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Three-dimensional evaluation of the relationship between dental

and basal arch forms in normal occlusion

Kwang-Yoo Kim, DDS, MMS," Mohamed Bayome, BDS, MMS, PhD," KonTae Kim, DDS, MSD,b
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Objective: The purposes of this study were to evaluate the relationship between the dental and basal arch
forms; to analyze their differences in the tapered, ovoid, and square arch forms in normal occlusion by
using three-dimensional (3D) virtual models; and to test the hypothesis that the overjet and max-
ilomandibular basal arch width difference have a significantly positive correlation. Methods: Seventy-seven
normal occlusion plaster casts were examined by 3D scanning. Facial axis (FA) and WALA points were
digitized using the Rapidform 2006 software. The dimensions of the dental and basal arches and the over-
jet were measured. The samples were classified into 3 groups according to arch forms: tapered (n = 20),
ovoid (n = 20), and square (n = 37). Analysis of variance (ANOVA) was used to compare the dental and
basal arch dimensions. The Pearson correlation coefficients between the intercanine as well as the inter-
molar widths at the FA and WALA points were calculated. Results: With regard to the basal arch di-
mensions, the tapered arch form showed a larger mandibular intermolar depth than the ovoid. Strong corre-
lations were noted between the basal and dental intermolar widths in both the upper and lower arches (r
= 0.83 and 0.85, respectively). Moderate correlation was found between the upper and lower intercanine
widths (r = 0.65 and 0.48, respectively). Conclusions: The 3 dental arch form groups differed only in some
dimensions of the skeletal arch. Moderate correlations were found between the basal and dental inter-
canine widths. These findings suggest that the basal arch may not be a principle factor in determining the
dental arch form. (Korean J Orthod 2011;41(4):288-296)
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INTRODUCTION

Understanding the relationship between the dental
and basal arch forms is of diagnostic and therapeutic
importance because the expansion of the dental arch is
limited. Periodontal complications and increased risk of
relapse may be expected if the teeth are moved beyond
the apical base limit, especially in the mandibular arch."®
Lundstrém® defined the apical base as the limit of the
expansion of the dental arch that remains unaffected by
orthodontic tooth movement or masticatory function.
Previous reports have stressed the importance of the
coordination between the upper and lower arches and
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claimed that the absence of this coordination may lead
to functional and esthetic problems.g'12

Few studies have been performed on the shape of
the basal arch,m'16 whereas several studies have exam-
ined the characteristics of the dental arch form in dif-
ferent ethnic groups.”'23 Some previous studies were
aimed at finding mathematical relations to describe the
dental arch.*” Most of these studies have analyzed
the dental arch by employing two-dimensional (2D)

17-31

methods. The reference points used for the meas-

urements in these studies were incisal edges and cusp

17,19,24-28 PSNT] . s . .
or indirect clinical bracket points derived

18,20,23

tips
from the contact points. However, these land-
marks do not represent the clinical archwire forms. Re-
cent studies have evaluated the arch dimensions on the
basis of facial axis (FA) points.30’31

The dental arch has been previously evaluated in a
three-dimensional (3D) study.” Analysis using this me-
thod seems to be clinically relevant, especially for the
application of preformed superelastic archwires, be-
cause digitizing the FA points in a 2D manner is not
reliable. Kook et al.” assessed the horizontal relation-
ship between the upper and lower dentition with re-
spect to the FA points in a 3D study. They found that
the anterior and posterior overjets were homogeneous.

In recent times, several studies'"® have evaluated the

Relationship between dental and basal archforms

relationship between the dental and basal arches on the
basis of the WALA ridge (named after Will Andrews
and Larry Andrews), which connects the most convex
points on the mucogingival junction.13 However, none
of these studies analyzed the maxillary arch, and there-
fore, the horizontal relationship between the upper and
lower dentition has not yet been assessed. Further, the
differences among the arch forms in terms of the basal
arch dimensions has not yet been evaluated.

