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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-
illomandibular 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.
1-8

 

Lundström2 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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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.

claimed that the absence of this coordination may lead 

to functional and esthetic problems.9-12 

  Few studies have been performed on the shape of 

the basal arch,
13-16

 whereas several studies have exam-

ined the characteristics of the dental arch form in dif-

ferent ethnic groups.17-23 Some previous studies were 

aimed at finding mathematical relations to describe the 

dental arch.24-28 Most of these studies have analyzed 

the dental arch by employing two-dimensional (2D) 

methods.
17-31

 The reference points used for the meas-

urements in these studies were incisal edges and cusp 

tips17,19,24-28 or indirect clinical bracket points derived 

from the contact points.
18,20,23

 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.32 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.
30

 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 studies14-16 have evaluated the 

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:

 ㆍAngle’s Class I molar and canine relationships 
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Table 1. Definitions of the arch dimension variables

Arch dimension variables  Definition

Dental intercanine width (mm) The distance between the FA points of the right and left canines.

Dental intermolar width (mm) The distance between the FA points of the right and left first molars.

Dental intercanine depth (mm) 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 Ratio between dental intercanine width and depth.

Dental intermolar W/D ratio Ratio between dental intermolar width and depth.

Basal intercanine width (mm) The distance between the WALA points of the right and left canines.

Basal intermolar width (mm) The distance between the WALA points of the right and left first molars.

Basal intercanine depth (mm) 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 Ratio between basal intercanine width and depth.

Basal intermolar W/D ratio Ratio between basal intermolar width and depth.

FA, Facial axis; WALA, Will Andrews and Larry Andrews.

 ㆍ0
o
 ＜ ANB angle ＜ 4

o

 ㆍNormal overbite and overjet (＞ 0 mm, ＜ 4 mm)

 ㆍMinor arch length discrepancy (＜ 3 mm of 

crowding, ＜ 1 mm of spacing)

 ㆍFlat or slight curve of Spee (＜ 2 mm)

 ㆍAbsence of deviations in the dental midline and 

crossbite

 ㆍPermanent 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 20μm.

  The FA point
33

 and WALA point
13

 were digitized 

for each tooth from the right first molar to the left first 

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 
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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; c, canine; d, first premolar; e, second pre-
molar; f, first molar; g, second molar.

Tapered (n = 20) Ovoid (n = 20) Square (n = 37)
p-value Multiple comparison

Mean ± SD Mean ± SD Mean ± SD

Upper intercanine width (mm) 37.13 ± 1.36 37.89 ± 1.41 38.68 ± 1.90 0.004† S > T

Upper intermolar width (mm) 56.60 ± 1.73 57.49 ± 2.29 59.85 ± 2.75 0.000
‡ S > T & O

Upper intercanine depth (mm)  8.98 ± 0.83  8.45 ± 1.03  8.36 ± 0.85 0.022
* T > S

Upper intermolar depth (mm) 30.38 ± 1.99 29.28 ± 1.88 29.90 ± 1.58 0.185

Upper intercanine W/D ratio  4.16 ± 0.36  4.53 ± 0.46  4.66 ± 0.41 0.000‡ T < O & S

Upper intermolar W/D ratio  1.87 ± 0.12  1.97 ± 0.13  2.01 ± 0.11 0.001
† S > T

Lower intercanine width (mm) 28.53 ± 1.29 29.30 ± 1.43 29.63 ± 1.57 0.020* S > T

Lower intermolar width (mm) 51.56 ± 2.73 52.89 ± 2.24 54.82 ± 2.35 0.000
‡ S > T & O

Lower intercanine depth (mm)  5.73 ± 0.49  5.09 ± 0.68  4.46 ± 0.71 0.000
‡ T > O > S

Lower intermolar depth (mm) 26.68 ± 1.23 25.69 ± 1.76 25.90 ± 1.71 0.052

Lower intercanine W/D ratio  5.06 ± 0.42  5.85 ± 0.71  6.81 ± 1.09 0.000‡ S > O > T

Lower intermolar W/D ratio  1.93 ± 0.12  2.07 ± 0.15  2.12 ± 0.13 0.000
‡ T < O & S

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

0.05; †p ＜ 0.01; ‡p ＜ 0.001.

