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edge of the skeletal and dental components

that contribute to a particular malocclusion
is essential because these elements may influence
the approach to treatment.

The dentoskeletal morphology of Class II mal-
occlusion has been analyzed in a number of
cephalometric investigations.»* The value of
these studies is limited, however, by the follow-
ing factors: (1) No clear definition of Class II mal-
occlusion; the demarcation between Class II and
Class I, especially in the mixed dentition, is
vague;® (2) No differentiation between Class II
division 1 and Class II division 2 cases;'®? such
a differentiation is most important, as division 2
subjects may have a specific craniofacial mor-
phology;®® (3) Insufficient sample size; this is

In dentofacial orthopedics a thorough knowl-

especially true when evaluating Class II division
2 malocclusions. Furthermore, the influence of
maturation (age) on the dentoskeletal morphol-
ogy has been neglected in most of the studies.

The aim of the present cephalometric roent-
genographic study was to compare large samples
of well defined Class 1I division 1 and Class II
division 2 malocclusions. Children at the ages of
8-10 years and 11-13 years were evaluated.

Materials and methods

The patient files of three university orthodon-
tic departments, (Giessen and Marburg in Ger-
many and Malmo in Sweden), as well as of two
private orthodontic practices (in Wiesbaden and
Frankfurt, Germany) were screened. All Class I1
division 1 (n=347) and division 2 (n=156) sub-

Original Article

Abstract

Key Words

morphology ¢ Age groups
Submitted: January 1996

Revised and accepted: May 1996

A comparison of dentoskeletal morphology in 347 Class |l division 1 and 156 Ciass Il division 2 malocclusions was
performed using lateral cephalometric radiographs. Children at the ages of 8-10 years and 11-13 years were evaluated. The
resuits of the study revealed broad variations in the variables analyzed. Skeletal Class |l and Class lil as well as hypo- and
hyperdivergent maxiliary/mandibular jaw base relationships were seen in both malocclusion samples. Noteworthy was the
high frequency of cases with mandibular retrusion (Class Il division 1 sample: 48% of the younger and 29% of the older
subjects; Class Il division 2 sample : 48% of the younger and 49% of the older subjects) and a short lower face (97% - 100%).
In conclusion it can be said that, except for the position of the maxillary incisors, no basic difference in dentoskeletal
morphology exists between Class Il division 1 and Class Il division 2 malocclusions.

Class |l division 1 malocclusion ¢ Class Il division 2 malocclusion * Roentgenographic cephalometry ¢ Dentoskeletal
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Table 1
Distribution of 347 Class Il division 1
and 156 Class ll division 2 subjects

Subjects Class I, 1 Class Ii, 2
8-10yrs  11-13 yrs 8-10yrs  11-13 yrs
Males 114 58 54 33
Females 124 49 32 37
Total 240 107 86 70
Table 2

Digitizing (ME-dig) and total (ME-tot) errors in the
evaluation of Class Il division 1 (examiner BH) and
Class Il division 2 (examiner KH) malocclusions

Variables Class li div 1 Class Il div 2
ME-dig ME-tot ME-dig ME-tot
SNA 0.16 0.97 0.13 0.64
SNB 0.15 0.87 0.10 0.52
SNPg 0.15 0.88 0.11 0.47
ANB 0.07 0.37 0.08 0.32
ANPg 0.09 0.29 0.10 0.33
ML/NSL 0.15 1.05 0.15 0.57
NL/ML 0.14 0.71 0.20 0.56
FH Index 0.11 0.55 0.09 0.32
U1/NL 0.27 1.30 0.22 1.67
L1/ML 0.33 1.46 0.42 1.32
Figure 1

Reference points and
lines used inthe cepha-
lometric analysis.
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jects who were between 8 and 13 years old and
who fulfilled the following requirements (as deter-
mined on pretreatment dental casts) were selected:

1. Bilateral distal molar relationships of more
than one-half cusp width when the deciduous
lower second molars were still present. (This
applied to both Class 1I division 1 and Class Il
division II cases.)

