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Analysis of dentoalveolar compensation
and discrimination of skeletal types

Ji—-Young Kim®, Tae—Woo Kim?, Dong—Seok Nahm?, Young—II Chang®

guidelines for individual skeletal types.

The purpose of this study is to analyze dentoalveolar compensation in normal occlusion samples previously :cil,a;s‘si :
types, and to provide clinically applicable diagnestic criteria for individual malocclusion patients: Cephalomet
294 normal occlusion samples previousty divided into 9 types were analyzed. The descriptive features of den
compared for the 9 types using analysis of variance, followed by: post hoc- multiple comparisons. In addkityio'n,‘:
skeletal and dentoalveolar variables were analyzed.Discriﬁﬁnant analysis with a stepwise entry of variables
several potential variables for use in skeletal typing. The dentoatveolar compensation pattern-of the skeletal types vari
regards to the variables-that indicated the inclination of incisors and the occlusal plane. Stepwise variable Sé}ec‘n )
variables: AB-'MP, SN-AB, PMA and ANB. Discriminant analysis assigned a classification accuracy:of 87.8% tq~:§he"prédicﬁye model.
On the basis of these results, this study could provide rudimentary information for the development of diagno‘stié : tenaand treatment
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dentified four

n the field of orthodontics, it has long been

I emphasized that treatment goals should be
tailored to the individual patient. Relatively large
variations in the skeletal relationship have been reported
even in normal occlusion samples.'™ This is caused by
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individual variations in the degree and the direction of
jaw growth. In addition, the development of the upper
and lower jaws is not always coordinated. Therefore,
there is a need for a mechanism to coordinate the growth
and position of the teeth relative to their jaw bases in
order to achieve and maintain a normal relationship
between the upper and lower dental arches. Solow' ter—
med this mechanism as the dentoalveolar compensatory
mechanism, and defined it as a mechanism by which the
development of the dental and alveolar arches is
controlled in order to assure the occlusion of the teeth
and their adaptation to the basal parts of the jaws. A great
deal of research has been done regarding the
dentoalveolar compensatory mechanism, with most of it
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Table 1. Distribution and relative frequency of each type membership N(%).

Hyper—divergent Typel
52 (17.7%)

Normo—divergent Type 4
19 (6.5%)

Hypo—divergent ’ Type 7
7 (2.4%)

Type @2 Type 3
48 (16.3%) 8 (27%)

Type 5 Type 6
41 (19.3%) 75 (25.5%)

Type 8 Type 9
26 (8.8%) 18 (6.1%)

in favor of a more individualized treatment approach that
is based on individual skeletal patterns.*” Many papers
have been published regarding Korean samples,
including studies of dentoalveolar compensation
according to skeletal patterns of normal occlusion.?®
Previous papers investigated dentoalveolar compen—
satory mechanism according to skeletal patterns that
were divided on the basis of anteroposterior or vertical
dimensions. However, the classification model used by
Kim' was based on a mathematical and thus more
scientific methodology, as opposed to the more
subjective criteria used by other researchers. l revealed
a wide range of normal variations in skeletal relation—
ships within norma! occlusion samples. Considering
both .anteroposterior and vertical dimensions together,
the skeletal patterns were classified into nine types.
Classifying the nine skeletal types through principal
component analysis and hierarchical cluster analysis
proved easy to interpret, as this concept referred to the
topographic nomination (Table 1). Discussion of the
nine skeletal types has been previously presented in Part
| of this series.’

On the basis of the previous: study, this article will
discuss dentoalveolar compénsation in normal
occlusion samples. Discriminant analysis with a
stepwise entry of variable selection was used to
provide clinically applicable diagnostic criteria for
individual malocclusion patients. Discriminant analysis
is a statistical technique that allows the researcher to
study the differences between two or more groups of
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objects with respect to several variables simultan—
eously. By reducing cephalometric variables and
introducing the discriminate analysis, this study aimed at
a more practical and productive method to distinguish
the specific skeletal type of the individual skeletal
pattern. Thus, classifying skeletal pattern and
establishing individual dentoalveolar treatment
objectives could provide rudimentary information to
develop new diagnostic criteria and treatment guidelines
for the malocclusion of individual skeletal types.

