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I I The interaction of the muscles of mastica-
tion and the craniofacial skeleton plays an
important role in the control of craniofa-

cial growth. The literature contains many reports

on the relationship between the masseter muscle
and craniofacial morphology.'” Among the char-
acteristics of facial morphology, facial type—
such as short, average, and long—is an important
factor in orthodontic treatment, mainly because
facial type influences the anchorage system,
growth prediction of the maxillofacial structures,
and goals of orthodontic treatment, along with
bite force and masticatory function.

Ricketts et al.® described the long-face pattern
as being long and narrow with dental arches that
are frequently crowded and have weak muscu-

lature and an obtuse mandibular gonial angle.
In contrast, the short face pattern is short and
wide, with a strong, square mandible and broad
dental arches. However, the relationship be-
tween mandibular structures and facial type is
not yet fully understood. The purpose of this
study was to evaluate the relationship between
these structures, including cortical bone thick-
ness, tooth inclination, mandibular body inclina-
tion, and facial type.

Materials and methods

The material for this study consisted of 39 dry
skulls of male Asiatic Indians from the Depart-
ment of Anatomy, Nihon University School of
Dentistry at Matsudo, Japan. All occlusions were
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The purpose of this study was to evaluate relationships between morphological characteristics of vertical sections of the
mandibular body and facial type. Of the correlation coefficients between tooth and bone inclination and facial type
parameters, facial height index (FHI) was negatively associated with second premolar (P2), first molar (M1), and second
molar (M2) inclinations. The angle represented by Frankfort horizontal plane to mandibular plane (FMA) was negatively
associated with bone inclination of the M2 section. The buccal cortical bone was thicker in short-faced individuals than in
the average and long-faced groups, while lingual cortical bone thickness of the M1 and M2 sections was greater. The basal
cortical bone thickness of the L1 section was greater in the short-faced group, and the inclinations of the P2, M1, and M2
axes were significantly smaller. Teeth in the short-faced group inclined more lingually than in the average- and long-faced
groups. The results of this study provide evidence that a significant but complex relationship exists between structures of
the mandibular body and facial types. The morphological features that relate to masticatory function and facial types are
associated with cortical bone thickness of the mandibular body and the buccolingualinclination of the firstand second molars.
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Figure 1

Figure 1
Computer tomograph
of M2 section

Figure 2

Definitions of variables
H: height; W: width; L:
lingual cortical bone
(mean thickness of 10
points in middie re-
gion); B: buccal corti-
cal bone (mean thick-
ness of 10 points in
middle region); Ba:
basal cortical bone
(mean thickness of 5
points in basal region)

Figure 3

Definitions of variables
1. Tooth inclination; 2.
Bone inclination

Figure 4
Cephalogram vari-
ables

1. FMA; 2. Palatal to
mandibular plane
angle; 3. Gonial angle;
4. Posterior facial
height; 5. Anterior fa-
cial height
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Figure 2

Figure 4

Class 1 or Class II with minimal dental crowd-
ing. Lower third molars were present in all the
skulls, and three showed impacted third molars.

For each subject, a lateral radiograph of the
skull and four sections of CT scans (GE
Yokogawa Medical System Co, CT Verterx 3000)
of the mandibular body were available. These CT
scans (slice thickness 1 mm; scan time 3 sec; 120
kV) were made in the high-precision mode. The
standard plane for positioning consisted of the
midpoint of the left central incisor and the
distobuccal cusp of both second molars. The
standard plane was positioned perpendicular to
the vertical line of the X-ray beam. The guide-
line of the lower incisor (L1) section was defined
through the center of the left incisor in occlusal
view. The guidelines of the second premolar (P2),
first molar (M1), and second molar (M2) sections
were defined through the center of each tooth in
the lateral view. Sections in M1 and M2 were
made parallel to their axes in the 2-mm mesial
position for taking photographs of the mesial
root? (Figure 1).

The following seven measurements of each sec-
tion were made: height, width, buccal cortical
bone thickness, lingual cortical bone thickness,
basal cortical bone thickness, tooth inclination,
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Figure 3

and bone inclination. Reference points and vari-
ables are defined in Figures 2 and 3. Landmarks
were traced from each film, digitized, and scaled
to allow for radiographic enlargement. The mean
and standard deviation were estimated for each
of the variables assessed from the CT scans.