2. Bilateral distal molar and canine relation-
ships of at least one-half cusp width when the
permanent teeth in the lateral segments had
erupted. (This applied to both division 1 and di-
vision 2 cases.)

3. Proclination of the maxillary front teeth with
an overjet of more than 5 mm (Class II division
1 cases only).

4. Retroclination of the maxillary front teeth (at
least of the two central incisors) and deepbite
(Class II division 2 cases only).

While subject selection was based on the analy-
sis of pretreatment dental casts, dentoskeletal
morphology was assessed on pretreatment
cephalometric roentgenograms. Subjects were
divided into two age groups: 8-10 years and 11-
13 years. Distribution of the subject material is
seen in Table 1.

In the evaluation of dentoskeletal morphology
in the two malocclusion samples, reference data
from two cephalometric standards, the Michigan
data® and the London data,®® were used for com-
parison.

All measurements on the profile roentgeno-
grams were performed on matte acetate tracing
film. Reference points were marked with a finely-
sharpened All-Stabilo pencil (Schwan-Stabilo,
Germany). Points were transferred from the trac-
ings to a computer using the Scriptel digitizer
(Scriptel Corp, Columbus, Ohio, USA). The
evaluation was done with the Dentofacial Plan-
ner 5.3 (Gemetek, Erding, Germany). All linear
measures were corrected for radiographic en-
largement ranging from 7% to 11%.

The reference points and lines used are shown
in Figure 1. The cephalometric analysis com-
prised the following variables:

Sagittal jaw position and jaw relation

1. Maxillary position (SNA)

2. Mandibular position (SNB)

3. Mandibular position (SNPg)

4. Maxillary /mandibular relation (ANB)

5. Maxillary/ mandibular relation (ANPg)
Vertical jaw position and jaw relation

6. Mandibular plane angle (ML/NSL)

7. Maxillary / mandibular relation (NL/ML)

8. Facial height (FH) index: (Sp” - Gn/N - Gn)

x 100
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Table 3
Cephalometric records describing dentoskeletal morphology in 347 Class Il division 1 and 156 Class ll division 2
malocclusions. Subjects were divided into two groups: younger, 8-10 years old, and older, 11-13 years. Statistical
difference (D) between malocclusions, as well as age, was assessed
Variables Age Class Il div 1 Class Il div 2 Class Il div 1/2
Years Mean SD  Age (D) Mean SD Age (D) (D)
SNA 8-10 79.4 3.4 n.s. 78.3 2.8 n.s. *x
11-13 80.0 3.5 78.9 3.1 *
SNB 8-10 73.4 3.1 i 73.2 2.7 n.s. n.s.
11-13 74.7 3.3 73.7 2.7 *
SNPg 8-10 743 3.1 o 74.7 2.9 n.s. n.s.
11-13 75.8 3.6 75.2 2.8 n.s.
ANB 8-10 6.0 1.9 *E 5.1 1.9 n.s. **
11.13 5.3 2.1 5.2 2.0 n.s.
ANPg 8-10 5.1 23 fal 3.6 24 n.s. o
11-13 4.2 2.6 3.7 23 n.s.
MU/NSL 8-10 34.6 4.9 ** 32.7 4.5 n.s. **
11-13 33.2 5.5 33.0 6.0 n.s.
NL/ML 8-10 25.9 4.8 n.s. 223 4.3 n.s. e
11-13 24.9 5.3 223 6.1 **
FH Index 8-10 458 2.0 n.s. 47.0 1.8 n.s. e
11-13 46.0 2.0 47.0 2.1 o
U1/NL 8-10 1145 6.1 n.s. 93.1 6.5 n.s. e
11-13 114.3 6.7 93.0 52 e
L1/ML 8-10 97.8 6.1 n.s. 90.5 5.2 n.s. i
11-13 98.4 7.4 89.9 7.4 rrx
Significance level: *5%; **1%; ***0.1%; n.s. not significant