MATERIALS AND METHODS
The samples and the nine skeletal fypes

The identical data sets of the previous study,' 294
normal occlusion subjects consisted of 177 males and
117 females were analyzed. Definitions of each skeletal
type, previously classified into nine skeletal types, are
described as follows(Table 1).

Type 1: hyper—divergent, Class Il tendency
Type 2: hyper—divergent, Class |

Type 3: hyper—divergent, Class lll tendency
Type 4: normo—divergent, Class Il tendency
Type 5: normo—divergent, Class |

Type 6: normo—divergent, Class Il tendency
Type 7: hypo—divergent, Class Il tendency
Type 8: hypo—divergent, Class |

Type 9: hypo—divergent, Class lll tendency



Comparison of dentoalveolar measurements
between the nine skeletal types

The definitions of the cephalometric landmarks and
measurements used were previously described by Ku?
and Kim." Several variables indicating the position of the
upper incisor, the lower incisor, the premolar, the molar,
and the occlusal plane were analyzed to compare the
differences among the types by means of a one—way
analysis of variance, followed by post hoc Duncan's
multiple range comparison tests.

Correlation coefficients between the skeletal variables
(AB— MP, SN—-AB, PMA and ANB) and dentoalveolar
variables were also calculated. The four skeletal
variables were those revealed as the important variables
by means the discriminant analysis.

Stepwise variable selection and discriminant
analysis to determine skeletal typing

In the clinical setting, the fewer the variables included
in the discriminate analysis, the greater the possibility of
practical application. The purpose of stepwise selection
was to locate a more limited subset of variables that
could discriminate as well as, if not better than the full
set. In this study, the Wilks’ lambda was used as the
entry criterion. The Wilks' lambda is the ratio of the
within—group sum of the squares divided by the total
sum of the squares. Wilks' lambda is a statistic that
takes into consideration both the differences between
groups and the cohesiveness or homogeneity within
groups. Since cohesiveness is the degree to which
cases cluster near their group centroid, a variable which
increases cohesiveness without changing the separation
between the centroids may be selected over a variable
which increases separation without changing the
cohesiveness.*® Because Wiks' lambda is an inverse
statistic, we selected the variable which produced the
smallest lambda for the step given. As a result of
stepwise inclusion, four variables were selected. The
reduced four variables were treated with discriminant
analysis, which resulted in a classification function.

Finally, the accuracy of the classification efficiency of
the selected variables was obtained using the nine—by—
nine ¢ross table.

RESULTS

Comparison of dentoalveolar measurements
among the nine skeletal types

Descriptive statistics and significance notation from
the analysis of variance for dentoalveolar measurements
for the nine skeletal types are listed in Table 2—1.
Significant differences among all types were found.
Using post hoc Duncan's multiple range test showed
homogeneous subsets with statistically significant
differences (p < 0.05), where a sign of inequality indicates
the borderline between homogeneous subsets (Table 2—-
2). Because there were nine dependent variables for each
pair—wise test, it was somewhat confounding to observe
a regular sequence among those types. Therefore,
correlation analysis was used to provide a more clear and
continuous understanding of the relationship between the
skeletal variables and dentoalveolar measurements (Table
3). A strong positive correlation was found between the
anteroposterior relationship of the mandible and the
inclination of the upper and lower incisors (SN—AB ~ U1
to SN 0.615; SN—AB L1 to SN 0.756). The angulation of
the upper premolar and the molar showed a negative
correlation with PMA. On the other hand, the angulation
of the lower premolar and the molar showed a positive
correlation with AB—MP angle. The occlusal plane angle
was significantly correlated to the anteroposterior skeletal
relationship, with a more flattened occlusal plane for
Class [l patterns. However, the inter—incisal angle didn't
show any substantive and statistically significant
correlation with the anteropo—sterior and vertical skeletal
variables (Table 3).

