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Characteristics of Skeletodental Pattern
in High Angle Cases

Sang-Cheol Kim” and Kyung-Wha Kang® Kyung Whan Lee®

The patient with an anterior open bite has one of the most difficult orthodontic problem to correct. Previous studies
have yielded different conclusions as to exactly where the morphologic problems associated with vertical dysplasia- high

angle cases are located.

In order to identify the cephalometric features of high angle cases and highlight the measurements that characterize high
angle cases, 109 pretreatment cephalograms, 35 high angle, 37 average angle, and 37 low angle cases, were analyzed and

compared statistically.

As the mandibular plane was steeper, the anterior facial height, especially lower anterior facial height, became greater,
and the posterior facial height became smaller. All the dentoalveolar vertical dimensions, especially in upper, increased.
And all the skeletal angular measurements increased. Especially Lower gonial angle had most positive correlation to
mandibular plane angle. Upper incisor was lingually inclined, and lower incisor was labially inclined in high angle cases.
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he patient with an anterior open bite has one of

the most difficult orthodontic problem to

correct.’ Anterior open bite is a developmental
abnormality caused by a combination of dental and
skeletal factors. These patients exhibit a typical appe-
arance with a long ovoid face and increased lower facial
third proportion.”™* The alar base is often narrow and
the lips are incompetent with increased upper incisor
exposure. In profile, the nose is usually prominent but
with mild paranasal depression. The lower lip may be
everted or attempting to achieve lip competence by
straining the mentalis muscle. The chin is commonly
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reduced with a high mandibular plane angle.

These classical facial features may alternatively be
classified as long—face syndrome with open bite.”
Because the disproportionately long lower face is often
accompanied by an open bite, this has also been labeled
"skeletal open bite” This terminology has led to
confusion in the literature since samples of persons
suspected of having vertical problems have been
chosen on the basis of overbite or open bitfa,G’7 or man-
dibular plane angle® Not all long-faced patients have
open bite and not all open bite patients are long faced”
Not surprisingly, these studies have yielded different
conclusions as to exactly where the morphologic
problems associated with vertical dysplasia- high angle
cases are located.

Many authors attempted to categorize the skeletal
characteristics of high angle cases by cephalometric
methods.”™ In contrast to the well-known soft tissue
features, the skeletal features varied between studies
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Table 1. SN-GoGn angle for subdivision of subjects

CHRIDAA 28# 65. 1997H

High angle = 3576 > 3846
Average angle 3BT °~ 2483 ° 3845 °~ W15 °
Low angle < 148 ° < 2B14°

Fig. 1. Linear measurements of skeletal pattern.

and were sometimes contradictory.

The aim of this study is to identify the cephalometric
features of high angle cases and highlight the measure-
ments that characterize high angle cases.

MATERIALS AND METHODS

The subjects in this study were chosen from skeletal
Class III patients who presented to the Department of
Orthodontics, College of Dentistry, Wonkwang Univer-
sity. It was comprised of 109 subjects, 45 males and 64
females, with an age range of 17 to 38 years (22 years
in mean) in males, 17 to 37 years (22 years in mean)
in females,

The subjects were divided into three vertical types
according to SN-GoGn angle. High angle group was
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Fig. 2. Linear measurements of dentoalveolar pattern.

supposed to have over 1 S.D. greater SN-GoGn than
the Korean mean (30.29£547 in male, 33.30£5.16 in
female), whereas low angle group had under 1 S.D.
smaller than the Korean mean (Table 1). The subjects
were subdivided into 35 high angle, 37 average angle,
and 37 low angle cases.

The pretreatment cephalometric radiographs of sub-
jects in this- study were traced manually. In total, 21
skeletal and 11 dentoalveolar features were measured.
Angular and linear measurements were calculated the
nearest 0.01 degree, 0.01 mm, respectively. To minimize
the error of the method, the measurements were taken
twice. The measurements adopted in this study are
illustrated in Fig. 1 to 4, and defined in Tables 2 to 5.

Intergroup mean differences for each measurement
were assessed, by analysis of variance, between the
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Table 2. Linear measurements of skeletal pattern.