We hypothesized that the overjet and difference in
the widths of the maxillomandibular basal arches have
a significant positive correlation. The purposes of this
study were to evaluate the relationship between the
dental and basal arches; to analyze their differences in
the tapered, ovoid, and square arch forms of the upper
and lower dentitions in normal occlusion, by using 3D
virtual models; and to test the postulated hypothesis.

MATERIAL AND METHODS

The samples comprised 77 maxillary and mandibular
plaster casts obtained from subjects with normal occlu-
sion. The ages of the subjects ranged from 20.4 to 25
years, with the mean being 23.2 years. The subjects
meeting the following criteria were included:

* Angle’s Class I molar and canine relationships

Fig 1. FA (green) and WALA (purple) points defined on a virtual model and seen in the A, Upper front, B, lower
front, C, upper buccal, and D, lower buccal views. FA, Facial axis; WALA, Will Andrews and Larry Andrews.
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- 0° < ANB angle < 4°

* Normal overbite and overjet (> 0 mm, < 4 mm)

* Minor arch length discrepancy (< 3 mm of

crowding, < 1 mm of spacing)

* Flat or slight curve of Spee (< 2 mm)

*+ Absence of deviations in the dental midline and

crossbite

* Permanent dentition with normal tooth size and

shape, except in the case of the third molars

The exclusion criteria included the presence of gin-
gival defects or unidentifiable mucogingival junction
on the model; history of previous orthodontic treat-
ment; and restorations extending to contact areas, cusp
tips, incisal edge, or facial surface.

The maxillary and mandibular casts were placed in
the occluded relationship and scanned with an Orapix
KOD-300 3D laser scanner (Orapix Co., Ltd, Seoul,
Korea), at a resolution of 20 «m.

The FA point33 and WALA point13 were digitized
for each tooth from the right first molar to the left first

Table 1. Definitions of the arch dimension variables

CHXI™A| 413 45, 201K

molar on each virtual model by using the software Ra-
pidform 2006 (INUS technology, Inc., Seoul, Korea) to
represent the dental and basal arches, respectively (Fig
1). The WALA point was measured directly below the
FA of each tooth perpendicular to the occlusal plane.
The occlusogingival position of this point varied from
tooth to tooth. Digitization of all points was performed
by an investigator (M.B.) with considerable experience
in 3D technology.

The transverse direction was represented by the X-
axis; the antero-posterior direction, the Y-axis; and the
line perpendicular to the X and Y planes, the Z-axis.
The FA point on the upper right second molar was set
as the origin of the X and Y axes, and the Z-axis val-
ues were nullified.

Four linear and 2 ratio variables were measured and
calculated for each arch form (Table 1).

The amounts of overjet at the anterior and posterior
segments in each arch form were measured as follows:

The X and Y coordinates for the FA points of each

Arch dimension variables

Definition

Dental intercanine width (mm)
Dental intermolar width (mm)

Dental intercanine depth (mm)

The distance between the FA points of the right and left canines.
The distance between the FA points of the right and left first molars.
The shortest distance from a line connecting the FA points of the right and left

canines to the midpoint between the FA points of the right and left central

INcisors.

Dental intermolar depth (mm)

The shortest distance from a line connecting the FA points of the right and left

first molars to the midpoint between the FA points of the two central incisors.

Dental intercanine W/D ratio
Dental intermolar W/D ratio

Basal intercanine width (mm)
Basal intermolar width (mm)

Basal intercanine depth (mm)

Ratio between dental intercanine width and depth.

Ratio between dental intermolar width and depth.

The distance between the WALA points of the right and left canines.

The distance between the WALA points of the right and left first molars.

The shortest distance from a line connecting the WALA points of the right and

left canines to the midpoint between the WALA points of the right and left

central incisors.

Basal intermolar depth (mm)

The shortest distance from a line connecting the WALA points of the right and

left first molars to the midpoint between the WALA points of the 2 central

Incisors.
Basal intercanine W/D ratio

Basal intermolar W/D ratio

Ratio between basal intercanine width and depth.