Stepwise variable selection and discrimi—nate
analysis to determine each skeletal type

Stepwise variable selection generated a four—
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Table 2-1. Type means and standard deviations for dentoalveolar measurements: upper incisor

102.7 £ 47 1041 £ 56

Upper and Lower Incisor

Ul to SN

Ul to FH 1115 £ 46
Ul to PP 1117 £ 48
L1to SN 478 £ 46
L1toFH 56.5 = 4.6
L1toNB 30.2 £ 4.2
L1 to MP 96.1 £ 4.3
Inter—incisal angle 125.1 £ 7.1
Premolar and Molar

U4 to PP 885 %32
Ub to PP 85.3 £ 4.0
U6 to PP 80.6 £ 45
U7 to PP 732163
L4 to MP 827t 44
L5 to MP <814 £40
L6 to MP 79.8 £ 4.0
L7 to MP 83.7 £ 5.2
Occlusal Plane

SN-OP 19.0 £ 30
FH-OP 102 £ 30
PP-OP 99 %28

MP-0OP 171 £29
AB-OP 910 2.1

1135 £ 49
1126 £ 49
517 £ 47
612 £ 54
27052
914 + 45
1276 £ 87

894 £ 35
85.6 £ 3.9
81248
729 £ 6.7
80.1 £ 4.3
795 +3.6
782 %33
83.1%39

182 %31
88£28
97x28

187+ 25
93522

107.0 £ 2.8
115.7 £ 4.1
1150 £ 4.0
58.6 £ 4.9
674 £ 40
22535
85.9 + 4.3
1316 £ 6.1

920 £38
873 £51
819 £53
74354
79.6 £ 4.1
773+ 44
785 44
837t 41

169+ 29
81*20
8.9t 1.7

187 3.2
98.9 £ 1.3

988 £ 40
108.1 £ 3.0
109.0 £ 45
447+ 42
540 = 4.2
31.2+39
100.1 £ 4.4
1259 £ 53

88.3 43
84329
794 £ 45
715+ 66
85.0 £ 3.3
832t 36
824 £ 32
86.4 £ 3.7

20.2 £ 3.2
109 £ 35
9923

150 £ 2.2
885 %25

1044 £49 1078 £55 101.2 43 1089 £53 1084 48

1129 £51 11569%52 1079+ 24 116056 116961 ==
1133 £ 4.8 1153 4.7 1096 £3.7 1157 £59 1146 £ 65 ==
505+ 55 565150 505%48 561%55 61963 =
590 +53 646+49 57255 63251 705+59 =
291147 252146 294F48 262%52 21146 =
992%54 931%46 103331 100655 94146 =
1261 £85 128776 129367 1272%93 1336 £ 87 =

911*39 915+£36 91.7£29 931*39 93040 =
873t41 887*36 886%31 892%45 89638 =
832+46 846136 850%44 865*48 846144 =
76460 772%58 782%51 798%66 T784L69 =
855+42 817%37 880%27 838£38 851%37 =
843+ 38 8L1+4l 867+19873%£35 845+32 =
820+ 35 806%39 840%25 862*46 836+38
87049 845+45 888+25 888f52 89444

159+31 141%32 140+31 12131 114%42
7429 60%30 7309 50%29 29%40 =
7029 66+24 56+t24 53124 52£35 =

144227 163+26 122+32 112+34 125227 =
90221 939+23 848+%28 912%X29 941+22 =

p value calculated by one way ANOVA test.* p < 0.05, ** p < 0.01 Statistically significant difference.

variable (AB—MP, SN—AB, PMA, ANB) model that
produced the most efficient separation between the
nine types (Table 4). Since we have used Wilks’ lambda
as the entry criterion, variables that produced the
smallest lambda for each step were selected. The F
value associated with the change in Wilks’ lambda (F—
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to—remove) is listed in Table 4. Maximum F to remove
was set at 2.71.