Tooth position

9. Upper incisor position (U1/NL)

10. Lower incisor position (L1/ML)
Statistical methods

All statistical calculations were performed with
the program Microsoft Excel 4.0. In the presen-
tation of the results, the arithmetic mean (Mean),
standard deviation (SD), maximum (Max), and
minimum (Min) are given for each cephalomet-
ric variable. Unpaired #-tests were performed to
assess differences between malocclusion groups
as well as between age and gender groups. The
levels of significance used were P < 0.001 (***), P
< 0.01 (**) and P < 0.05 (*). P > 0.05 was consid-
ered not significant (n.s.).
Method error

A single examiner performed all the registra-
tions for one malocclusion sample. (BH analyzed
the division 1 subjects and KZ analyzed the di-
vision 2 subjects). Radiographs of 20 cases ran-
domly selected from each malocclusion group

were traced and digitized a second time after an
interval of several days. The method error (ME)
for each variable was calculated using the for-

2
mula: ME= ,’;2(:— where 4 is the difference be-

tween two registrations of a pair and n is the
number of duplicate registrations. The digitizing
error (ME-dig) and the total error (ME-tot) com-
prising both the tracing and digitizing errors
were calculated. The results are seen in Table 2.

Results

When comparing males and females in the two
malocclusion samples as well as the two age
groups, no statistically significant differences
were found for any of the variables. Therefore,
with respect to gender, the samples were pooled.

The records of the skeletal and dental variables
describing the morphology of the Class II divi-
sion 1 and Class II division 2 malocclusions are
shown in Table 3 and Figures 2-11.

The Angle Orthodontist

Vol. 67 No. 2 1997

113



Pancherz; Zieber; Hoyer

) Maxillary position Maxillary position
°° %
100
8-10y. | l:1] 12 100 1113 y.[ 11:1 | D:2
Mean 79.4| 78.3 Mean 80.0| 789
5] e LI o L 80 LIS O bk
N 240 86 N 107 | 70
60 London | 754 60 ol I
a0 Retrusion Protrusion 20~ Retrusion Protrusion
23 1
20— 15 0 \ 20 13 13
e ] e
0 0
< 76 76.5 - 83.5 > 84 <76 76.5 - 83.5 > 84
SNA (degrees) SNA (degrees)
Figure 2A Figure 2B
Mandibular position Mandibular position
% %
100 8-10y. | il:1 | l:2 100 11-13 y.| 111 | 11:2
Mean 73.4 | 73.2 Mean 74.7 | 73.7
80 - Max. 826 | 80.1 80 Max. 855 | 79.4
Min. 65.9 | 66.0 . 68 Min. 67.7 | 68.0
RetrUSion N 240, 86 Retru5|0n N 107 70
60- sz || T 60- o] 12
as as a7 : 49 5 .
Protrusion Protrusion
40 407 g
20 15 20
3
<73 73.5 - 80.5 > 81 <73 73.5 - 80.5 > 81
SNB (degrees) SNB (degrees)
Figure 3A Figure 3B
Figure 2A-B Sagittal maxillary position (SNA) mandibular retrusion) were found between the
Distribution of the SNA

angle in Class Il divi-
sion 1 and Class |l divi-
sion 2 samples.

A: Age 8-10 years.

B: Age 11-13 years.

Figure 3A-B
Distribution of the SNB
angle in the Class|l divi-
sion 1 and Class Il divi-
sion 2 samples.

A: Age 8-10 years.

B: Age 11-13 years.
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Compared with the Michigan® and London®
reference data, the SNA angle was, on average,
smaller in both the division 1 and division 2
samples (Figure 2). SNA was also smaller in both
age groups of the division 2 sample than in the
division 1 (Table 3) and the frequency of subjects
with maxillary retrusion was higher (Figure 2).
No age differences were found for SNA (Table
3) or for the frequency of subjects with maxillary
retrusion (Figure 2) between the samples.
Sagittal mandibular position (SNB, SNPg)

Compared with the Michigan® and London®
reference data, the SNB and SNPg angles were,
on average, smaller in both malocclusion
samples (Figures 3 and 4). In the older groups,
SNB was smaller in the division 2 sample than
in the division 1 (Table 3) and the frequency of
subjects with mandibular retrusion was higher
(Figure 3B). In the younger groups, no differ-
ences (SNB angle, frequency of subjects with

Vol. 67 No. 2 1997

two malocclusion samples (Table 3, Figure 3A).
SNB angle was smaller in the Class II division 1
sample than in the division 2 group (Table 3) and
the frequency of subjects with mandibular retru-
sion was higher (Figure 3) in the younger group.
In the division 2 group, no age differences were
found (Table 3, Figure 4).