Ratio between basal intermolar width and depth.

FA, Facial axis; WALA, Will Andrews and Larry Andrews.
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case were inputted into a mathematical software
(MATLAB® 7.5 (R2007b), The MathWorks Inc.,
Natick, MA, USA) to generate the best fitting curve
that represent the arch, by using the fourth degree pol-
ynomial equation (f(x) = ax’ + bx’ + X’ + dx +
€).”"***** The amount of overjet was measured as the
shortest distance from each FA point on the man-
dibular arch to the maxillary one (Fig 2). To evaluate

the intraexaminer reliability, 10 randomly selected scans

Maxillary

*

Mandibular

Fig 2. Overjet measured as the shortest distance from
each FA (facial axis) point on the mandibular arch to
that on the maxillary arch. a, Central incisor; b, lateral
incisor; ¢, canine; d, first premolar; e, second pre-
molar; f, first molar; g, second molar.

Relationship between dental and basal archforms

were measured 2 weeks later. Intraclass correlation
(ICC) test revealed high reliability between the 2 as-
sessments (ICC > 0.8).

The best fitting curve representing each dental man-
dibular arch was matched to the arch form templates
(OrthoformTM, 3M Unitek, Monrovia, CA, USA), and
the samples were classified into the following 3 groups
according to the arch form: tapered (n = 20), ovoid (n
= 20), and square (n = 37).32

Statistical analysis

Since analysis using the Chi square test did not re-
veal any significant association between gender and
arch form, the data of the male and female subjects
were combined before further analysis. Analysis of
variance (ANOVA) was used for comparing the dental
and basal arch dimensions independently among the 3
arch form types.

Independent sample z-test was performed to evaluate
the difference in the overjet between the right and the
left sides, and since there were no statistically signifi-
cant differences, the data of both sides were com-
bined. The Pearson correlation coefficients between the
intercanine and the intermolar widths at the FA and

Table 2. Comparison of the dental arch dimensions according to the arch forms

Tapered (n = 20) Ovoid (n = 20) Square (n = 37)

p-value Multiple comparison
Mean + SD Mean + SD Mean + SD

Upper intercanine width (mm) 3713 + 1.36 3789 + 141 3868 = 1.90 0.004" S>T
Upper intermolar width (mm) 56.60 + 1.73 5749 + 229 59.85 + 275 0.000" S>T&O
Upper intercanine depth (mm) 898 + 0.83 845 = 1.03 836 = 0.85 0.022" T>S
Upper intermolar depth (mm) 30.38 + 1.99 29.28 + 1.88 2990 + 1.58 0.185

Upper intercanine W/D ratio 4.16 + 0.36 453 + 0.46 466 £ 041 0.000" T<O0&S
Upper intermolar W/D ratio 1.87 =+ 0.12 197 + 0.13 201 + 0.11 0.001" S>T
Lower intercanine width (mm) 2853 * 1.29 29.30 + 1.43 2963 £ 157 0.020" S>T
Lower intermolar width (mm)  51.56 + 273 52.89 + 224 54.82 + 2.35 0.000" S>T&O
Lower intercanine depth (mm) 573 + 0.49 509 + 0.68 446 = 0.71 0.000" T>0>S
Lower intermolar depth (mm) 2668 £ 1.23 2569 = 1.76 2590 + 1.71 0.052

Lower intercanine W/D ratio 506 + 042 585 + 0.71 6.81 + 1.09 0.000" S>0>T
Lower intermolar W/D ratio 193 + 012 207 + 0.15 212 + 013 0.000" T<O&S

SD, Standard deviation; S, square; T, tapered; O, ovoid; W, width; D, depth. ANOVA with Tukey post Hoc. p <

005 'p < 001; Tp < 0.00L
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WALA points were calculated. Pearson correlation
coefficients were also calculated between at the amount
of overjet at canine and the difference in intercanine
width between maxillary and mandibular basal arches,
and between the amount of overjet at the first molar
and the difference in intermolar width between maxil-
lary and mandibular basal arches. These analyses were
performed to evaluate the relationship between the
dental arch and the basal arch.