The maxillofacial morphology of subjects was
assessed by measurements recorded indirectly
from standardized radiographs. The radio-
graphic reference points and methods closely
followed those defined by Kasai et al.}® Reference
points and variables are defined in Figure 4. Ra-
diographs were traced on acetate drafting film,
digitized, and scaled to allow for radiographic
enlargement.

A number of parameters have been used to cat-
egorize vertical facial type, including cant of the
mandibular plane, cant of the palatal plane,'
gonial angle,”® and ratios of anterior and poste-
rior facial heights,™ as well as the structural mor-
phology of the mandible. The subjects were
divided into three groups according to facial pat-
tern:™® short, average, and long facial types. As-
sighments were based on an evaluation of the
following facial parameters: (1) FMA (inclination
of the mandibular plane relative to Frankfort
horizontal plane); (2) Palatal to mandibular plane
angle (inclination of the mandibular plane rela-
tive to the palatal plane); (3) Gonial angle (incli-
nation of the mandibular plane relative to the
ramus plane); and (4) FHI (ratio of posterior fa-
cial height to anterior facial height). Subjects
were rank-ordered for each facial parameter and
divided into three groups. Concordance in the
ranking was determined. The 39 subjects were
divided into the following subgroups: 9 short
facial type (SFT), 23 average facial type (AFT),
and 7 long facial type (LFT).

To assess the significance of the error involved
in the radiographic measurement methods, the
authors reassessed a series of 20 subjects 2
months after the initial measurements. The mean
difference between the first and second measure-
ments, the standard error of a single measure,
and the percentage of total variance attributable
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to measurement errors were calculated for each
variable. The error variance (Ve) was calculated
using the following formula:
Ve =X(x-x,)"/2n,

where x, and x, are the measurements repeated
and n is the sample size. The mean differences
were less than 1.0 mm or 1.0 degree. A small
number of significant mean differences between
the first and second measurements of some vari-
ables reflected difficulties in the identification of
some reference points, especially tooth axis. In
general, the contributions of errors to the total
variance were small, ranging from 2.4% to 7.2%.

Results

Table 1 shows correlation coefficients between
cortical bone thickness of each section and facial
type parameters. Significant correlation coeffi-
cients were found in buccal cortical bone thick-
ness of L1, P2, and M1 sections. Table 2 shows
the correlation coefficients between tooth and
bone inclination and facial type parameters. In
tooth inclination, FHI was negatively associated
with P2, M1, and M2 inclination. In bone incli-
nation, FMA was negatively associated with the
bone inclination of the M2 section. The defini-
tions of facial type groups in cephalometry are
shown in Table 3. Table 4 shows the differences
among facial types in height and width of man-
dibular sections. The P2 width of the long-faced
group was significantly smaller than that of the
average group. The M1 width of the short-faced
group was significantly larger than that of the
average- and long-faced groups.

Table 5 shows the differences in cortical bone
thickness among facial types. In the buccal cor-
tical bone thickness, there were significant dif-
ferences in all sections. The buccal cortical bone
of the short-faced group was thicker than that of
the average- and long-faced groups. The lingual
cortical bone thickness of the M1 and M2 sections
of the short-faced group was greater than that
of the average- and long-face groups. The basal
cortical bone thickness of the L1 section of the
short-faced group was greater than that of the
long-faced group. In summary, the buccal and
lingual cortical bone thicknesses of the short-
faced group were greater than those of the aver-
age- and long-faced groups. However, the basal
cortical bone thicknesses of premolar and molar
sections showed almost the same values among
three groups.

Table 6 shows the differences in tooth and bone
inclinations in each section. In tooth inclination,
P2, M1, and M2 were significantly smaller in the
short-faced group than in the average- and long-
faced groups. This indicated that these teeth in-

Facial types and characteristics of the mandible

Table 1

Correlation coefficients for facial measurements and cortical bone
thickness of each section

*

FMA Pailatal to Gonial FHI
mandibular angle
angle
Buccal cortical bone
L1 0.03 -0.32* -0.22 0.41**
P2 -0.15 -0.42* -0.56** 0.40*
M1 -0.21 -0.40 -0.45** 0.29
M2 0.08 -0.31 -0.21 0.25
Lingual cortical bone
L1 -0.01 0.01 -0.06 0.14
P2 -0.29 -0.06 -0.25 0.04
M1 -0.11 -0.17 -0.17 0.19
M2 -0.15 -0.09 -0.05 0.26
Basal cortical bone
L1 -0.15 -0.15 -0.09 0.14
P2 -0.08 -0.28 -0.27 0.29
M1 -0.15 -0.21 -0.11 0.17
M2 -0.16 -0.13 0.05 0.15

significant level of t value of correlation coefficient p < 0.05

** significant level of t value of correlation coefficient p < 0.01

L1: left central incisor, P2: second premolar, M1 : first molar, M2 : second molar
FHI: ratio of posterior facial height to anterior facial height

