 13 NS 38 17 32 15 NS
Soft tissue relationships

NB:Ls-Pog’® 154 4.8 14.0 4.2 NS 145 42 13.0 58 NS
GI-SLs-Pog’™ 1655 3.6 167.4 3.7 NS 1635 48 1675 438 S*
Ls:Pr-Pog’ mm 14 23 -1.0 1.9 NS -09 1.8 23 22 S
Li:Pr-Pog’ mm 1.2 22 -05 1.7 NS 05 15 -04 23 NS
X =Mean; S.D. = Standard deviation; P = probability; NS = Not significant; S* = Significant at < 0.05 and $** at < .01

Changes in face heights and relationships
(Figure 6A-C)

Cross-sectional comparisons (Tables 2-5)

At Stage I in both males and females, most of
the parameters describing the vertical relation-
ships of the face were significantly greater in
normals than in Class 1l division 1 subjects. At
Stage 11, normal males still had significantly
larger measurements than Class II division 1
males. On the other hand, females had fewer dif-

ferences (Ar'-Go and Ar-Go/S-Go%). At Stage
III, there were no significant differences between
females in any of the parameters and only two
ratios (N-Ans'/N-Me% and Ar’-Go/S-Go%)
were significantly different in males, indicating
a relatively shorter lower anterior face and longer
lower posterior face in the Class II division 1 sub-
jects.

The Angle Orthodontist
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Table 5
Descriptive statistics and results of analysis of variance comparing total changes in Class
Il division 1 and normal males and females from deciduous to permanent dentitions.

Males Females

Class II/1 Normals Class lI/1 _Normals
Variable x S.D. x S.D. P X S.D. x S.D. P
Cranial base
NSO° -0.8 2.0 -1.0 21 NS 0.1 29 -1.0 22 NS
S-N mm 72 31 6.5 4.8 NS 62 1.6 50 15 S*
S-O mm 6.8 28 64 24 NS 56 1.9 57 13 NS
N-O mm 122 5.2 11.2 6.6 NS 107 25 94 23 NS
Maxillary complex
SNA° 1.1 1.6 1.0 0.9 NS -04 1.5 02 1.6 NS
Ans-Pns mm 76 28 6.7 41 NS 64 1.8 57 1.6 NS
Mandible
SNB° 1.2 1.8 1.6 1.3 NS 14 23 14 1.8 NS
SNPog° 27 1.9 29 141 NS 27 1.9 24 21 NS
FH-NPog° 1.0 3.2 1.1 6.3 NS 06 25 -0.3 25 NS
SWPog° 22 37 55 26 S 27 3.9 43 4.2 NS
Ar-Pog mm 16.4 5.1 147 2.4 NS 152 3.4 143 23 NS
Maxilla-mandible
ANB° 00 15 -04 1.5 NS -1.8 14 -1.2 1 NS
NAPog°® -3.8 43 -3.8 238 NS 72 32 -41 3.3 S**
Face heights and relationships
N-Ans’ mm 95 3.0 92 28 NS 94 1.6 80 1.6 S*
N-Me mm 175 6.9 16.1 6.8 NS 16.6 3.6 143 2.8 S*
N-Ans’/N-Me% 1.7 17 22 141 NS 23 1.2 1.8 1.2 NS
Ar-Go mm 81 33 77 1.2 NS 75 3.4 6.1 2.0 NS
S-Go mm 13.9 4.1 134 4.9 NS 124 3.3 120 23 NS
Ar-Go/S-Go% -06 23 -0.9 5.0 NS -02 26 26 1.7 S**
S-Go/N-Me% 1.4 2.1 09 12 NS 14 24 28 22 NS
MP-SN° -14 37 21 3.2 NS -06 28 28 24 S*
Dental relationships
Uit:L1° -18.7 128 -11.3 125 NS -219 11.7 -189 8.9 NS
U1:SN° 109 6.6 105 95 NS 12.3 9.7 127 3.6 NS
U1:APog mm 27 20 23 16 NS 34 14 27 1.2 NS
L1:MP° 93 94 95 938 NS 10.1 5.2 9.3 6.1 NS
L1-NB mm 28 20 25 13 NS 25 11 21 13 NS
Pog-NB mm 25 1.2 21 11 NS 21 1.6 1.5 1.1 NS
Overjet mm -0.2 0.8 01 13 S* -0.8 1.3 09 141 S
Overbite mm 23 18 25 11 s* 1.2 22 1.7 17 S*
Soft tissue relationships
NB:Ls-Pog™® -3.1 40 -1.0 28 NS -3.6 4.0 -1.5 3.0 NS
GlI-SLs-Pog’ 29 29 -23 37 S 32 42 -2.8 3.1 Shi
Ls:Pr-Pog’ mm 05 17 -1.3 11 S -1.3 1.8 21 14 S*
Li:Pr-Pog’ mm 04 1.9 -05 1.6 NS -06 2.0 -0.5 1.6 NS