CHXI™A| 413 45, 201K

RESULTS

The 3 arch forms differed significantly with respect
to all the dimensions of the dental arches, except the
intermolar depths. For both the upper and lower arch-
es, the square arch form had a larger intercanine width
than the tapered ones and a larger intermolar width
than both the tapered and ovoid arch forms (Table 2).

Unlike the case with the dental arch dimensions, the
3 arch forms differed significantly only in some di-
mensions of the basal arch. The upper and lower inter-
molar widths in the square arch forms were wider than

Table 3. Comparison of the means of the basal arch dimensions according to the arch forms

Tapered (n = 20) Ovoid (n = 20) Square (n = 37)

Multiple comparison

Upper intercanine width (mm) 3774 + 2.37
Upper intermolar width (mm) 6148 + 253
Upper intercanine depth (mm) 6.68 + 0.80
Upper intermolar depth (mm) 2596 £ 1.79
Upper intercanine W/D ratio 571 £ 059
Upper intermolar W/D ratio 237 £ 0.16
Lower intercanine width (mm) 3044 = 2.01
Lower intermolar width (mm) 56.43 + 2.40
Lower intercanine depth (mm) 432 + 071
Lower intermolar depth (mm) 2586 + 1.87
Lower intercanine W/D ratio 723 £ 1.05
Lower intermolar W/D ratio 219 + 0.13

3745
61.30
6.06
2475
6.41
249
29.70
57.66
3.87
23.83
8.06
243 £ 0.22 244 + 0.11

+ 246 3893 + 231 NS

+211 6359 + 279 s>0"&T
+ 124 651 + 0.90 NS

+ 227 2582+ 178 NS

+ 126 608 + 0.83 NS

+ 023 247 + 019 NS

+209 3038 = 1.80 NS

+ 206 6014 + 229 s>o0" & 1T
+ 1.00 400 + 0.69 NS

+ 187 2479 + 169 T >0

+ 166 781 + 127 NS

T<0" &sT

+

NS, Non-significant; O, ovoid; T, tapered; S, sqaure; W, width; D, depth. ANOVA with Tukey post Hoc. ‘p < 0.05;

p < 001 Tp < 0.001.

Table 4. Comparison of the overjet in the tapered, ovoid, and square arch forms (unit: mm)

Tapered (n = 40) Ovoid (n = 40) Square (n = 74) p-value comparing Multiple comparison

Mean + SD Mean + SD  Mean *+ SD arch types among arch types

Central incisor area 251 £ 0.80 2.09 + 0.88 267 = 0.90 0.001" S>0

Lateral incisor area 252 + 0.85 218 + 0.72 244 + 0.82 0.084

Canine area 250 + 0.79 213 + 0.57 2.14 + 0.76 0.005" T>0&S
First premolar area 245 + 0.59 2.06 + 0.58 2.03 + 0.67 <0.0017 T>0&S
Second premolar area 240 = 0.62 1.99 £ 0.54 204 + 064 <0.0017 T>0&S
First molar area 2.23 + 0.50 1.87 =+ 0.56 2.00 + 0.65 <0.01" T>0

Second molar area 2.20 + 0.49 1.86 = 0.95 197 = 0.76 0.045" T>0

SD, Standard deviation; S, square; T, tapered; O, ovoid. ANOVA. p < 0.05; Tp < 0.01; Tp < 0.001.
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those in the tapered and the ovoid arch forms. In the
mandibular arch, the tapered arch form showed a larg-
er intermolar depth (25.86 mm) than the ovoid (23.83
mm) and a smaller intermolar width/depth ratio (2.19)
than both the ovoid (2.43) and square (2.44) arch
forms (p = 0.001 and 0.0002, respectively) (Table 3).