When using the SNPg angle to evaluate sagit-
tal mandibular position, a pattern similar to that
of SNB was found (Table 3, Figure 4).

Sagittal maxillary/mandibular relationship
(ANB, ANPg)

Compared with the Michigan® and London®
reference data, the ANB and ANPg angles were,
on average, greater in both malocclusion samples
(Figures 5 and 6). ANB was larger in the younger
group in the division 1 sample (Table 3) and the
frequency of subjects with skeletal Class II rela-
tionships was higher (Figure 5). In the older
group, no differences (ANB angle, frequency of
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Figure 5B).

No age differences were found in the Class II
division 2 sample (Table 3, Figure 5).

When using the ANPg angle to evaluate max-
illary/mandibular relationships, a pattern simi-
lar to that of ANB was found (Table 3, Figure 6).
Mandibular plane angle (ML/NSL)

Compared with the Michigan* and London®
reference data, the ML/NSL angle was, on av-
erage, smaller in both malocclusion samples (Fig-
ure 7). In the division 2 sample, ML/NSL was
smaller (Table 3) and the frequency of low angle
subjects was higher (Figure 7A) in the younger
group than in the older one. The opposite was
true with respect to the frequency of high angle
subjects. No differences (ML/NSL angle, fre-
quency of high and low angle subjects) between
the malocclusion samples were found in the
older age group (Table 3, Figure 7B).

subjects was higher (Figure 7) in the older group.
No age difference was found for the frequency
of high angle subjects. In the division 2 sample,
ML/NSL was comparable (Table 2) in the older
and younger groups while the frequency of low
and high angle subjects was higher (Figure 7) in
the older group.
Vertical maxillary/mandibular relation (NL/ML)
Compared with the Michigan® and London®
reference data, the NL/ML angle was, on aver-
age, smaller in both malocclusion samples (Fig-
ure 8). In the division 2 sample, NL/ML was
smaller in both age groups (Table 3) and the fre-
quency of hypodivergent subjects was higher
(Figure 8) than in the division 1 sample. In nei-
ther of the two malocclusion samples was an age
difference found for NL/ML (Table 3) or for the
frequency of hypodivergent subjects (Figure 8).

The Angle Orthodontist Vol. 67 No

angleinthe Classll divi-
sion 1 and Class Il divi-
sion 2 samples.

A: Age 8-10 years.

B: Age 11-13 years.

Figure 5A-B
Distribution of the ANB
angleinthe Classlidivi-
sion 1 and Class Il divi-
sion 2 samples.

A: Age 8-10 years.

B: Age 11-13 years.
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Distribution of the
ANPg angle in the
Class Il division 1 and
Class Il division 2
samples.

A: Age 8-10 years.

B: Age 11-13 years.

Figure 7A-B
Distribution of the ML/
NSL angle in the Class
Il division 1 and Class
Il division 2 samples.
A: Age 8-10 years.

B: Age 11-13 years,
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Compared with the London® reference data,
the FH index was, on average, smaller in both
malocclusion samples (Figure 9) The index was
smaller for both age groups (Table 3) in the di-
vision 1 sample than in the division 2 sample. A
short lower face existed in all division 1 and al-
most all division 2 subjects (Figure 9). In neither
of the two malocclusion samples was an age dif-
ference found for the FH index (Table 3) or for
the frequency of subjects with a short lower face
(Figure 9). Long lower face height did not exist
in any of the subjects in either of the malocclu-
sion samples.

Upper incisor position (U1/NL)

Due to the method of case selection it was natu-
ral that, compared with the Michigan® and Lon-
don® reference data, the U1/NL angle was, on
average, larger in the division 1 sample and
smaller in the division 2 (Figure 10).