X = Mean; S.D. = Standard deviation; P = probability; NS = Not significant; $* = Significant at < 0.05 and S** at < .01

Longitudinal comparisons (Table 6)

Growth profile: No significant differences were
present in the shapes of the curves between the
Class II division 1 and normal individuals in ei-
ther males or females in all measurements of face
heights and relationships.

Growth magnitude: In both males and females
the magnitude of the growth curves of the verti-
cal linear dimensions were larger in normals
than in Class II division 1 subjects. The corre-
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sponding ratios also reflected these differences.
Changes in dental relationships (Figure 7A-B)

Cross-sectional comparisons (Tables 2-5)

Of the six parameters describing the dental re-
lationship at each of the three stages, only over-
jet was significantly larger in the Class II division
1 males and females when compared with the
corresponding normals. No other parameter was
significantly different. When the total changes
between Stages I and III were compared, there
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Changes in the dentofacial structures

Figure 5A-B

Changes in ANB and skeletal facial con-
vexity (NAPog) angles in males and fe-
males.

Figure 6A-C

Changes in anterior face heights (N-
Ans’/N-Me%) posteriorface heights (Ar’-
Go/S-Go%) and mandibular plane incli-
nation (MP:SN°).
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Figure 6C

Figure 7A-B
Changesin overjetand interincisal angle
(U1:L1) in males and females.

Figure 8A-C

Changes in the angle of soft tissue con-
vexity (Gl-Sis-Pog’), upper (Ls:Pr-Pog’)
and lower (Li:Pr-Pog’) lip protrusion.
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was a small but significant decrease in overjet in
the Class II division 1 group accompanied by a
significant increase in overbite in both males and

females.
Longitudinal comparisons (Table 6)

Growth profile: No significant differences were
present in the shapes of the curves between the
Class II division 1 and normal individuals in ei-
ther males or females in all dental relationships.

Growth magnitude: In both males and females

Figure 8B

Figure 8C

the magnitude of the curves for overjet and
Pog:NB were larger in Class II division 1 indi-
viduals than in normals. The curve for overbite

was larger in Class Il females and the curve for

L1:NB was larger in normals.