With regard to the horizontal relationship among the
3 arch forms, the tapered arch form had significantly
larger overjet than the ovoid one from the canine to
the second molar areas. It also had a greater overjet
than the square one at the canine and premolar areas.
Further, the 3 arch forms did not vary significantly
with respect to the differences between the intercanine
and intermolar widths of the maxillary and mandibular
basal arches (Tables 4 and 5).

With regard to the relationship between the dental
and the basal arches, strong correlations were found in
the upper and lower arches with respect to the inter-
molar width (r = 0.83 and 0.85, respectively) and mod-
erate correlations, with respect to the intercanine widths
(r = 0.65 and 0.48, respectively). Nevertheless, in all
the arch forms, no significant correlation was found
between the amount of overjet at the canine area and
the difference in intercanine width between maxillary
and mandibular basal arches. Similarly, no significant
correlation was found between the amount of overjet at
first molar areas and the difference in intermolar width

Relationship between dental and basal archforms

between maxillary and mandibular basal arches (p >
0.05).

The average of the distances between the correspond-
ing WALA and FA points, considering their relative
position to each other, were similar in both the maxilla
and mandible (Table 6). The WALA points were buc-
cal to the FA points in the posterior area, but lingual,
in the anterior. Further, the distance between the 2
points decreased in the canine direction, in both arches.
However, the distances in the anteriors of the maxilla
were larger than those of the mandible (Fig 3).

—— Lower
---- Upper

-6 T T T T T 1
1 2 3 4 5 6

Tooth

Relative distance (mm)

Fig 3. Average relative distances between correspond-
ing WALA and FA points in the upper and lower
arches. WALA, Will Andrews and Larry Andrews; FA,
facial axis.

Table 5. Comparison of the upper and lower arch width differences among the tapered, ovoid, and square arch forms

Basal upper and lower intercanine width difference (mm)

Basal upper and lower intermolar width difference (mm)

Tapered Ovoid Square
p-value
Mean + SD  Mean =+ SD  Mean * SD
730 + 268 775 + 1.72 855 + 253 0171
505 + 2.37 364 £ 1.90 345 + 201 0.128

ANOVA.

Table 6. Average relative distances between corresponding WALA and FA points (mm)

1st molar 2nd premolar 1st premolar Canine Lateral incisor  Central incisor
foot Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD
Lower 270 0.91 1.99 0.93 091 1.08 -0.43 1.36 -0.67 1.28 -1.31 1.33
Upper 2.23 0.92 1.72 0.99 0.88 1.48 -2.20 1.50 -3.56 1.44 -397 1.26

WALA, Will Andrews and Larry Andrews; FA, facial axis; SD, standard deviation. Negative values indicate that the
WALA points had lingual positions compared to the corresponding FA points.
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DISCUSSION

The purpose of this study was to evaluate the rela-
tionship between the dental and basal arches in an at-
tempt to detemine the limit of expansion of the dental
arch for stable treatment results.

Several methods have been used to evaluate the bas-

63 Fujita et al.”® mea-

al arch width from dental casts.
sured the basal arch between the innermost points at
the buccal folds, while Hesby et al.”’ measured it be-
tween points located 9.0 mm apical to the most occlu-
sal point of the buccal developmental groove. Andrews
and Andrews"” defined the WALA ridge as the ridge
of the tissue at the mucogingival junction that repre-
sents the level of the basal bone. They suggested that
it is similar to the archwire form of the dental arch.
Identifying the WALA ridge is easier than estimating
the root apex. In a recent study, Ronay et al.'® meas-
ured the basal arch width using the WALA points to
evaluate the relationship between the dental and basal
arch forms in Class I samples, while Ball et al." as-
sessed it in Class I and Class II Division 1 malocclu-
sions.

Virtual models have been confirmed to be accurate
and reliable, and the measurements obtained using
them have been shown to be reproducible; therefore,
these models are considered a feasible alternative to

plaster models.***

In this study, the FA points were
digitized on 3D virtual models because the models
show a direct relationship to the clinical archwire sha-
pe. The WALA points were also digitized because they
represent the basal arch form.

