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Comparison of arch forms between Turkish and 

North American

Ahmet A. Celebi1, Hakan Keklik2, Enes Tan3, Faruk I. Ucar4

Objective: The aim of this study was to clarify the morphological differences in the mandibular arches of Turkish and 
North American white subjects.

Methods: The sample included 132 Turkish (34 Class I, 58 Class II, and 40 Class III) and 160 North American (60 
Class I, 50 Class II, and 50 Class III) subjects. The most facial portion of 13 proximal contact areas was digitized from 
photocopied images of patients’ mandibular dental arches. Clinical bracket points were calculated for each tooth based on 
mandibular tooth thickness data. Four linear and two proportional measurements were taken. The subjects were grouped 
according to arch form types (tapered, ovoid and square) in order to have frequency distribution compared between eth-
nic groups in each Angle classification.

Results: The Turkish group showed significantly lower molar depth and more significant molar width-depth (W/D) 
ratio in all three Angle classifications. On the other hand, the Turkish group also showed a significantly larger intercanine 
width in Class III malocclusion and intermolar width in Class II malocclusion. The most frequent arch forms seen were 
the ovoid arch form in the Turkish group and the tapered form in the white group.

Conclusions: Our results demonstrate that when treating Turkish patients, one should expect to use preformed ovoid 
arch form orthodontic wires in a significant percentage of patients.
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INTRODUCTION

The dental arch, fundamental principle in orth-
odontic planning and therapy, is an important element 
in Orthodontics.1 Therefore, correct identiication of a 
patient’s arch form is a crucial parameter in achieving 
a stable, functional and esthetic orthodontic treatment 
result, since failure to preserve the arch form might in-
crease the probability of relapse.2,3 

Over the years, human dental arch form has been 
recognized to be variable in shape and size. It is de-
scribed by many authors in geometric forms (ellipse, 
parabolic curve and hyperbolic) and mathematical func-
tions.4 A number of studies have used normal, untreated 
samples to determine arch form mathematically5,6 or to 
characterize arch form through various measurements, 
with incisal edges and cusp tips as landmarks.7,8,9

Classic studies have described that well-aligned den-
tal arches are roughly categorized as square, ovoid, and 
tapered.10 These arch forms can also be expressed as nar-
row, normal and wide.11 Especially when determining 
the arch wire forms to be used at the initial phase of treat-
ment, Chuck12 advocated that making a choice between 
these three forms would be better than using a single arch 
form. Due to this cause, the most convenient arch form 
type, according to patient’s ethnical origin and maloc-
clusion, should be chosen for preformed superelastic arch 
wires in leveling and arrangement phases.13,14 

The dolichocephalic head form is the most common 
among North American whites. The Turkish popula-
tion, however, originates from heterogeneous ethnic 
backgrounds: Asiatic Turks, Kurds, the Balkans, Cau-
casus, Middle East, Iran as well as from ancient Ro-
mans, Byzantines, and Arabs; also, Turkey, is an Eur-
asian country located in Western Asia (mostly in the 
Anatolian peninsula) and in Southeastern Europe (East 
Thracian).15 Therefore, head form of the Turkish might 
well difer from the white population.

Studies on the arch forms of the Turkish and compari-
sons with other ethnic groups have not been performed pre-
viously. The aim of this study was to determine the mor-
phological diferences between Turkish and North Ameri-
can white clinical mandibular arches in Class I, Class II, and 
Class III malocclusions by measuring patients’ arch dimen-
sions. The subjects were grouped according to arch form 
(tapered, ovoid and square) in order to have the frequency 
distribution of the three arch forms clariied for comparison 
between the ethnic groups in each Angle classiication.