The Angle Orthodontist

Soft tissue relationships (Figure 8A-C)
Cross-sectional comparisons (Tables 2-5)
At Stage I in both males and females the
Holdaway soft tissue angle (NB:Ls-Pog) was
larger in Class II division 1 subjects than in
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Table 6
Results of longitudinal comparisons of curve profile and magnitude
between Class Il division 1 and normal males and females
Males Females
Variable Parallelism Magnitude Parallelism Magnitude
Cranial base
NSO° NS N> Il (8*%) NS NS
SN mm NS NS NS NS
SO mm NS NS NS NS
NO mm NS NS NS NS
Maxillary complex
SNA° NS NS NS NS
Ans-Pns mm NS N> 1l (§*) NS N> Il (§8%)
Mandible
SNB° NS NS NS NS
SNPog°® NS NS NS NS
FH:N-Pog° NS NS NS NS
SWPog° NS NS NS N> It (§*7)
Ar-Pog mm NS N> Il (8*%) NS N> (8*)
Maxilla-mandible
ANB®° NS II>N (8% NS II>N (8%
NAPog° NS II>N (8% NS <N (8%
N-Ans’ mm NS NS NS NS
N-Me mm NS N> Il (8*) NS N>l (8**)
N-Ans’/N-Me% NS Il >N (8*)) NS NS
Ar-Go mm NS N> Il (58*) NS N>II (S**)
S-Go mm NS NS NS NS
Ar-Go/S-Go% NS N>l (8) NS N>II (8*%)
S-Go/N-Me% NS II>N (8*) NS >N (S**)
MP-SN° NS N> Il (8*) NS N>II (S**)
Dental relationships
U1:L1° NS NS NS NS
U1:SN° NS NS NS NS
U1:APog mm NS NS NS NS
L1:MP° NS NS NS NS
L1-NB mm NS N>II (S*) NS NS
Pog-NB mm NS >N (S*) NS lI>N (S%)
Overjet mm NS II>N (S*) NS II>N (5%)
Overbite mm NS NS NS II>N (5%)
Soft tissue relationships
NB:Ls-Pog' NS =N (S*) NS >N (S%)
Gl-SLs-Pog’ NS NS NS N>l (8**)
Ls:Pr-Pog’ mm S — 0.0010 —
Li:Pr-Pog’ mm NS NS NS NS
NS = Not significant; N = Normalis; | = Class II/1; S* = Significant at < 0.05 and S** at
<0.01
normals. The upper lip (Ls:Pr-Pog’) was more
protrusive in Class II division 1 males, while the
lower lip (Li:Pr-Pog’) was more protrusive in fe-
males. At Stage II there were no significant dif-
ferences between Class II division 1 and normals
in both males and females. At Stage III, Class 11
division 1 females had a significantly larger
angle of convexity (GI-SLs-Pog’) and a more pro-
trusive upper lip (Ls:Pr-Pog’). Comparisons of
the total change from Stage I to Ill indicated that
64 The Angle Orthodontist Vol. 67 No.1 1997

the soft tissue facial convexity and upper lip pro-
trusion increased significantly in the Class II di-
vision 1 individuals while it decreased in the
normals. This occurred in both males and fe-
males.

Longitudinal comparisons (Table 6)

Growth profile: All the growth profile compari-
sons were not significantly different between the
Class II division 1 and normal individuals, with
the exception of the growth profile for upper lip
protrusion (Ls:Pr-Pog’). These differences were
present in both males and females.

Growth magnitude: In both males and females
the magnitude of the growth curves for the
Holdaway soft tissue angle (NB:Ls-Pog’) and soft
tissue angle of convexity (Gl:Sls:Pog’) were sig-
nificantly larger in Class II division 1 than nor-
mal individuals.

Discussion

The findings from the literature indicated that
the presence of a Class II division 1 malocclu-
sion can be associated with any one or combina-
tion of the following conditions:'**

1. Maxillary skeletal protrusion with or with-
out a long maxilla;

2. Maxillary dental protrusion;

3. Mandibular skeletal retrusion with or with-
out a short mandible;

4. Mandibular dental retrusion; and

5. Obtuse cranial base angle.

This Jack of consensus regarding the dentofacial
characteristics of Class II division 1 subjects is
an indication of the large variation within this
population.’®® Such variation is understandable
because of the dental, skeletal and soft tissue in-
teractions that can lead to a discrepancy that is
often described solely in terms of the dental oc-
clusal relationship.

As aresult, the possibility exists that either ran-
domly or by design, the different studies on
Class II division 1 individuals might have more
or less of one type of skeletal and/or dental
malrelationships. This is because the only com-
mon denominator between the individuals
evaluated in these studies was based on the den-
tal classification of the Class Il division 1 maloc-
clusion.

In addition, most of these studies are cross-sec-
tional in nature, which further complicates the
clinical picture. The findings in the present in-
vestigation point to the fact that when the same
parameter is evaluated on a cross-sectional ba-
sis at different ages, the results may indicate sig-
nificant differences at one age but not at another
(Tables 2-5). Therefore, when possible, it is im-



portant to evaluate “growth trends” on a longi-
tudinal basis. The advantage of such longitudi-
nal evaluations is that they provide for a more
comprehensive understanding of whether the
growth trends in Class II division 1 untreated
subjects are significantly different from those of
untreated normal subjects.