The amount of overjet may be influenced by several
factors, such as torque, bucco-lingual offset, marginal
ridge relationships, and occlusal functions such as in-
cisal guidance, and working and nonworking side inter-
“* n this study, the tapered arch form showed
a significantly larger overjet than the 2 other arch

ference.

forms. These findings highlight the importance of se-
lecting the archwire form that matches the patient’s
pretreatment arch from in order to achieve proper coor-
dination between upper and lower arches.

This study revealed significant differences between
the arch forms in only some dimensions of the basal
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arch; these include the upper and lower intermolar
width, the lower intermolar depth, and the lower inter-
molar W/D ratio. However, the 3 arch forms differed
significantly in several dimensions of the dental arch.
This may suggest that the arch shape variation is main-
ly dental, and not skeletal. The moderate correlation
between the dental and basal intercanine width may
support this suggestion.

In this study, a strong correlation between the basal
and dental intermolar widths was found in both maxil-
lary and mandibular arches. This finding is consistent
with those reported by Ronay et al.'® and supports
Andrews” WALA ridge theory,13 which suggests that
the dental arch form is related to the basal arch form
in each patient. Changing the form of the dental arch
during treatment without consideration of the basal
arch form may result in relapse or give rise to perio-
dontal problems. The strong correlation is also reflec-
ted in the significance of the difference of the basal in-
termolar width among the 3 arch forms.

The relation between the basal and dental arches
seemed to have the same trend in the upper and lower
arches. Consistent with the findings of Ronay et al.,'®
the distances between the corresponding WALA and
FA points were negative in the anterior area and pos-
itive in the posterior area because the WALA points
were lingual and buccal in relation to the FA, res-
pectively. However, the distance was larger in the
maxilla (3.97 mm for the central incisor) than in the
mandible (1.31 mm) because the upper incisors have a
more labial inclination than the lower (Fig 3).

Although the overjet differed significantly among the
3 arch forms, it did not show any significant correla-
tion to the basal transverse relation between the upper
and lower arches at the canine and molar areas in each
arch form. Therefore, the overjet cannot be used as an
indicator of the discrepancy in the basal transverse
relation.

Fujita et al.® evaluated the basal arch widths be-
tween the innermost points at the buccal folds as part
of a classification algorithm. Later, Hesby et al.”’ re-
ported that the upper basal width was 59.80 mm, while
the lower was 55.63 mm. These values were com-
parable only to those obtained for the tapered group in
our study. This discrepancy may be attributed to the
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ethnic differences.

Further research using cone-beam computed tomog-
raphy to evaluate the dental and basal arch form rela-
tionship is necessary to confirm these findings based
on the 3D models.

CONCLUSION

Individuals with the tapered, ovoid, and square den-
tal arch showed only minimal differences in the skel-
etal arch dimensions. Further, although strong correla-
tions were found between the basal and dental inter-
molar widths, only moderate correlations were noted
for intercanine widths. These findings suggest that the
basal arch may not be the principle factor in determin-
ing the dental arch form, especially in the anterior
area.

ACKNOWLEDGEMENTS

This study was supported in part by the Alumni
Fund of the Department of Dentistry and Graduate
School of Clinical Dental Science, Catholic University
of Korea. The authors would like to thank Mr Seok-Jin
Kang, and the Orapix team (Seoul, Korea, Orapix
Co.Ltd. www.orapix.com) for providing valuable tech-
nical advice.

REFERENCES

1. Betts NJ, Vanarsdall RL, Barber HD, Higgins-Barber K,
Fonseca RJ. Diagnosis and treatment of transverse maxillary
deficiency. Int J Adult Orthodon Orthognath Surg 1995;10:
75-96.

2. Lundstrom AF. Malocclusion of the teeth regarded as a prob-
lem in connection with the apical base. Int J Orthod Oral Surg
Radiogr 1925;9:591-602, 724-31, 793-812, 933-40, 1022-42,
1109-33.