Anterior cranial base

. S-N The distance between sella and nasion
Posterior cranial base

Anterior facial height

. S5-AR The distance between sella and articulare
. AFH The distance between nasion and menton

Posterior facial height . PFH The distance between sella and gonion

Upper posterior facial height . UPFH The distance between ethmoidal registration point and posterior nasal spine

Lower anterior facial height . LAFH The distance between anterior nasal spine and menton

Lower posterior facial height

1
2
3
4
Upper anterior facial height 5. UAFH The distance between nasion and anterior nasal spine
6
7
8. LPFH The distance between articulare and gonion
9

Mandibular body length . GO-ME  The distance between gonion and menton

Sella to posterior nasal spine  10. S-PNS  The distance between sella and posterior nasal spine

Fig. 3. Angular measurements of skeletal pattern. Fig. 4. Angular measurements of dentoalveolar pattern.
three groups of high, average, and low angle. It was RESULTS .
followed by Duncan’s Multiple Range comparisons
between groups. Comparison of each measurement between
Sexual dimorphism was investigated by Students’ ¢ three groups(Table 6)
test in three groups respectively.
Pearson correlation coefficients were calculated to Three skeletal linear measurements, the anterior
assess the relative correlation of the other measure- facial height and the lower anterior facial height, were
ments to the SN-GoGn angle. significantly greater in that order of high angle,
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Table 3. Linear measurements of dentoalveolar pattern.

CHALAAl 284 65, 19974

Perpendicular distance between upper central incisal edge and the
palatal plane

Perpendicular distance between mesiobuccal cusp tip of maxillary first
molar to the palatal plane

Perpendicular distance between lower central incisal edge and the
mandibular plane

Perpendicular distance between the mesiobuccal cusp tip of mandibular

Upper anterior dental height 1. UADH
Upper posterior dental height 2. UPDH
Lower anterior dental height 3. LADH
Lower posterior dental height 4 LrDH

Upper first molar to sella in vertical 5. UGSV

first molar to the mandibular plane
Distance between the mesiobuccal cusp tip of maxillary first molar to

plane sella along a line perpendicular to SN
Upper first molar to sella in horizontal Distance between the mesiobuccal cusp tip of maxillary first molar to
6. U6-SH .
plane sella along a line parallel to SN
Overbite 7 OB Distance between the tip of the lower central incisor to the upper

central incisal edge along a line perpendicular to Frankfort horizontal

average angle, and low angle group. A skeletal linear
measurements, the upper anterior facial height, was
significantly greater in both high angle and average
angle group than in low angle group. Posterior facial
height and lower posterior facial height were smallest
in high angle group.

Two dentoalveolar linear measurements, the upper
anterior dental height and the upper posterior dental
height were significantly greater in that order of high
angle, average angle, and low angle group. Two
dentoalveolar linear measurements, the lower anterior
dental height and the upper first molar to sella in
vertical plane, were significantly greater in both high
angle and average angle group than in low angle group.
Overbite greatest in low group.

Five skeletal angular measurements, the gonial angle,
the lower gonial angle, the mandibular plane angle, the
Frankfurt horizontal to functional occlusal angle, and the
Frankfurt horizontal to mandibular occlusal angle, were
significantly greater in that order of high angle, average
angle, and low angle group. Two skeletal angular
measurements, the anterior cranial base to Frankfurt
horizontal angle and to palatal angle, were significantly
greater in high angle group than in both average and
low angle group. The Frankfurt horizontal to maxillary
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occlusal angle was significantly greater in both high
angle and average angle group than in low angle group.

Two dentoalveolar angular measurements, the upper
incisor to cranial base angle and the upper incisor to
palatal plane angle, were significantly smallest in high
angle group. But, the lower incisor to mandibular plane
angle was smallest in low angle group.

Correlation of the other measurements to Sn-
GoGn angle(Table 7)

Those which had positive correlation to Sn-GoGn
angle were as follows: three skeletal linear measure-
ments-the anterior facial height, the upper anterior
facial height, and the lower anterior facial height, four
dentoalveolar linear measurements—the upper anterior
dental height, the upper posterior dental height, the
lower anterior dental height and the upper first molar
to sella in vertical plane, seven skeletal angular measu-
rements— the gonial angle, the lower gonial angle, the
anterior cranial base to Frankfurt horizontal angle, the
anterior cranial base to palatal angle, the Frankfurt
horizontal to functional occlusal angle, the Frankfurt
horizontal to maxillary occlusal angle, and the
Frankfurt horizontal to mandibular occlusal angle, and
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Table 4. Angular measurements of skeletal pattern.