Theoretically, though nine groups with many
discriminating variables can produce a maximum of
eight (9—1 = 8) discriminant functions, there were four
functions with nonzero eigenvalues (Table 5). When



Table 2-2. Duncan's multiple range test for nine—type comparisons

Upper and Lower Incisor

Ulto SN
Ul to FH
Ul to PP
L1to SN
LltoFH
L1toNB
L1toMP
Inter—incisal angle
Premolar and Molar
U4 to PP
U5 to PP
U6 to PP
U7 to PP
L4 to MP
L5to MP
L6 to MP
L7 to MP
Occlusal Plane
SN-0OP
FH-OP
PP-0OP
MP-0OP
AB-OP

47<7125<253<536<3698
74<152<52368<23689
471<712<125936<259368
41<175<752<863<9
417<175<52<28<86<63<39
93<36<682<8257<2571<5714
3<269<691<15<548<487
1458267<4582673<6739

412<256739<567398
412<2357<357689
4123<1235<35697<6978
4213<21356<35679<56798
326<261<149<495<57<78
32<614<145<459<597<78
2315<645<4597<978
23164<645<45879

98<876<765<53<321<21+4
9<86<6753<7532<5321<21<K14
98765<3214
879<54<46<61<123
7<4<518<269<3

A sign of inequality is the borderline between the homogeneous subsets.

these functions were ranked, the first proved to have the
most discriminating power, while the second was also
useful. This is because the size of the eigenvalue is
related to the discriminating power of that function: the
larger the eigenvalue, the greater the discrimination.”
Since the first and second eigenvalue were more than
hundred times larger than the third and fourth, only the

first two functions were admitted to be statistically
significant. Further, the relative percentages (computed
by adding all the eigenvalues and then dividing this into
each individual eigenvalue) were listed in the third
column of Table 5 and cumulative percentage in the
fourth column. Thus, the first two functions contained
99.9% of the total discriminating power. Substantive

Vol. 33. No. 6. 2003. Korea. J. Orthod




Upper and Lower Incisor

Ul to SN

Ul to FH

Ul to PP
L1to SN

L1 to FH
L1toNB

L1 to MP
Inter—incisal angle
Premolar and Molar
U4 to PP

U5 to PP

U6 to PP
U7to PP

L4 to MP
L5to MP

L6 to MP

L7 to MP
Occlusal Plane
SN-OP
FH-OP
PP-0OP

0.615
0.479
0.328
0.756
0.638
—0.455
-0.300
0.189

0.279
0.302
0.314

0.265

-0.084
-0.033

0,052

0.035

-0.733
-0.575
—0.380

*k
*¥

ok

%
*%
*k
**
NS
NS
NS
NS

&%

—0.318
-0.358
-0.264
—0.551
-0.588
0.583
0.390
-0.230

-0.229
-0.232
—0.194
—0.108
0.137
0.121
0.032
-0.029

0.304
0.378
0.255

ok -0.164 == -0.173 =
ok -0.119 = -0.241 ==
- —-0.259 == —-0.195 =
ok -0.310 = -0.178 =
ok ~0.274 = —-0.234 =
ok 0.195 = 0.192 =
*x —0.346 = 0.674  *x
s —0.140 *x -0.025 NS
*x -0.519 == 0.065 NS
- —0.473 #* 0.031 NS
- -0.469 =* 0.082 NS
NS —-0.403 =x 0135 =
* -0490 0.612 =
* -0518 0.598 =
NS —0.531 == 0.539 ==
NS —0.403 = 0425 =
% 0.390  *= -0.106 NS
- 0.359 = -0.030 NS
% 0.636 = -0.127 =«

NS: statistically not significant, * p < 0.05, #* p <0.01

Table 4. The result of stepwise variable selection procedure. At
each step, the variable that minimizes the overall Wilks'
Lambda was entered. Maximum partial F to remove was
setat 2.71

AB-MP 28.988
SN-AB 99.453
PMA ‘ 7.246

ANB © 5292

062

- 056

041
039

HA12%)  ciaEn 333 62, 2003

utility of a discriminant function-could be also examined
by the canonical correlation coefficient. This coefficient
is a measure of association that summarizes the degree
of relation between the groups and the discriminant
function. Higher coefficients (0.905, 0.896 respectively)
were found for the first two functions, which indicated
that a strong relationship exists between the types and
the first two discriminant functions (Table 5). The first
two discriminant function were as follows:

Function 1 = —0.035(SN-AB) + 0.175(ANB) ~
0.049(PMA) + 0.453(AB—MP)—29.304



Table 5. Eigenvatues and measures of importance for the four discriminant functions. There were four nonzero eigenvalues, and they have

been presented in the order of descending magnitude

1 4.523 524
2 4.050 47.0
3 040 5
4 011 1

52.4 906
99.4 896
99.9 195
100.0 106

Table 6. Standardized Canonical Discriminant Function Coefficients

AB-MP 858 155
SN-AB —-.085 714
PMA —-.123 —.494
ANB .205 —-.314

—-.416 .687
441 621
-.367 957
1.007 —-.105

Table 7. Simple classification coefficients by Fisher's linear discriminant functions

AB-MP 35.321 34.402 33.097 36.473
SN-AB 18.031 18.312 19.061 17.638
PMA 15.579 15.572 15.149 15.599
ANB —-7.925 -8.714 -10.147 -7.869
Constant —2116.007 -2068.695 -2029.582 -2173.621

36.191 34.903 38.064 36.937 35.971
18.543 19.119 18.436 19.416 19.734
14.979 14.890 14.900 14.497 14.467
-8.274 -90.149 ~7.129 —-9.029 =-9.940
—-2200.645 -2147.397 -2345.092 -2313.322 -2264.574

Function 2 = 0.291(SN—AB) + 0.269(ANB) —
0.196(PMA) + 0.082(AB—MP)—22.721

Standardized canonical discriminant function
coefficients are listed in Table 6, which shows the
variable's contribution to calculating the discriminant
score. AB—MP (0.858) and SN—AB (0.714) showed the
largest value for functions 1 and 2 respectively. The
similarity between a single variable and a discriminant

function, namely the structure coefficient, showed that
AB—MP (0.975) carries nearly the same information as
function 1. Function 2 had the highest structure coeffi—
cient, with a variable Bjork—sum (0.744) that had not
been entered into the discriminate analysis (Structure
coefficients table not shown).

Fisher's linear combination of the discriminating vari—
ables, which maximizes group differences while min—
imizing variation within the groups, is listed in Table 7.
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Table 8. Classification matrix to portray the accuracy of the classification procedure

Type 1 43 2 0 2 4 1 0 0 0
Type 2 3 44 0 0 0 1 0 0 0
Type 3 0 0 8 0 0 0 0 0 0
Type 4 1 0 0 18 0 0 0 0 0
Type 5 1 0 0 1 36 0 2 1 0
Type 6 2 3 4 0 3 61 0 0 2
Type 7 0 0 0 0 0 0 7 0 0
Type 8 0 0 0 0 2 0 0 23 1
Type 9 0 0 0 0 0 0 0 0 18
87.8% of original grouped cases correctly classified. v

This simple classification method was expected to entail
less effort and to be more clinically practical.

Table 8 is the classification matrix used to portray the
accuracy of the classification procedure. Sum of correct
predictions, 258, divided by total cases, 294, produced
87.8% accuracy (hit ratio).

DISCUSSION

The results clearly showed a wide range of normal
variations in dentoalveolar compensation within normal
occlusion samples. In fact, this study was inspired by a
previously published paper on the subject by Casko and
Shepherd.® As mentioned previously, many current
systems of cephalometric evaluation that are limited to
mean values would classify many of these patients as
abnormal and possibly in need of correction.? They
found that the naturally occurring ANB angle in 79
Caucasian adults with normal occlusion ranged from a
3.0 to 8.0. In this study the range of ANB angle was the
same, which was also identical to the maximum value
for the acceptable compromise by Steiner." Our data,
as compared with the Casko and Shepherd's, showed

Hin 2 yn| 337 622, 2003

broader range of skeletal SN—MP angle (minimum 16.8
to maximum 45.3 versus 15 to 41) with less diverse
dentoalveolar measurements. For example, in this study
inter—incisal angle range was 125.1 to 133.6, U1 to SN
98.8t0 108.9, L1 to MP 85.9 to 103.3, whereas the data
of Casko and Shepherd’'s was 107 to 154, 93 to 120,
and 83 to 106, respectively.