MATERIAL AND METHODS

This study was based on two sample groups of Turk-
ish and North American white subjects. The Turkish group 
consisted of pretreatment mandibular dental models from 
34 Class I, 58 Class II, and 40 Class III patients obtained 
from the Kirikkale University Department of Orthodon-
tics, Turkey. The North American white group consisted of 
models from 60 Class I, 50 Class II, and 50 Class III patients 
from the University of Southern California, Department 
of Orthodontics, Los Angeles, and a private practice in San 
Diego, California, USA (Table 1). 

The samples were selected to match the following 
criteria: (1) Angle dental Class I, II, and III malocclu-
sions; (2) permanent dentition with normal tooth size 
and shape; (3) no supernumerary teeth; (4) arch-length 
discrepancy of 3 mm or less; (5) absence of restorations 
extending to contact areas, cusp tips, or incisal edges; 
and (6) no previous orthodontic treatment.

The occlusal surfaces of the mandibular models were 
photocopied, with a ruler included for magniication 
correction. The photocopied images were placed on a 
digitizer, and the most facial portions of 13 proximal 
contact areas around the arch were digitized (Fig 1). 
These points are used to estimate corresponding brack-
et slot locations (clinical bracket point) for each tooth. 
The proximal contact between the two central incisors 
was used as the origin of the x-y coordinate.

The original x-y coordinate on the digitizer was cor-
rected for magniication and adjusted to establish a new 
x-y coordinate, so that the mean inclination of straight 
lines connecting the right and let contact points be-
tween the irst and second premolars as well as those 
between the second premolars and irst molar became 
parallel to the original x-axis.

The perpendicular to a line connecting mesial and distal 
contact points of each tooth on the coordinate was drawn 
from the midpoint of the mesiodistal line for incisors, ca-
nines, and premolars and from the mesial third of the line for 
molars. The perpendicular was extended labially or buccally 
to locate a clinical bracket point for each tooth, according to 
mandibular teeth thickness data of Andrews.16 

The following four linear and two proportional mea-
surements were made (Fig 2): 

1) Intercanine width: the distance between canine 
clinical bracket points. 

2) Intermolar width: the distance between irst mo-
lar clinical bracket points. 
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3) Canine depth: the shortest distance from a line 
connecting the canine clinical bracket points to the ori-
gin between central incisors. 

4) Molar depth: the shortest distance from a line 
connecting the irst molar clinical bracket points to the 
origin between central incisors. 

5) Canine width-depth (W/D) ratio: the ratio of in-
tercanine width and canine depth. 

6) Molar W/D ratio: the ratio of intermolar width 
and molar depth.

In addition, 12 clinical bracket points were printed 
per patient at full size to select, from square, ovoid and 

tapered arch forms (OrthoForm; 3M Unitek, Monro-
via, California, USA), the arch form that best its the 
eight clinical bracket points from irst premolar to irst 
premolar (Fig 2).

STATISTICAL ANALYSIS

Power analysis showed that, for this study, α = 0.01; 
β = 0.20 (1-β = 0.80; power = 0.8225); and power of 
82 % were needed, so as to detect a diference of 1 mm. 
Power analysis showed that 32 patients were required in 
each group. Statistical evaluation was performed with 
SPSS 16.0 sotware (SPSS Inc., Chicago, IL, USA). 

North American Turkish
p value

(n = 160) (n = 132)

Total

% (n)

Male 47.5 (76) 43.9 (58)
0.54 NS

Female 52.5 (84) 56.1 (74)

Class I

% (n)

Male 38.3 (23) 35.3 (12)
0.77 NS

Female 61.7 (37) 64.7 (22)

Class II

% (n)

Male 52.0 (26) 51.7 (30)
0.97 NS

Female 48.0 (24) 48.3 (28)

Class III

% (n)

Male 54.0 (27) 40.0 (16)
0.18 NS

Female 46.0 (23) 60.0 (24)

Age (years)

 Mean (SD)

Total 15.4 (5.2) 13.9 (2.5)

Class I 16.6 (5.9) 13.8 (2.5)

Class II 14.7 (4.7) 14.4 (1.9)

Class III 14.5 (4.3) 13.4 (3.2)

Table 1 - Sex and age comparisons between North American and Turkish samples.

p > 0.05, NS = non-significant, Chi-square test.