Characteristics of Skeletodental Pattern in High Angle Cases

1. N-5-AR The angle between the nasion-sella line and the sella-articulare line

2. S-AR-GO The angle between the sella-articulare line and the articulare-gonion line

3 GOA The angle formed by the mandibular plane and a tangent to the posterior border of ramus through
articulare

4 UGOA The angle between the tangent to the posterior border of ramus through articulare and the line joining
nasion and gonion

5. LGOA The angle between the mandibular plane and the line joining nasion and gonion

6. SN-GOGN The angle between the sella-nasion line and the gonion-gnathion line

7. SN-FH The angle between the sella-nasion line and the Frankfort horizontal line

8. SN-PP The angle between the sella-nasion line and the palatal plane

9. FH-FOP The angle between the Frankfort horizontal line and the functional occlusal plane

10. FH-MX OP The angle between the Frankfort horizontal line and the maxillary occlusal plane

11. FH-MN OP The angle between the Frankfort horizontal line and the mandibular occlusal plane

Table 5. Angular measurements of dentoalveolar pattern.

1. UI-SN The angle between the sella-nasion line and the long axis of the upper incisor
2. Ul-PP The angle between the palatal plane and the long axis of the upper incisor

3. L1-MP The angle between the mandibular plane and the long axis of the lower incisor
4 -1 The angle between the long axis of upper and lower incisors

a dentoalveolar angular measurement- the lower
incisor to mandibular plane angle.

Those which had negative correlation to Sn—~GoGn
angle were as follows: two skeletal linear measure—
ments— the posterior facial height, and the lower
posterior facial height, two dentoalveolar linear measu-
rements— the upper first molar to sella in horizontal
plane and overhite, two dentoalveolar angular measure—
ments— the upper incisor to cranial base angle and
palatal plane angle.

Sexual dimorphism(Table 7-10)

Nine skeletal linear measurements, the anterior

cranial base, the posterior cranial base, the anterior
facial height, the posterior facial height, the upper
anterior facial height, and the upper posterior facial
height, the lower posterior facial height, the mandibular
body 1engthj and the sella to posterior nasal spine, were
significantly greater in the male subjects in each group.

Three dentoalveolar linear measurements, the lower
anterior dental height, the lower posterior dental height,
and the upper first molar to sella in vertical plane, were
significantly greater in the male subjects in each group.
Upper posterior dental height was significantly greater,
whereas the overbite was significantly smaller, in the
male subjects of high angle group. The overbite was
significantly greater in the male subjects of average
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CiXIn&EAl 282 65, 19974

Table 6. Differences of skeletodental measurements between groups

Skeletal
AFH 138.33 13293
PFH 83.30 86.86
UAFH 5967 5872
LAFH 7960 75.03
LPFH 50.24 5352
Dento-alveolar
UADH 32.14 30.18
UPDH 2152 26.45
LADH 46.20 46.56
LPDH 3756 38.10
U6-SV 80.74 79.85
U6-SH 2885 3418
- 0B -0.95 0.8
Angular measurements ( )
Skeletal
GOA 130.90 126.11
LGOA 83.79 784
SN-GOGN 4097 3255
SN-FH 828 6.66
SN-PP 11.02 9.40
FH-FOP 13.90 10.83
FH-MX OP 11.38 9.4
FH-MN OP 1241 752
Dento-alveolar ‘
UL-SN 10642 11235
Ul-PP 116.96 121.18
LI-MP 46.00 46.26

12320 8™ H>A>L
89.12 726" H<AL
56.29 6.80 ™ HA>L
67.03 5385 H>A>L
56.23 1558 ™ H<A<L

2156 2072 H>A>L
24.42 1762 ™ H>A>SL
4264 1426 ™ HA>L
36.39 2.87

76.34 779 HA>L
3615 1830 ™ H<AL
241 2298 ™ H<A<L

1771 59.66 * H>A>SL
70.39 13862 ™ H>A>L
2213 3574 H>A>L

6.17 6.70 H>AL

798 88 ™ H>AL

7.06 3358 ™ H>ASL

781 631" HA>L, H>AL
410 55.77 ™ H>A>L

11378 1037 ™ H<AL

120.78 419 ° H<AL
4247 1318 ™ HA>L

(71 p<0.05, ™ : p<001, ™ : p<0.001)

angle group. The upper first molar to sella in horizontal
plane was significantly greater in the male subjects of
low angle group.