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

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) = ax4 ＋ bx3 ＋ cx2 ＋ dx ＋ 

e).27,28,34,35 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 

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 t-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 
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Tapered (n = 20) Ovoid (n = 20) Square (n = 37) Multiple comparison

Upper intercanine width (mm) 37.74 ± 2.37 37.45 ± 2.46 38.93 ± 2.31 NS

Upper intermolar width (mm) 61.48 ± 2.53 61.30 ± 2.11 63.59 ± 2.79 S > O
† & T*

Upper intercanine depth (mm)  6.68 ± 0.80  6.06 ± 1.24  6.51 ± 0.90 NS

Upper intermolar depth (mm) 25.96 ± 1.79 24.75 ± 2.27 25.82 ± 1.78 NS

Upper intercanine W/D ratio  5.71 ± 0.59  6.41 ± 1.26  6.08 ± 0.83 NS

Upper intermolar W/D ratio  2.37 ± 0.16  2.49 ± 0.23  2.47 ± 0.19 NS

Lower intercanine width (mm) 30.44 ± 2.01 29.70 ± 2.09 30.38 ± 1.80 NS

Lower intermolar width (mm) 56.43 ± 2.40 57.66 ± 2.06 60.14 ± 2.29 S > O
† & T‡

Lower intercanine depth (mm)  4.32 ± 0.71  3.87 ± 1.00  4.00 ± 0.69 NS

Lower intermolar depth (mm) 25.86 ± 1.87 23.83 ± 1.87 24.79 ± 1.69 T > O*

Lower intercanine W/D ratio  7.23 ± 1.05  8.06 ± 1.66  7.81 ± 1.27 NS

Lower intermolar W/D ratio  2.19 ± 0.13  2.43 ± 0.22  2.44 ± 0.11 T < O
† & S‡

NS, Non-significant; O, ovoid; T, tapered; S, sqaure; W, width; D, depth. ANOVA with Tukey post Hoc. *p ＜ 0.05; 
†p ＜ 0.01; ‡p ＜ 0.001. 

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

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

arch types

Multiple comparison 

among arch typesMean ± SD Mean ± SD Mean ± SD

Central incisor area 2.51 ± 0.80 2.09 ± 0.88 2.67 ± 0.90  0.001† S > O

Lateral incisor area 2.52 ± 0.85 2.18 ± 0.72 2.44 ± 0.82 0.084

Canine area 2.50 ± 0.79 2.13 ± 0.57 2.14 ± 0.76  0.005
† T > O & S

First premolar area 2.45 ± 0.59 2.06 ± 0.58 2.03 ± 0.67 <0.001‡ T > O & S

Second premolar area 2.40 ± 0.62 1.99 ± 0.54 2.04 ± 0.64 <0.001
‡ T > O & S

First molar area 2.23 ± 0.50 1.87 ± 0.56 2.00 ± 0.65 <0.01
† T > O

Second molar area 2.20 ± 0.49 1.86 ± 0.95 1.97 ± 0.76   0.045* T > O

SD, Standard deviation; S, square; T, tapered; O, ovoid. ANOVA. *p ＜ 0.05; †p ＜ 0.01; ‡p ＜ 0.001. 

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

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.

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 
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Tapered Ovoid Square
p-value

Mean ± SD Mean ± SD Mean ± SD

Basal upper and lower intercanine width difference (mm) 7.30 ± 2.68 7.75 ± 1.72 8.55 ± 2.53 0.171

Basal upper and lower intermolar width difference (mm) 5.05 ± 2.37 3.64 ± 1.90 3.45 ± 2.01 0.128

ANOVA.

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

Tooth
1st molar 2nd premolar 1st premolar Canine Lateral incisor Central incisor

Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD

Lower 2.70 0.91 1.99 0.93 0.91 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 -3.97 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. 

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

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 

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).
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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-

al arch width from dental casts.36-39 Fujita et al.36 mea-

sured the basal arch between the innermost points at 

the buccal folds, while Hesby et al.39 measured it be-

tween points located 9.0 mm apical to the most occlu-

sal point of the buccal developmental groove. Andrews 

and Andrews13 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.
16

 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.
14

 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.40-42 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-

ference.43,44 In this study, the tapered arch form showed 

a significantly larger overjet than the 2 other arch 

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 

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.16 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.,16 

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.36 evaluated the basal arch widths be-

tween the innermost points at the buccal folds as part 

of a classification algorithm. Later, Hesby et al.39 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.
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