Table 2

Correlation coefficients for facial measurements and tooth and
bone axes of each section

FMA Palatal to Gonial FHI
mandibular angle
angle
Tooth inclination
L1 0.22 -0.14 -0.17 -0.04
P2 0.00 0.26 0.04 -0.36*
M1 -0.27 0.26 -0.05 -0.35*
M2 -0.24 0.37 -0.02 -0.36*
Bone inclination
L1 -0.07 -0.14 -0.02 0.14
P2 -0.16 0.09 0.23 -0.06
M1 -0.31 0.25 0.06 -0.27
M2 -0.35* 0.30 0.06 -0.24

* significant level of t value of correlation coefficient p < 0.05

clined more lingually in the short-faced group
than they did in other groups. Regarding bone
inclination, the M1 section of the short-faced
group was significantly smaller than that of the
other groups.

Discussion

Among cortical bone thicknesses in these four
sections, the thickness of the buccal cortical bone
was strongly associated with facial type. The
thicker the buccal cortical bone, the smaller the
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*sig. of F < 0.05, ** sig. of F <0.01
ANOVA: analysis of variance

Table 3
Definitions of facial types
SFT AFT LFT ANOVA
(n=9) (n=23) (n=7) Sig.of F
Mean SD Mean SD Mean SD SFT-AFT AFT-LFT SFT-LFT

FMA 18.3 6.2 22.9 5.7 26.6 5.7 *
Palatal to
mandibular angle 18.7 4.5 23.9 6.0 291 4.5 * * **
Gonial angle 116.4 6.2 121.1 7.2 125.9 6.5 *
FHI (PFH/AFH) 0.82 0.04 0.75 0.09 0.71 0.05 * **

SFT=short-faced type, AFT=average-faced type, LFT=long-faced type

The Angle Orthodontist

+ sig. of F < 0.05, ** sig. of F < 0.01

Table 4
Height and width of mandibular sections among facial types
SFT AFT LFT ANOVA
(n=9) (n=23) (n=7) Sig.of F
Mean SD Mean SD Mean SD SFT-AFT AFT-LFT SFT-LFT
Section height
L1 294 38 316 28 314 31
P2 28.6 4.2 30.3 2.5 30.5 3.2
M1 27.3 4.3 28.4 2.3 28.7 3.2
M2 258 37 254 25 245 22
Section width _
L1 13.1 2.2 13.3 1.4 12.5 1.4
P2 162 23 16.3 2.0 14.5 1.1 *
M1 18.1 2.1 175 21 15.4 0.5 * *
M2 195 23 19.5 1.9 19.4 1.2

gonial and mandibular plane angles and the
larger the posterior facial height. Regarding tooth
and bone inclinations, subjects with the above-
mentioned features turned out to have more lin-
gually inclined tooth and bone axes.

Certain malocclusions are associated with spe-
cific facial types, and it is important for the cli-
nician to identify each patient’s facial
characteristics. This task is important not only for
initial classification, but also in planning treat-
ment of existing problems, and in the early de-
termination of the prognosis of the treatment.
Ricketts et al. described the long-face pattern as
being long and narrow with weak musculature,
frequently crowded dental arches, and an obtuse
mandibular gonial angle. The short-face pattern
is short and wide, with a strong, square mandible
and broad dental arches.

To classify facial types, we selected four vari-
ables from many cephalometric measurement
variables. FMA and palatal-to-mandibular angle
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indicate the variation of mandibular plane. FHI
(facial height index),'® which is calculated by
posterior facial height/anterior facial height, in-
dicates facial pattern, such as long or short face.
The gonial angle has been shown to be associ-
ated with facial morphology’’*® and masticatory
function.*'®** Kasai et al.” found that the gonial
angle was associated with buccal and lingual
cortical bone thickness in the second molar sec-
tion. The results of this study agreed with Kasai
et al.