3. Proffit WR, Fields HW, Sarver DM. Orthodontic treatment
planning: limitations, controversies, and special problems. In:
Proffit WR, Fields HW, Sarver DM editors. Contemporary
orthodontics. St Louis: Mosby; 2000. p. 276-9.

4. Strang RHW. The fallacy of denture expansion as a treatment
procedure. Angle Orthod 1949;19:12-22.

5. Handelman CS. The anterior alveolus: its importance in limit-
ing orthodontic treatment and its influence on the occurrence
of iatrogenic sequelae. Angle Orthod 1996;66:95-109.

6. Johnson KC. Cases six years postretention. Angle Orthod
1977;47:210-21.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Relationship between dental and basal archforms

. Little RM, Wallen TR, Riedel RA. Stability and relapse of

mandibular anterior alignment-first premolar extraction cases
treated by traditional edgewise orthodontics. Am J Orthod
1981;80:349-65.

. Shapiro PA. Mandibular dental arch form and dimension.

Treatment and postretention changes. Am J Orthod 1974
66:58-70.

. Carmen M, Marcella P, Giuseppe C, Roberto A. Periodontal

evaluation in patients undergoing maxillary expansion. J
Craniofac Surg 2000;11:491-4.

Vanarsdall RL. Periodontal/orthodontic interrelationships. In:
Graber TM, Swain BF editors. Orthodontics, current principles
and techniques. St Louis: Mosby; 1994. p. 712-49.
Vanarsdall RL Jr. Transverse dimension and long-term stabi-
lity. Semin Orthod 1999;5:171-80.

Vanarsdall RL, White RP Jr. Three-dimensional analysis for
skeletal problems. Int J Adult Orthodon Orthognath Surg 1994;
9:159.

Andrews LF, Andrews WA. The six elements of orofacial
harmony. Andrews J 2000;1:13-22.

Ball RL, Miner RM, Will LA, Arai K. Comparison of dental
and apical base arch forms in Class II Divisionl and Class I
malocclusions. Am J Orthod Dentofacial Orthop 2010;138:
41-50.

Gupta D, Miner RM, Arai K, Will LA. Comparison of the
mandibular dental and basal arch forms in adults and children
with Class I and Class II malocclusions. Am J Orthod
Dentofacial Orthop 2010;138:10.¢1-8.

Ronay V, Miner RM, Will LA, Arai K. Mandibular arch form:
the relationship between dental and basal anatomy. Am J
Orthod Dentofacial Orthop 2008;134:430-8.

Kim SC. A study on the configurations of Korean normal den-
tal arches for preformed arch wire. Korean J Orthod 1984;
14:93-101.

Kook YA, Nojima K, Moon HB, McLaughlin RP, Sinclair
PM. Comparison of arch forms between Korean and North
American white populations. Am J Orthod Dentofacial Orthop
2004;126:680-6.

Merz ML, Isaacson RJ, Germane N, Rubenstein LK. Tooth di-
ameters and arch perimeters in a black and a white population.
Am J Orthod Dentofacial Orthop 1991;100:53-8.

Nojima K, McLaughlin RP, Isshiki Y, Sinclair PM. A com-
parative study of Caucasian and Japanese mandibular clinical
arch forms. Angle Orthod 2001;71:195-200.

Nummikoski P, Prihoda T, Langlais RP, McDavid WD,
Welander U, Tronje G. Dental and mandibular arch widths in
three ethnic groups in Texas: a radiographic study. Oral Surg
Oral Med Oral Pathol 1988;65:609-17.

Yun YK, Kook YA, Kim SH, Mo SS, Cha KS, Kim JG, et
al. Mandibular clinical arch forms in Koreans with normal
occlusions. Korean J Orthod 2004;34:481-7.

Bayome M, Sameshima GT, Kim Y, Nojima K, Baek SH,
Kook YA. Comparison of arch form between Egyptian and
North American white populations. Am J Orthod Dentofacial
Orthop 2011;139:¢245-52.

Cordato MA. A simple mathematical study of anterior dental
relations: Part I. Aust Orthod J 1995;13:249-52.