The results of this study, as well as the works of Casko
and Shepherd,® Oh,? Bibby,” Goldman,"” Nasby," Bjork
and Skieller,® indicated that the proclined upper incisor is
correlated with forward the mandibular position and the
retroclined upper incisor with the backward mandibular
position. The vertical skeletal pattern was also correlated
with the retroclined incisors to form a normal occlusion.
These are well—known phenomena of the dentoalveolar
compensatory mechanism. The inter—incisal angle
showed a relatively narrow range in the nine skeletal types
and had low correlation coefficients with the
anteroposterior and vertical skeletal variables. Thus, a
relatively inert feature of the inter—incisal angle suggested
the importance of the anterior incisor relationship to form
a normal occlusion with an esthetic facial profile.

Both the anteroposterior and vertical positions of the



mandible influenced the upper premolar and molar axes
to the palatal plane angle. However, the lower premolar
and molar axes to the mandibular plane angle were
mainly influenced by the vertical mandibular position.
This observation pertains 1o the research of Chang and
Moon,' that included the relationship between tooth
axis and vertical skeletal pattern.

Variation of the occlusal plane angle was observed,
with Class |l patterns showing a steep occlusal plane and
Class lll pattern showing a flat occlusal plane. Enlow"”
previously described the compensation mechanism of
the occlusal plane adjustment during growth and
development. This result could be associated with Sim—
ons’ finding that a Class Il molar relationship changes
into a Class | molar relationship as the occlusal plane
rotates downwards and backward,”® and Jacobson's
research that shows a Class Ill changes into a Class | as
the occlusal plane rotates upwards and forward.™

The non—numerical evaluation of facial form develo—
ped by Fishman,® a graphic approach termed cephalo—
morphic analysis, is thought to be a more sophisticated
method than the template by Moorreess®™ for establi—
shing an individualized clinical diagnosis and treatment
plan. Nowadays, a lot of cephalometric analysis is
computer—based, resulting in analysis reports with
‘norms’ and ‘variations’ . Computerized cephalometric
analysis combined with nine—skeletal—typing could
produce nine kinds of polygonal charts (Figure 1 ). We
attempted to create a polygonal chart for every skeletal
type using Excel VBA (Visual Basic for Application,
Microsoft, Vancouver, WA). Although the visual appro—
ach to classify skeletal types gives us direct intuition,
mathematical computation corresponds to current the
computer—based environment more harmoniously. In
this respect, digitalizing cephalometric tracing,
automatic classification of skeletal pattern, and analy—
zing dentoalveolar characteristics with individualized
skeletal type could provide more valuable information
than just a simple ‘standardized’ analysis. In our study,
stepwise variable selection with discriminant analysis
was performed to find several potential variables for
skeletal typing and to classify the pre—determined

normal occlusion samples. This method was intended to
classify individual malocclusion patients.

As a result of the stepwise variable selection proce—
dure, four variables (AB—MP, SN—AB, PMA, ANB) were
extracted. The contribution of the individual variable to
discriminant function could be explained by standar—
dized canonical discriminant function coefficients. For
function 1, AB—MP had the largest value, whereas for
function 2, SN—AB showed the largest value, indicating
these variables have the greatest contribution to
calculating the discriminant score (Table 4). However, in
a simple bi—variant correlation between a single variable
and a discriminate function, the structure coefficient
showed that function 1 is closely related with AB—MP.
With function 2, the Bjork—sum was the most dominant
variable. Thus, function 1 could refer to the ODI
dimension, if the contribution of the palatal plane angle is
small. Function 2 could be called the Bjork—sum dimen—
sion. Therefore, the most similar variables to statistically
significant two discriminant functions create a skeletal
morphology by a term of quadrangle, composed of four
angular points (Sella, Gonion and two points of contact
formed by SN—AB and AB—MP). This quadrangle, which
classifies skeletal types, is associated with the famous
Tweed? triangle.