Figure 1 - Points digitized on the occlusal photocopy. These points represent 
the most facial portions of 13 proximal contact areas.
Modified from: Nojima et al.14, 2001.

Figure 2 - Twelve clinical bracket points, four linear and two proportional 
measurements of arch dimensions: 1) intercanine width; 2) intermolar width; 
3) canine depth; 4) molar depth; 5) canine W/D ratio; and 6) molar WD ratio. 
Modified from: Nojima et al.14, 2001.
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Chi-square test was used to assess the association be-
tween sex and the two ethnic groups: North Ameri-
can and Turkish groups. The association between arch 
form and ethnic group was also assessed by means of 
chi-square test. Analysis of variance (ANOVA) was 
performed to compare the adjusted means of arch di-
mensions between the two ethnic groups by Angle clas-
siication and arch form separately. The results of the 
continuous variables were compared by ANOVA (for 
three subgroups) or by two-sample t-test for diferences 
in means (for two subgroups). All analyses were tested at 
a signiicance level of 0.05. 

RESULTS

Measurement errors were assessed by statistically 
analyzing the difference between duplicate measure-
ments taken at least two weeks apart on 24 casts se-
lected at random. Measurement errors were generally 
small (less than 5% of the measured mean value) and 
within acceptable limits. 

Tables 2 and 3 depict the arch dimension measure-
ments and results of the t-test for the North American 
and Turkish Class I, II, and III samples. The Turkish 
group showed signiicantly smaller molar depth and 
bigger molar W/D ratio in all three Angle classiica-
tions. In addition, the Turkish group also showed a sig-
niicantly larger intercanine width in Class III maloc-
clusion and intermolar width in Class II malocclusion. 
When Class I, II, and III malocclusions were combined, 
statistically signiicant diferences were observed in ca-
nine depth, molar depth, canine W/D ratio and molar 
W/D ratio between the two ethnic groups.

Table 4 shows the frequency distributions of the 
three forms and the results of the chi-square test for 
the North American and Turkish groups. In the for-
mer group, ovoid and tapered arch forms together made 
up more than 80% of the sample; but in the Turkish 
group, only 69% of the sample had ovoid and tapered 
arch forms. Square arch forms made up 30.3% of the 
Turkish group, but only 18.1% of the North Ameri-
can group. The most frequent arch forms seen were 
the ovoid arch form in the Turkish group and the ta-
pered form in the North American group. The square 
arch form had the lowest frequency distribution in the 
Class I and Class II groups in both Turkish and North 
American groups; however, in the North American 
Class III samples, square arch forms were found at the 
highest frequency of 44% while ovoid arch forms were 
found at the highest frequency of 45% of the Class III 
samples in the Turkish.

Table 5 depicts arch dimension measurements and 
results of t-test obtained by regrouping the subjects into 
square, ovoid and tapered arch form samples. The Turk-
ish had signiicantly narrower intercanine widths than 
the North American in the square arch form groups, 
and signiicantly larger intercanine widths than the 
North American in the ovoid and tapered arch form 
groups. The North American groups had signiicantly 
higher values for intermolar width in the square arch 
form and lower values for intermolar width in the ta-
pered and ovoid arch form compared with the Turkish 
sample. Both ethnic groups showed signiicant increases 
in molar depth as the mandibular arches changed in 
form from square to ovoid to tapered.
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Table 3 - Comparison between North American and Turkish groups by Angle classification. Values presented as: Mean (SD).

*p < 0.05; **p < 0.01, Two-sample t-test for difference in means.