However, in the division 1 sample, only 18%

Vol. 67 No.2 1997

hibited proclined maxillary incisors in accor-
dance with the cephalometric definition (Figure
10). In the division 2 sample, on the other hand,
100% of the older and 99% of the younger sub-
jects showed retroclined incisors in accordance
with the cephalometric definition (Figure 10).
Lower incisor position (L1/ML)

Compared with the Michigan® and London®
reference data the L1/ML angle was, on average,
larger in the division 1 sample and smaller in the
division 2 (Figure 11).

In the division 1 sample, incisor proclination
was present in about 50% of the subjects in each
age group while incisor retroclination was seen
in very few of the cases (0% - 3%). In the divi-
sion 2 sample, incisor proclination and
retroclination occurred at about the same fre-
quency (7% - 11%) in the two age groups (Fig-
ure 11).

In neither of the two malocclusion samples was
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an age difference found for L1/ML (Table 3) or
for the frequency of subjects exhibiting incisor
proclination or retroclination (Figure 11).

Discussion

This study of the dentoskeletal morphology of
Class II division 1 and division 2 malocclusions
was based on a large number of Caucasian chil-
dren at the ages of 8-10 years and 11-13 years. In
the majority of the children, the two age ranges
corresponded to the early and late mixed denti-
tion periods, respectively. In the orthopedic
treatment of Class II malocclusions, age may
have a decisive bearing on the choice of thera-
peutic approach, e.g., functional or fixed appli-
ances, nonextraction or extraction therapy.

In order not to be influenced by skeletofacial
morphology, subject selection was based exclu-
sively on dental cast analyses. Strict criteria for
inclusion were used. For cases in the mixed den-
tition a bilateral distal molar relationship of more
than one-half cusp width had to be present. This

applied to both Class II division 1 and Class II
division 2 cases. An end-on molar relationship
in the presence of deciduous second molars was
not considered to be a Class II'® but rather a Class
I malocclusion. 3 However, for cases in which the
permanent teeth in the lateral segments had
erupted, a bilateral distal molar and canine rela-
tionship of one-half cusp width was considered
sufficient for assigning the case as a Class Il mal-
occlusion.®

The overbite was of no importance in the se-
lection of Class II division 1 malocclusions. Thus,
both open bite and deep bite cases (with a large
overjet) were included. In the selection of Class
II division 2 malocclusions, on the other hand,
only deep bite cases (with retroclined upper front
teeth) were considered.

The findings of this study revealed that neither
Class II division 1 nor division 2 malocclusions
were single clinical entities and, with the excep-
tion of maxillary incisor position, no basic mor-
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Figure 8A-

B

Distribution of the NL/
ML angle inthe Class |l
division 1 and Class Il
division 2 samples.

A: Age 8-10 years.

B: Age 11-13 years.

Figure 9A-

Distribution of the Fa-
cial height index: (Sp -
GN/N - Gn) x 100 in the
Class Il division 1 and
Class Il division 2

samples.

A: Age 8-10 years.

B: Age 11-13 years.
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P g ]

Distribution of the U1/
NL angle inthe Class Il
division 1 and Class I
division 2 samples.

A: Age 8-10 years.

B: Age 11-13 years.

Figure 11A-B
Distribution of the L1/
ML angle in the Class Il
division 1 and Class I
division 2 samples

A: Age 8-10 years.

B: Age 11-13 years.
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malocclusions. Irrespective of the age of the sub-
jects, a broad variation in dentoskeletal morphol-
ogy prevailed in the two Class II malocclusion
samples.

In both samples the frequency of cases exhibit-
ing maxillary retrusion (viz., a small SNA angle)
was relatively high. This is in agreement with
Harris et al.’ but in disagreement with
Korkhaus,? Blair,® Rothstein,* and Rosenblum?
who found maxillary protrusion to be a domi-
nant component of Class II malocclusion. Differ-
ences in the methods of registering maxillary
position may explain the various findings.