Using the two canonical discriminate functions within
the nine—group classification entails more labor,
although mathematical operations are not so great. We
reduced our work considerably by using simple
classification coefficients (Table 7). This result was
expected to facilitate practical classification. Retro—
spective classification of skeletal type executed by
discriminate analysis correctly classified 87.8 % of
original cases. The proportion of cases correctly
classified indicates the accuracy of the procedure and
indirectly confirms the degree of group separation.™
Since we had the nine types, and the prior probability for
these nine groups was only 11.1%, the hit ratio of 87.8%
would be a consi—derable improvement, even though it
was far from being perfect. More favorably, the types 1,
3, 7, 9, which represent skeletal extremes, showed no
incorectly classified cases (Table 8).
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Skeletal patterns are relationships over which we have borderline between non—surgical orthodontic correction
very little control in orthodontic treatment, except by the and surgical—orthodontic treatment modality, these
use of surgical techniques. However, in subjects with ranges in skeletal variation would provide an additional
normal occlusions there were wide variations among basis for differential diagnosis. When planning treatment
individuals in the anteroposterior and vertical jaw for patients with skeletal discrepancies, the decision of
relationship. In evaluating those cases that fall on the whether to include orthognathic surgery is the key to a
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successful outcome. With severe discrepancies in the
jaw relationship, orthognathic surgery is generally
required. However, for the patients with mild skeletal
discrepancies and no esthetic problems, orthodontic
treatment without surgery is often preferable. In these
cases, differential diagnosis is often difficult. This
appears to be due to lack of an objective guide for
orthognathic surgery and sufficient information on
skeletal relationships that could result in normal
occlusions by dental adjustment.

The subjects in this study were untreated adults
selected on the basis of a normal occlusion. It is rea—
sonable to ask if some of the more extreme variations
recorded in this study would result in an unacceptable
profile. In fact, soft tissue limitations not refiected in
this study are often a major factor in the decision for
orthodontic or surgical—orthodontic treatment. While
profile evaluation is, to a large degree, a subjective
assessment and was not included specificity in this
study, a subjective evaluation of the sample revealed
no patients with extremely poor or unacceptable
profiles.

While this study investigated dentoalveolar compen—
sation according to the anteroposterior and the vertical
skeletal relationships, evaluation of the transverse
skeletal relationship is recommended for a study on
dentoalveolar compensation in 3—dimensional plane. In
addition, to establish a concrete limitation of dentoal—
veolar compensation and adequate diagnostic criteria
for the individual cranial—facial relationship of the
patients, it would be desirable to increase the number of
samples and to divide the groups by gender.

In addition, an understanding of the normal variation
in natural dentoalveolar compensation would greatly
help in diagnosing and treatment planning. Especially in
defining the range of incisal inclination and degree of
occlusal plane in individuals with skeletal discrepancies
that can produce esthetic and functional results without
orthognathic surgery. Moreover, careful analysis of the
contribution of dentoalveolar compensation to treatment
resulis would explain many successes and failures in
orthodontic treatment.

CONCLUSION

In this study, the dentoalveclar pattern in the normal
occlusion sample according to the previously classified
nine skeletal types was described. The diversity was
relatively large and the compensation mechanism was
associated with previously reported data. Nine kinds of
polygonal charts were created to analyze individual
malocclusion patients. Discriminant analysis was per—
formed to establish several potential variables for skele—
tal typing, in order to facilitate practical classification for
individual malocclusion patients. The accuracy of the
classification procedure was highly acceptable when
using four discriminating skeletal variables. A more
extensive study with an individualized approach that
includes soft tissue and three—dimensional considera—
tion is expected

REFERENCES

1. Kim JY, Kim TW, Nahm DS, Chang YI. Classification of the skeletal
variation in the normal occlusion. Korea J Orthod 2003 : 33 : 141-
50.

. Ku 8J, Lee SJ, Chang YI. Dentoalveolar compensation according
to skeletal patterns of normal occlusion. Korea J Orthod 2002 :
32 91-105.

. Casko JS, Sheperd WB. Dental and skeletal variation within the
range of normal. Angle Orthod 1984 : 54 : 5-17.

4. Solow B. The dentoalveolar compensatory mechanism: back—

ground and clinical implications. Br J Orthod 1980 : 7 : 145—-61.

5. Beckmann SH, Kuitert RB, Prahi—Andersen B, Segner D, The RPS,
Tuinzing DB. Alveolar and skeletal dimensions associated with
lower face height. Am J Orthod Dentofac Orthop 1998 : 113 :
498-506.