A skeletal angular measurements, the Frankfurt
horizontal to maxillary occlusal angle, was significantly
smaller in the male subjects of high angle group. Two
skeletal angular measurements, the mandibular plane
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angle, and the anterior cranial base to Frankfurt
horizontal angle, were significantly smaller in the male
subjects of low angle group.

A dentoalveolar angular measurement, the lower
incisor to mandibular plane angle, was significantly
greater in the male subjects of all groups.
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Table 7. Correlations of the other measurements to Table 8. Sexual dimorphism in high angle group
SN-GoGn angle

Linear measurements

Linear Measurements (mm)

Skeletal
AFH 061 ™ Skeletal .
— Py SN 6733 + 249 6767 333 236
UAFH 0 S-AR 3434 £ 38 3937 420 370
LAFH 071 AFH 13075 =+ 5.31 14548 + 348 9657
LPFH 050 PFH 7771 £ 500 8858 £ 38 7167
Dento-aveolar UAFH 5615 £ 247 6300 307 7297
UADH . 066 ™ UPFH 5125 £ 308 5627 * 237 5407
UPDH 051 ™ LAFH 7571 £ 389 828 3% 5737
LADH 036 ™ LPFH 4715 £ 470 5316 T 479 3757
UB-SV 029 ™ GO-ME 7626 t 312 8440 £ 566 530
U6-SH 05 S-PNS 4631 * 257 H272 £22 18
OB 053 ™ Dento-alveolar
Angular measurements UPDH 5% 25 BW 22 3B
Skeletal LADH M8 272 4172 £ 3% 277
GOA 077 ™ LPDH %08 +278 B/H £33 3B
LGOA 0.89 ™ U6-SV %67 £ 376 %93 18 9737
SN-FH 034 ™ U6-SH 28 + 397 2077 £59 -113
SN-PP 036 ™ OB 007 £ 175 -1981 £262 284°
FH-FOP 068 ™ Angular measurement ( °)
FH-MX OP 03 ™ Skeletal
FH-MN OP 0.73 ™ SN-GOGN 4094 + 278 4101 = 447 -006
Dento-alveolar SN-FH 830 £23 82 24 005
- UI-SN -0.39 ™ FH-MX OP 1314 * 341 973 £ 560 219"
Ul-PP -025 ™ Dento-alveolar
L1-MP 03 ™ L1-MP 446 £ 28 4745 * 40 2477
(™1 p<0.01, ™ 1 p<0.001) (" p<005, ™ p<001, ™ : p<0.001)
DISCUSSION vertical dysplasia’® Especially skeletal and dental
features were not differentiated in selection of subjects.
Although many authors attempted to categorize the Vertical skeletal pattern, rather than dental parameters
skeletal characteristics of high angle cases, these as like open bite, should be basis of grouping of
studies have yielded different conclusions as to exactly subjects.
where the morphologic problems associated with On the basis of Korean norms of Sn-GoGn, the
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Table 9. Sexual dimorphism in average angle group

UIXInEA 28H 65, 19974

Table 10. Sexual dimorphism in low angle group

Linear Measurements (mm)

Skeletal

S-N 6830 + 284
S-AR 3630 + 298
AFH 12887 = 524
PFH 8288 * 402
UAFH %620 * 306
UPFH 515 £ 377
LAFH 7368 + 378
LPFH 5025 + 429
GO-ME 7823 + 438
S-PNS 4781 *+ 298
ento-alveolar
UPDH 2625 £ 200
LADH 491 * 264
LPDH 3661 * 212
U6-SV 7720 + 383
U6-SH 3356 + 414
OB 016 + 216
Angular measurement ( °)

Skeletal

SN-GOGN 338 £ 130
SN-FH 742 £ 225
FH-MX OP 863 £ 401
Dento-alveolar

L1-MP 452 + 258

7179
3896
13825
92.10
62.02
56.04
76.80
5781
32.84
5283

2671
4374
40.07
83.33
36.39

17

30.86
566
10.73

85

+ 33
+ 300
+ 650
+ 511
+ 278
+ 425
* 600
+ 38
+ 327
T 387

2%
+ 37
T 34
t 442
+ 609
+ 212

5.94 Kk
239°
-159

-361 ™

(" p<005, ™ 1 p<001, ™ 1 p<0.001)

subjects of this study were subdivided into three
groups— high, average, and low angle group. Grouping
like this would be an acceptable one in considering the

vertical skeletal dysplasia.