Considering mandibular position (SNB, SNPg),
mandibular retrusion was a common character-
istic of both division 1 and division 2
Samples.5_7’9'11’]2’15’]6’18’21’23’35'36 Due to nOrmaI man-
dibular growth and development®** the fre-
quency of mandibular retrusion was expected to
be lower in the older than in the younger sub-

Vol. 67 No.2 1997

sion 1 sample, but not for the division 2. Possi-
bly due to the retroclined maxillary incisors
combined with the deep bite, mandibular growth
was restricted in the Class II division 2 subjects.
This assumption is confirmed by the observation
that in these cases dentoalveolar development
(SNB) was restrained more than basal develop-
ment (SNPg).27

It could possibly be argued that in the horizon-
tal analysis, sella-nasion-based angular indica-
tors could lead to erroneous results.? However,
when analyzing the present Class II division 1%
and Class IT division 2% material using Frankfort
horizontal-based indicators (Facial angle, A-N
Perpendiculare, PG-N Perpendiculare), similar
results with respect to maxillary and mandibu-
lar positions were found as when using S-N as a
baseline.*®* Furthermore, it is standard practice
to use the angles SNA, SNB, and SNPg for cran-
iofacial morphologic assessments. Conformity in



the usage of variables will, of course, facilitate
the communication between clinicians as well as
between research workers.

Mainly as a result of the high frequency of sub-
jects with mandibular retrusion, the two angles
describing sagittal jaw base relationships (ANB,
ANPg) were, on average, larger in the two mal-
occlusion samples. Thus, a skeletal Class II jaw
relationship was found in a large percentage of
subjects (46% - 76%).

For the Class II division 1 malocclusions, the
reduction in the number of skeletal Class II cases
with age may, as mentioned earlier, be due to
the possibility that mandibular growth was un-
restricted anteriorly. In the Class II division 2
malocclusions, on the other hand, the retroclined
maxillary incisors might hinder sagittal man-
dibular growth development.

When considering the vertical jaw base rela-
tionship, the angles ML/NSL and NL/ML in the
two malocclusion samples were, on average,
smaller in comparison with the Michigan® and
London® reference data. This is in agreement
with the findings of other studies of Class II di-
vision 2 malocclusions.?* It must be pointed
out, however, that the variation of the ML /NSL
and NL/ML in both malocclusion samples was
great. Both low angle (hypodivergent) and high
angle (hyperdivergent) cases existed. For the
Class II division 1 sample, the findings corre-
sponded to those of McNamara.’®

The average reduction of the ML/NSL angle
(Class II division 1) and increase in the number
of low angle cases (division 1 and division 2)
with age may be due to an anterior mandibular
growth rotation,®#4 which is thought to occur
especially in cases with deficient incisal sup-
port.”* However, the possibility cannot be ex-
cluded that part of the rotational effects of
mandibular growth are masked by compensa-
tory remodeling processes at the lower jaw bor-
der‘40,42

In the present investigation, short lower face
height was a consistent finding in both maloc-
clusion samples (97% - 100%). Similar results
were found in other Class II division 2%%2731%
and Class II division 1'% studies. In contrast,
excessive vertical development of the lower face
was found in the Class II division 1 studies of
Henry,"! Hunter,'2and McNamara.'®

The mandibular incisors (L1/ML) behaved dif-
ferently in the two malocclusion samples. Com-

Cephalometric characteristics of Class 1I malocclusion

pared with the reference data, they were more
proclined in the Class II division 1 group and
more retroclined in the Class 1I division 2 group.
This was thought to result mainly from dentoal-
veolar compensation® in response to mandibu-
lar retrusion (Class II division 1) and upper
incisor retroclination (Class II division 2). How-
ever, marked lower incisor retroclination in the
Class II division 2 malocclusions was found in
only 6% - 9% of the subjects. In the Class II divi-
sion 1 malocclusions, on the other hand, marked
lower incisor proclination was present in ap-
proximately 50% of the cases. In other studies,
relatively normal inclination "> and position
of the mandibular incisors was found in Class II
division 1 malocclusions.