. Fishman LS. Individualized evaluation of facial form. Am J Orthod
Dentofac Orthop 1997 : 111 : 510 —7.

. Janson GPR, Metaxas A, Woodside DG. Variation in maxillary and
mandibular molar and incisor vertical demension in 12—year—old
subjects with excess, normal, and short lower anterior face height.
Am J Orthod Dentofac Orthop 1994 : 106 : 409~18.

8. Oh CK, Yoon YJ, Kim KW. The compensatory adaptation of
anterior teeth according to the skeletal relation. Kor J Orthod
2000 : 30 : 175-83.

9. Norusis MJ. Advanced statistics SPSS/PC+. Chicago : SPSS Inc.
1986 1 1-39.

10. Klecka WR. Discriminant analysis. Newbury Park : Sage Pubiica—

tions Inc. 1980 : 54—60.

11. Steiner CC. Cephalometrics in clinical practice. Angel Orthod
1959 : 29 8-29.

12. Bibby RE. Incisor relationships in different skeletal patterns. Angle

no

w

(o}

-J

Vol. 33. No. 6.-2003. Korea. J. Orthod




Orthod 1980 : 50 : 41-4.

13. Goldsman S. The variations in skeletal and denture patterns in
excellent adult facial types. Angle Orthod 1959 : 29 : 63-02.

14. Nasby JA, Worms FW, Speidel TM. Orthodontic extractions and
facial skeletal pattern. Angle Orthod 1972 : 42 : 116-22.

15. Bjork A, Skieller V. Facial development and tooth eruption. Am J
Orthod 1972 : 62 : 339-82.

16. Chang Yl, Moon SC. Cephalometric evaluation of the anterior
open bite treatment. Am J Orthod Dentofac Orthop 1999 : 115 :
29-38.

17. Enlow DH. Intrinsic craniofacial compensation. Angle Orthod

1971 : 41 : 271-85.

18. Simons ME. Change in overbite: a ten year postretention study.
Am J Orthod 1973 : 64 : 349-67.

19. Jacobson A. The "Wits" appraisal of jaw disharmony. Am J Orthod
1975 : 67 : 125-38.

20. Moorreess CFA. Normal variation and its bearing on the use of
cephalometric radiographs in orthodontic diagnosis. Am J Orthod
1953 : 39 : 942-50.

21. Tweed CH. The Frankfort mandibular plane angle in orthodontic
diagnosis classification, treatment planning and prognosis. Am J
Orthod 1946 : 32 : 175—-230.

Hi
Ml
B
Tl

Z24%0] 2 X|OHX| =4

BYIIHO EA @ BAY L

4ng, AHP, 58N, 33

Moot Nyt myea

B o7 542 1% 2 35 2430 ot J8822 9 AY [¥ltype) 22 ERE USRS KoMK R
B HAZIHG gag B40l 0|8 LUFHLE A REAERNA HE0] 75 MUY Ui ZEd 24 {89
ZE7IES TEUAL T A0IRTH 018 A5H0) BALFAL 29489 SEERLAIASER £ N ZR A4S &5

o 7lg BAgE Fotl Z
W RORZR AF &5 29 4BB/AE

I 8 29 SEE v|asly] fi5te B4 B4T OE HILE A™GIgen, 23 A g5
45Tt £3 ol E REE

RELER NE 2A4F0) 48 5 U=

oY B4& Adolo] 248 2d0 G247 g284E JHEstlnh 1 23 7 23 REYE SR AR ER

HA7IME g8 + JAen, 4/512 BRI AR &

A8 BUS UBIE B40H 5

ABBAT BEEQ

od 24 21 9 Y 23 RS EFE 4 UE 4 Y WS (AB- MP, SN-AB, PMAIE 78 4 I9ioH, OlE 4

=

N B4R O)R0I7 BE AR HA BB 87.8% &
e

S NE FEugAre HEstE x

T8 B0 2HRY, NONEY 2y, WEEN

JE5A £
L A& A 8 7128 BEHE IS 4+ Y AR A=Y,

FE & A0 2EH2E, o8 AT 2AE

ﬂh‘
i 41 8;)} ChT|27YN 337 622, 2003