Variable

Class I (n = 94)
p 

value

Class II (n = 108)
p 

value

Class III (n = 90)
p 

value
White

(n = 60)

Turkish

(n = 34 )

White

(n = 50) 

Turkish

(n = 58)

White

(n = 50)

Turkish

(n = 40)

Intercanine 

width (mm)
29.01 (1.26) 28.96 (1.36) > 0.05 28.92 (1.22) 28.87 (1.88) > 0.05 29.29 (1.68) 29.74 (1.56) < 0.05*

Intermolar 

width (mm)
49.17 (2.29) 48.97 (2.29) > 0.05 48.5 (2.53) 49.25 (2.24) < 0.05* 50.62 (2.65) 49.75 (3.46) > 0.05

Canine 

depth (mm)
6.3 (0.88) 6.33 (0.92) > 0.05 6.79 (1.12) 6.85 (0.81) > 0.05 5.69 (1.15) 3.95 (0.94) < 0.01**

Molar 

depth (mm)
26.84 (1.62) 25.63 (1.64) < 0.05* 27.3 (2.12) 26.03 (1.80) < 0.05* 27.02 (2.59) 24.20 (1.63) < 0.05*

Canine 

W/D ratio
4.68 (0.56) 4.59 (0.62) > 0.05 4.37 (0.7) 4.35 (0.50) > 0.05 5.34 (1.0) 6,02 (0.91) < 0.01**

Molar 

W/D ratio
1.84 (0.11) 1.91 (0.14) < 0.05* 1.78 (0.16) 1.89 (0.51) < 0.05* 1.89 (0.21) 2.06 (0.20) < 0.05*

  White Turkish p value

Total

Square 18.1 (29) 30.3 (40)

0.006*Ovoid 38.1 (61) 42.4 (56)

Tapered 43.8 (70) 27.3 (36)

Class I

Square 8.3 (5) 23.5 (8)

0.073 NSOvoid 45.0 (27) 47.1 (16)

Tapered 46.7 (28) 29.4 (10)

Class II

Square 4.0 (2) 27.6 (16)

0.002*Ovoid 36.0 (18) 37.9 (22)

Tapered 60.0 (30) 34.5 (20)

Class III

Square 44.0 (22) 40.0 (16)

0.372 NSOvoid 32.0 (16) 45.0 (18)

Tapered 24.0 (12) 15.0 (6)

Table 4 - Distribution of arch forms by race and Angle classifications. Values presented as: percentage (n).

p > 0.05, NS = non-significant, *p < 0.01, Chi-square test.

Table 2 - Complete sample comparison between North American white and Turkish groups.

*p < 0.05; **p < 0.01, Two-sample t-test for difference in means.

Variable

White

(n = 160)

Mean (SD)

Turkish

(n = 132)

Mean (SD)

p 

value

Intercanine width (mm) 29.07 (1.39) 29.19 (1.67) > 0.05

Intermolar width (mm) 49.42 (2.61) 49.77 (2.71) > 0.05

Canine depth (mm) 6.26 (1.13) 5.84 (1.00) < 0.05*

Molar depth (mm) 27.08 (2.07) 25.37 (1.87) < 0.01**

Canine W/D ratio 4.79 (0.85) 4.92 (0.77) < 0.05*

Molar W/D ratio 1.84 (0.17) 1.97 (0.17) < 0.05*
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DISCUSSION

Some studies have reported on dental arch form, and 
a number of researchers have tried to establish the form 
unique to certain malocclusions, ethnic groups, and sex.17,18

Several classiication schemes have been suggested, 
but the three basic arch forms that are commonly de-
scribed by clinicians are tapered, ovoid and square arch 
forms.19 Clinically, it is important that arch form does 
not change during orthodontic treatment because oc-
clusal stability depends on preservation of patient’s orig-
inal arch form.3,20

Preformed arch wires have been used frequently, 
although many reports have brought up the fact that 
application of the same arch wire in all cases can nega-
tively afect post-treatment occlusal stability.21,22 Most 
manufacturers produce their arch wires based on North 
American or European arch forms; however, focusing 
on ethnic groups outside of these groups is more than a 
scholarly exercise. 