Conclusions

This cephalometric radiographic study of 347
Class II division 1 and 156 Class II division 2
malocclusions divided into age groups 8-10 years
and 11-13 years revealed no basic differences in
dentoskeletal morphology (with the exception of
maxillary incisor position) between the two mal-
occlusion samples. Broad variations in variables
existed. In both malocclusion samples as well as
age groups mandibular retrusion was a common
finding, while short lower face height was a con-
sistent finding.

Author Address

Prof. Dr. H. Pancherz

Dept. of Orthodontics

University of Giessen

Schlangenzahl 14

D-35392 Giessen

Germany

Tel +49-641-9946121

Fax +49-641-9946119

Hans Pancherz, professor and chairman, Depart-
ment of Orthodontics, University of Giessen, Ger-
many.

Katja Zieber, assistant professor, Department of
Orthodontics, University of Giessen, Germany.

Britta Hoyer, postgraduate student, Department of
Orthodontics, University of Giessen, Germany.

The Angle Orthodontist

Vol. 67 No. 2 1997

119



Pancherz; Zieber; Hoyer

120

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

The Angle Orthodontist

References

Elsasser WA, Wylie WL. The craniofacial morphol-
ogy of mandibular retrusion. Am ] Phys Anthrop
1943;6:461-473.

Drelich RC. A cephalometric study of untreated
Class I division 1 malocclusion. Angle Orthod 1948;
70-75.

Nelson WE, Higley LB. Length of mandibular basal
bone in normal occlusion and Class I malocclusion
compared to Class II divisionl malocclusion. AmJ
Orthod 1948; 34: 610-617.

Renfroe EW. A study of the facial patterns associ-
ated with Class I, Class II division 1, and Class II
division 2 malocclusions. Angle Orthod 1948; 19:
12-15.

Gilmore WA. Morphology of the adult mandible in
Class II division 1 malocclusion and in excellent
occlusion. Angle Orthod 1950; 20: 137-146.

Craig CE. The skeletal pattern characteristic of Class
I and Class 1I division 1 malocclusions in norma
lateralis. Angle Orthod 1951; 21:44-56.

Riedel RE. The relation of maxillary structures to
cranium in malocclusion and normal occlusion.
Angle Orthod 1952; 22: 142-145.

Fisk GV, Culbert MR, Granger RM, Hemrend B,
Moyers RE. The morphology and physiology of
distoocclusion. Am ] Orthod 1953; 39: 3-12.

Blair ES. A cephalometric roentgenographic ap-
praisal of the skeletal morphology of Class I, Class
II division 1, Class II division 2 (Angle) malocclu-
sions. Angle Orthod 1954; 24: 106-119.

Altemus LA. Horizontal and vertical dentofacial
relationships in normal and Class II division 1 mal-
occlusion in girls 11 - 15 years. Angle Orthod 1955;
25:120-137.

Henry RG. A classification of Class II division 1
malocclusion. Angle Orthod 1957; 27: 83-92.
Hunter,WS. The vertical dimension of the face and
skeletodental retrognathism. Am J Orthod 1967; 53:
586-595.

Sassouni V. The Class II syndrome: differential di-
agnosis and treatment. Angle Orthod 1970; 40: 334-
341.

Rothstein TI. Facial morphology and growth from
10 to 14 years of age in children presenting Class 11
division 1 malocclusion: a comparative roentgeno-
graphic cephalometric study. Am ] Orthod 1971; 60:
619-620 (abstr.)

Harris JE, Kowalski CJ, Walker GF. Discrimination
between normal and Class II individuals using
Steiner’s analysis. Angle Orthod 1972; 42: 212-220.
Hitchcock HP. A cephalometric description of Class
II division 1 malocclusion. Am J Orthod 1973; 63:
414-423.

Moyers RE, Riolo ML, Guire KE, Wainright RL,
Bookstein, FL. Differential diagnosis of Class Il mal-
occlusions: Part I - Facial types associated with Class
I malocclusions. Am J Orthod 1980; 78: 477-494.
McNamara JA Jr. Components of Class Il malocclu-
sion in children 8-10 years of age. Angle Orthod
1981; 51:177-202.