From the view of functional anatomy, the buc-
cal and lingual structures of second molar sec-
tions seemed to be influenced by masticatory
function. This is not unexpected because the sec-
ond molar section is closer to the ramus and the
area of attachment of the masticatory muscles.
Jaw-closing muscle activity is said to be greatest
in subjects with a large posterior facial height, a
small anterior facial height, a long mandible, a
flat mandibular plane, and a small gonial
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Table 5
Cortical bone thickness among facial types
SFT AFT LFT ANOVA
(n=9) (n=23) (n=7) Sig. of F
Mean SD Mean SD Mean SD SFT-AFT AFT-LFT SFT-LFT

Buccal cortical bone thickness

* sig. of F < 0.05, ** sig. of F < 0.01

L1 15 05 12 04 1.1 0.2

P2 23 06 1.9 04 15 03 * *

M1 3.0 0.4 2.6 0.6 2.0 0.5 * >

M2 37 03 30 05 27 08 = ** **
Lingual cortical bone thickness

L1 4.5 0.6 23 05 20 05

P2 26 05 24 06 22 05

M1 2.6 0.4 2.2 0.4 2.1 0.4 *

M2 2.1 0.6 16 04 16 04 * *
Basal cortical bone thickness

L1 3.3 0.8 3.0 0.5 2.5 0.3 *

P2 4.1 0.6 3.9 0.7 3.9 0.6

M1 37 06 34 06 33 07

M2 3.2 0.3 33 06 3.1 0.5
* sig. of F < 0.05, ** sig. of F < 0.01

Table 6
Tooth and bone inclination among facial types
SFT AFT LFT ANOVA
(n=9) (n=23) (n=7) Sig of F
Mean SD Mean SD Mean 8D SFT-AFT AFT-LFT SFT-LFT

Tooth inclination

L1 1034 71 1040 7.6 1040 7.2

P2 81.0 41 835 34 853 35 *

M1 758 3.4 80.2 4.6 828 4.2 ** **

M2 658 6.1 709 54 743 54 * **
Bone inclination _

L1 857 3.0 835 538 86.1 3.0

P2 856 5.5 88.7 5.0 89.7 5.1

M1 778 3.9 819 50 847 47 * **

M2 68.2 5.7 70.7 6.5 71.1 5.1 * *

angle.””"®" These relationships are independent
of overall size, and their specificity argues for dif-
ferences in the tension-generating capacities of
muscles according to facial types (long, average,
or short).

The long-face pattern includes a narrow den-
tal arch mainly because of its narrow mandible,
while the short face pattern is wide. Mandibu-
lar molars erupt lingually but then incline buc-
cally. Molars also move buccally because of
tongue pressure and masticatory function. Mo-
lars are located in a balanced position between
tongue and buccal pressure, a position that must
also adapt to masticatory function. The dental
arch width of long-faced subjects is significantly
smaller than that of short-faced subjects. If the

volume of tongue is equal, it follows that molars
of long-faced subjects receive strong tongue pres-
sure. As a result, the molars are more vertical,
despite the narrow dental arch.

The buccal cortical bone of short-faced subjects
is thicker than that of long-faced subjects. The
molars that receive buccally directed force at
mastication should be supported by the strong
structure of the buccal cortical bone. Therefore,
the bone inclination of short-faced subjects is
more lingual than that of long-faced subjects.

Okada et al.® found that among the variables
of the maxillofacial structure, the mandibular
plane angle affected the buccolingual inclination
of the mandibular incisor and second molar. The
inclination of the second molar might be affected
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by masticatory function, as has been indicated
by previous studies.’”’®" In this study, M1 and
M2 inclination was associated with facial type,
which was related to masticatory function.
Therefore, in orthodontic treatment, we should
notice whether the arch form consists of a toe-in
bend or third-order bend at the first and second
molars, which is affected by facial type.

The bite force or masticatory function caused
by the masticatory muscles influences not only
occlusal variation and dental arch form, but also
mandibular shape and structure. When investi-
gating the mandibular structures, it is important
to include the teeth to understand the stability
of the occlusion and to determine tooth position
in orthodontic treatment. The relationship be-
tween facial type and structures of the mandibu-
lar body would also be interesting to investigate
from the point of view of functional anatomy.

Conclusion

The results of this study provide evidence that
there is a significant but complex relationship be-
tween structures of the mandibular body and fa-
cial type. The facial types that relate to
masticatory function are associated with the cor-
tical bone thickness of the mandibular body and

with the buccolingual inclination of the first and
second molars.