Cordato MA. A mathematical study of anterior dental relations:

295



Kim KY, Bayome M, Kim KT, Han SH, Kim Y, Baek SH, Kook YA

26.

217.

28.

29.

30.

31

32.

33.

34,

35.

Part II, Incisor and canine overjet. Aust Orthod J 1996;14:
143-9.

Cordato MA. A simple mathematical study of anterior dental
relations: Part III: incisor and canine overbite. Aust Orthod J
1998;15:75-84.

Ferrario VF, Sforza C, Miani A Jr, Tartaglia G. Maxillary ver-
sus mandibular arch form differences in human permanent
dentition assessed by Euclidean-distance matrix analysis. Arch
Oral Biol 1994;39:135-9.

Ferrario VF, Sforza C, Miani A Jr, Tartaglia G. Mathematical
definition of the shape of dental arches in human permanent
healthy dentitions. Eur J Orthod 1994;16:287-94.

Lee YC, Park YC. A study on the dental arch by occlusogram
in normal occlusion. Korean J Orthod 1987;17:279-87.

Kook YA, Bayome M, Park SB, Cha BK, Lee YW, Beck SH.
Overjet at the anterior and posterior segments: three-dimen-
sional analysis of arch coordination. Angle Orthod 2009;79:
495-501.

Trivifio T,Siqueira DF, Scanavini MA. A new concept of man-
dibular dental arch forms with normal occlusion. Am J Orthod
Dentofacial Orthop 2008;133:10.e15-22.

Kim BI, Bayome M, Kim Y, Baeck SH, Han SH, Kim SH, et
al. Comparison of overjet among 3 arch types in normal
occlusion. Am J Orthod Dentofacial Orthop 2011;139:¢253-60.
Andrews LF. The six keys to normal occlusion. Am J Orthod
1972;62:296-309.

Felton JM, Sinclair PM, Jones DL, Alexander RG. A compu-
terized analysis of the shape and stability of mandibular arch
form. Am J Orthod Dentofacial Orthop 1987;92:478-83.
Pepe SH. Polynomial and catenary curve fits to human dental

296

36.

37.

38.

39.

40.

41.

42.

43.

44,

CHXI™A| 413 45, 201K

arches. J Dent Res 1975;54:1124-32.

Fujita K, Takada K, QianRong G, Shibata T. Patterning of hu-
man dental arch wire blanks using a vector quantization algori-
thm. Angle Orthod 2002;72:285-94.

Sergl HG, Kerr WJ, McColl JH. A method of measuring the
apical base. Eur J Orthod 1996;18:479-83.

Tweed CH. A philosophy of orthodontic treatment. Am J
Orthod Oral Surg 1945;31:74-103.

Hesby RM, Marshall SD, Dawson DV, Southard KA, Casko
JS, Franciscus RG, et al. Transverse skeletal and dentoalveolar
changes during growth. Am J Orthod Dentofacial Orthop 2006;
130:721-31.

Quimby ML, Vig KW, Rashid RG, Firestone AR. The accu-
racy and reliability of measurements made on computer-based
digital models. Angle Orthod 2004;74:298-303.

Zilberman O, Huggare JV, Parikakis KA. Evaluation of the
validity of tooth size and arch widthmeasurements using con-
ventional and three-dimensional virtual orthodotic models.
Angle Orthod 2003;73:301-6.

Costalos PA, Sarraf K, Cangialosi TJ, Efstratiadis S. Evalua-
tion of the accuracy of digital model analysis for the American
Board of Orthodontics objective grading system for dental
casts. Am J Orthod Dentofacial Orthop 2005;128:624-9.
Sangcharearn Y, Ho C. Effect of incisor angulation on overjet
and overbite in class II camouflage treatment. A typodont
study. Angle Orthod 2007;77:1011-8.

Lowe DW, Forbes DB, Hicken J, Skarin D. The effect of la-
biolingual tooth dimension on proper overbite and overjet.
Northwest Dent Res 1997;7:31-43.