Most of skeletal linear measurements were signi—
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Linear Measurements (mm)

Skeletal
S-N 6828 £327 7138 +25% 3147
S-AR 3646 + 337 4007 411 -257°
AFH 12082 + 48 12882 532 -429™
PFH 8647 + 412 936 531 -49%5 "
UAFH 5462 + 194 6023 £ 324 53"
UPFH 509 *+ 252 5651 * 299 -44™
LAFH 6605 * 549 6935 *+ 354 -218°
LPFH 5454 * 374 6020 + 517 2997
GO-ME 7888 * 348 8252 * 48 -226"
S-PNS « 4752 + 233 5258 + 337 -454™7
Dento-alveolar
UPDH 2424 £ 184 2484 * 167 -264
LADH 4172 + 260 4483 £ 270 34 ”
LPDH %66 £ 263 3813 £ 259 0’
U6-SV 7452 £301 8063 £ 331 521
U6-SH 472 514 3952 659 -218°
OB 231 £ 15 264 £ 157 060
Angular measurement ( °)
Skeletal
SN-GOGN 2262 £ 305 2098 + 28 159
SN-FH 658 £ 293 522 2% 142
FH-MX OP 773 + 396 800 *306 -022
Dento-alveolar
Li-MP 4160 £ 262 45 * 267 300"

("1 p<005, ™ 1 p<00L, ™+ p<O.001)

ficantly larger in high angle group. Especially the
correlation of lower gonial angle to Sn~GoGn angle was
significantly high. These findings generally coincided
with most reports,.”'24 Although small posterior facial
height in this study, Ellis et al. found no significant
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difference in posterior facial height between groups.?5

All the dentoalveolar vertical dimensions were
greater in high angle group. Especially upper anterior
dental height was strongly correlated to Sn—-GoGn
angle. These findings were partially in coincidence with
the study of Janson et al® which showed that the
dentoalveolar heights are significantly different between
faces with excessive, normal, and short lower anterior
facial height and the upper teeth presented a higher
correlation to the UAFH/LAFH ratio than the lower
teeth.

Most of skeletal angular measurements were signi-
ficantly larger in high angle group. The lower gonial
angle had especially significant correlation to Sn-GoGn
angle. These are consistent with the findings of Kim
and Sohn,14 Lee and Yang,15 Bae and Ryu,16 Sassouni
and Nanda,18 and Hapak,20 indicating a downward
growth of mandible as a key factor in the formation of
high angle.

In regard to the incisal inclination of the maxillary
and mandibular teeth, the lower incisors were inclined
more labially, whereas the upper incisors were inclined
more lingually. This findings were contradictory to
Tsang's study.22

From this study, many measurements showed the
differences between male and female subjects. Sexually
dimorphic measurements were nearly skeletal linear
ones. This was consistent with the findings of Cooke
and Wei” who noted that angular measurements were
similar between sexes, whereas several linear measu-
rements had greater readings in male subjects. The
significance of differences was tended to be great in
high angle group. This suggests that sexual dimor-
phism may be exaggerated by dentofacial deformities.
All dentoalveolar height were greater in male subjects,
which coincided with the study of Janson et al®

CONCLUSION

In order to identify the cephalometric features of high
angle cases and highlight the measurements that
characterize high angle cases, 109 pretreatment cepha-
lograms, 35 high angle, 37 average angle, and 37 low
angle cases, were analyzed and compared statistically.

Characteristics of Skeletodental Pattern in High Angle Cases

The results were as follows:

1. As the mandibular plane was steeper, the anterior
facial height, especially lower anterior facial height,
became greater, and the posterior facial height
became smaller.

2. As the mandibular plane was steeper, all the dento-
alveolar vertical dimensions, especially in upper,
increased.

3. As the mandibular plane was steeper, all the skeletal
angular measurements increased. Especially Lower
gonial angle had most positive correlation to mandi-
bular plane angle. '

4. As the mandibular plane was steeper, upper incisor
was lingually inclined, and lower incisor was labially
inclined.
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