Siriwat PP, Jarabak JR. Malocclusion and facial mor-
phology—is there a relationship? An epidemiologic
study. Angle Orthod 1985; 55: 127-138.

Kerr WJ, Ford I. The variability of some craniofa-
cial dimensions. Angle Orthod 1991; 61: 205-210.
Karlsen AT. Craniofacial morphology in children
with Angle Class II division 1 malocclusion with

Vol. 67 No.2 1997

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.
4].

42,

43.

and without deep bite. Angle Orthod. 1994; 64:437-
446.

Rosenblum RE. Class II malocclusion: mandibular
retrusion or maxillary protrusion? Angle Orthod
1995; 65: 49-62.

Korkhaus G. Uber den Aufbau des Gesichtsschidels
beim Deckbiss. Fortschr Kieferorthop 1953; 14: 162-
171.

Schwarz M. Der Deckbiss (Steilbiss) im
Fernrontgenbild. Fortschr Kieferorthop 1956; 17: 89-
103, 186-196, 258-282.

Smeets HJL. A roentgenocephalometric study of the
skeletal morphology of Class II division 2 maloc-
clusion in adult cases. Trans Eur Orthod Soc 1962;
38: 247-259.

Houston WJB. A cephalometric analysis of Angle
Class II division 2 malocclusion in the mixed den-
tition. Dental Pract 1967; 17: 372-376.

Bjork A. Prediction of mandibular growth rotation.
Am ] Orthod 1969; 55: 585-599.

Sassouni V. A classification of skeletal facial types.
Am J Orthod 1969; 55: 109-123.

Ingervall B, Lennartsson B. Cranial morphology and
dental arch dimensions in children with Angle
Class II division 2 malocclusion. Odont Revy 1973;
24: 149-160.

Droschel H. Die Morphologie des Deckbisses.
Fortschr Kieferorthop 1974; 35: 209-220.

Maj G, Lucchese FP. The mandible in Class II divi-
sion 2. Angle Orthod 1982; 52: 288-292.

Riolo M, Moyers, RE, McNamara JA Jr, Hunter SW.
An atlas of craniofacial growth. Cephalometric stan-
dards from the University School Growth Study,
The University of Michigan. Monograph No 2,
Craniofacial Growth Series. Center of Human
Growth and Development, University of Michigan.
Ann Arbor, Michigan 1974.

Bathia SN, Leighton BC. A manual of facial growth.
A computor analysis of longitudinal cephalomet-
ric growth data. Oxford: Oxford University Press.
1993.

Moyers RE. Handbook of Orthodontics. 4th Ed.
Chicago: Year Book Medical Publishers Inc, 1988.
Hausser E. Zur Atiologie und Genese des
Deckbisses. Fortschr Kieferorthop 1953; 14: 154-161.
Carter NE. Dentofacial changes in untreated Class
11, division 1 subjects. Br ] Orthod 1987; 14: 225-234.
Arvystas MG. Nonextraction teatment of severe
Class II division 2 malocclusions. Part 1. Am |
Orthod Dentofac Orthop 1990; 97:510-521.

Hoyer BU. Die dentoskeletale Morphologie der
Angle-Klasse II, 1. Diss. med. dent. (Thesis). Justus-
Liebig-Universitat, Giessen 1995

Zieber K. Die Mortphologie des Deckbisses im
Fernréntgenbild. Diss. med. dent. (Thesis). Justus-
Liebig Universitat, Giessen 1995

Bjork A, Skieller V. Facial development and tooth
eruption. Am J Orthod 1972; 62: 339-383.

Backlund E. Overbite and incisor angle. Trans Eur
Orthod Soc. 1958; 34: 277-286.

Bjork A, Skieller V. Normal and abnormal growth
of the mandible. A synthesis of longitudinal stud-
ies over a period of 25 years. Eur ] Orthod 1983; 5:
1-46.

Solow B. The dentoalveolar compensatory mecha-
nism: background and clinical implications. Br ]
Orthod 1980; 7: 145-161.