Acknowledgments

This study was supported by Grant-in-aid
(06672069) for scientific research from the Min-
istry of Education, Science and Culture, Japan,
and by Nihon University Research Grant for 1995
(C95-018).

Author Address

Dr. Masahiro Tsunori

Department of Orthodontics

Nihon University School of Dentistry

at Matsudo,

2-870-1 Sakaecho-nishi

Matsudo, Chiba 271-8587, Japan

E-mail: tsunori@mascat.nihon-u.ac.jp

Masahiro Tsunori, Department of Orthodontics,
Nihon University, School of Dentistry at Matsudo,
Matsudo, Japan.

Masamitsu Mashita, Department of Orthodontics,
Nihon University, School of Dentistry at Matsudo,
Matsudo, Japan.

Kazutaka Kasai, Department of Orthodontics,
Nihon University, School of Dentistry at Matsudo,
Matsudo, Japan.

References

1. Proctor AD, De Vincenzo JP. Masseter muscle po-
sition relative to dento-facial form. Angle Orthod
1970;40:37-44.

2. Takada K, Lowe AA, Freund VK. Canonical cor-
relations between masticatory muscle orientation
and dentoskeletal morphology in children. Am J
Orthod 1984;86:331-342.

3. Haskell B, Tetz ]. Computer-aided modeling in the
assessment of the biomechanical determinants of
diverse skeletal patterns. Am ] Orthod 1986;89:363-
382.

4. Van Spronsen PH, Weijs WA, Prahal-Andersen B,
Valk ], Van Ginkel F. A comparison of jaw muscle
cross-sections of long-face and normal adults. J
Dent Res 1992;71:1279-1285.

5. Kasai K, Richards LC, Kanazawa E, Ozaki T,
Iwasawa T. Relationship between attachment of
the superficial masseter muscle and craniofacial
morphology in dentate and edentulous humans.
] Dent Res 1994;73(6):1142-1149.

6. Braun S, Hnat WP, Marcotte MR. A study of bite
force, part 1: Relationship to various physical char-
acteristics. Angle Orthod 1995;65:367-372.

7.  Braun S, Hnat WP, Marcotte MR. A study of bite
force, part 2: Relationship to various cephalomet-
ric measurements. Angle Orthod 1995;65:373-377.

8. Ricketts RM, Roth RH, Chaconas SJ, Schulhof R],
Engel GA. Orthodontic diagnosis and planning.
Rocky Mountain/Orthodontics, USA, 1982

9. OkadaN, Kasai K. Relationship between mandibu-
lar tooth inclination and maxillofacial morphology
using CT scanning. Nihon Univ J Oral Sci
1996;22:381-392. (Japanese)

Vol. 68 No. 6 1998

10. Kasai K, Moro T, Kanazawa E, Iwasawa T. Rela-
tionship between cranial base and maxillofacial
morphology. Eur J Orthod 1995;17:403-410.

11. Wylie WL, Johnson EL. Rapid evaluation of facial
hyperplasia in the vertical plane. Angle Orthod
1952;22:165-182. v

12. Ghafari ], Brin I, Kelly MB. Mandibular rotation
and lower face height. Angle Orthod 1989;59:31-
36.

13. Kasai K, Enomoto Y, Ogawa T, Kawasaki Y,
Kanazawa E, Iwasawa T. Morphological charac-
teristics of vertical sections of the mandible ob-
tained by CT scanning. Anthrop Sci 1996;104:187-
198.

14. Bishara SE, Jakobsen JR. Longitudinal changes in
three normal facial types. Am ] Orthod
1985,88:466-502.

15. Zaher AR, Bishara SE, Jakobsen R]. Posttreatment
changes in different facial types. Angle Orthod
1994;64:425-436.

16. Horn AJ. Facial height index. Am J Orthod
Dentofac Orthop 1992;102:180-186.

17. Ingervell B, Thilander B. Relation between facial
morphology and activity of masticatory muscles.
J Oral Rehabil 1974;1:131-147.

18. Tabe T. A study of the activities in the masticatory
muscles and the morphology of the orofacial skel-
eton. II. The correlation between the activities in
the masseter muscle and the biting force,and the
morphology of the orofacial skeleton. J Jpn Orthod
Soc 1976;35:255-265. (Japanese)

19. Moller E. The chewing apparatus. Acta Physiol
Scand 1966;69 (Suppl. 280):1-229.