Another factor that confounds the evaluation
of untreated Class II division 1 individuals is that
the more severe cases often seek treatment at an
earlier age. In the present study, 7 out of 41 pa-
tients in the original Class Il sample were treated
for their malocclusion before the complete erup-
tion of the permanent dentition, i.e., in the mixed
dentition. As a result, one might assume that the
present sample does not include the full range
of Class II division 1 malocclusions, i.e., the rela-
tively more severe cases. Obviously not treating
these individuals just to study their growth
trends would have posed a serious ethical prob-
lem. As a result, the reader needs to consider this
potential limitation when interpreting the
present findings.

Cross-sectional comparisons (Tables 2-5)

The present findings indicate that, on a cross-
sectional basis, there were very few consistent
significant differences from one stage of devel-
opment to the other when the Class 1l division 1
and normal subjects were compared. Of interest,
mandibular length (Ar-Pog) was significantly
shorter in the Class II division 1 subjects when
compared with the normal subjects, only in the
earlier stages of development. By the time the
permanent dentition has completely erupted, the
differences in mandibular length were not sig-
nificant. This finding might suggest the possibil-
ity of a late “catch up” growth period occurring
in the Class II division 1 subjects.

Longitudinal comparisons (Table 6, Figures 2-8)

As detailed earlier, the growth trends can be
described in two ways: growth profile, i.e., di-
rection of change, and growth magnitude, i.e.,
amount of change.

Growth profiles: One of the most interesting find-
ings in the present study was that the longitudi-
nal comparisons of the growth profiles of the
various dentofacial structures in Class II division
1 and normal subjects were essentially similar.
In other words, the general growth direction of
the cranial base, maxillary, mandibular, dental
and soft tissue structures describe similar growth
trends. The only exception was in upper lip pro-
trusion, which had significantly different growth
profiles in the two groups.

Growth magnitude: Comparisons of the total
amount of growth changes indicated that there

Changes in the dentofacial structures

were numerous significant differences between
the Class Il division 1 and the normal subjects.
The overall changes in maxillary and mandibu-
lar lengths were larger in normal males and fe-
males when compared with the corresponding
Class II division 1 subjects, while the curve mag-
nitude for SWPog for Class Il females was sig-
nificantly smaller. On the other hand, the curve
magnitudes for the ANB angle, the angles of
skeletal and soft tissue convexities (NAPog,
NB:Ls-Pog’, GI-SLs-Pog’} were significantly
larger in the Class II division 1 subjects when
compared with normals.

These findings indicate that, in general, Class
Il division 1 and normal subjects have essentially
similar growth trends, but the overall magnitude
of the growth changes may differ in a few pa-
rameters.

Conclusions

The findings from the present study indicate
that:

1. In the cross-sectional comparisons there
were few consistent differences between the
Class II division 1 and normal subjects. The dif-
ferences in mandibular length and position were
more evident in the early stages of development
than at the later stages. This may indicate the
possibility of a “catch up” period in mandibular
growth in Class II division 1 subjects at the later
stages of development.

2. The longitudinal comparisons of the growth
profiles indicated that the growth trends are es-
sentially similar between Class II division 1 and
normal subjects in the various dentofacial param-
eters compared except for upper lip protrusion.

3. The comparisons of growth magnitude
(amount of growth) pointed to a number of sig-
nificant differences indicating the presence of
greater skeletal and soft tissue convexities in
Class Il division 1 subjects accompanied by a ten-
dency for a more retruded mandible.

4. The growth of the cranial base parameters
evaluated were essentially similar in Class II di-
vision 1.and normal subjects.

5. In Class II division 1 subjects, the angle of
skeletal convexity decreased with growth, while
the soft tissue convexity increased with growth
when compared with normal subjects.

6. Describing the skeletal dysplasia that might
accompany the Class Il division 1 malocclusion
as a “skeletal Class 11”7 is of limited diagnostic
value and does not help in treatment planning.
This is because of the presence of a broad range
of skeletal as well as dental maxillary / mandibu-
lar relationships.
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