Several studies have described the shape of the 
dental arch by using different mathematical meth-
ods23,24,25 or by characterizing arch form through vari-
ous measurements using the incisal edges and cusp 
tips as landmarks.7,26 These landmarks were used in 
studies carried out by Burris and Harris27 and Ling 
and Wong.28 Some researchers;13,14,29,30 however, used 

clinical bracket points as landmarks in their studies. 
Clinical bracket points corresponding to a bracket 
slot were used in this study, according to a method 
described in recent reports.15,16,31,32

These bracket points corresponded to bracket slot 
points that were mathematically estimated from the 
most facial portion of the proximal contact area of each 
tooth. Kook et al13 argued that using clinical bracket 
points as landmarks for measurement of dental arch 
shapes was of greater value for modern orthodontic 
treatment than the conventional incisal  edge and cusp 
 tip landmarks, since preformed superelastic arch wires 
are frequently used for clinical treatment.

The results of the current study clearly indicate 
that North American people have deeper arch forms 
in both canine and molar regions in comparison to 
the Turkish. Similar results were reported by both 
Gafni et al29 and Nojima et al.14 In the study by No-
jima et al,14 the transverse widths of canines and mo-
lars were statistically significant larger for the Japanese 
than for the North American whites, and the ratio of 
anteroposterior lengths to canine and molar widths 
was also greater for the Japanese than for the North 
American whites. However, no statistically significant 
difference existed for the transverse widths of canines 
and molars between Turkish and white  subjects. 

Table 5 - Comparison between North American and Turkish groups, by arch forms. Values presented as: Mean (SD).

p > 0.05, NS = non-significant, *p < 0.05; **p < 0.01. ANOVA, 2-sample t-test.

Square (n = 69)
p 

value

Ovoid (n = 117)
p 

value

Tapered (n = 106)
p 

value
White

(n = 29)

Turkish

(n = 40)

White

(n = 61)

Turkish

(n = 56)

White

(n = 70)

Turkish

(n = 36)

Intercanine 

width (mm)
29.96 (1.69) 29.23 (1.47) < 0.05* 29.37 (1.34) 29.54 (1.68) < 0.05* 28.44 (0.97) 28.60 (1.86) > 0.05 NS

Intermolar 

width (mm)
52.24 (2.01) 50.18 (3.07) < 0.05* 49.81 (2.27) 50.03 (2.69) > 0.05 47.90 (1.95) 48.89 (2.12) < 0.05*

Canine 

depth (mm)
5.26 (1.11) 5.49 (0.71) < 0.05* 6.05 (0.76) 6.17 (0.99) > 0.05 6.85 (1.06) 5.71 (1.08) < 0.01**

Molar 

depth (mm)
26.16 (2.71) 24.69 (1.39) < 0.05* 27.02 (1.78) 25.41 (1.98) < 0.05* 27.52 (1.90) 26.07 (1.93) < 0.05*

Canine 

W/D ratio
5.86 (0.92) 5.36 (0.70) < 0.05* 4.91 (0.48) 4.73 (0.78) > 0.05 4.24 (0.57) 4.73 (0.67) < 0.05*

Molar 

W/D ratio
2.02 (0.19) 2.04 (0.20) > 0.05 1.85 (0.12) 1.97 (0.16) < 0.05* 1.75 (0.12) 1.88 (0.13) < 0.05*
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One can rank the total sample of Turkish mandibular 
arch dimension in relation to both North American 
whites and Japanese in the following order: North 
American whites < Turkish < Japanese. 

Braun et al31 stated, in their report on differences 
in arch dimensions between Angle classifications, 
that Class II mandibular arches exhibited generalized 
reduced arch width and depth compared with Class 
I arches, and that Class III mandibular arches had 
smaller arch depth and greater arch width than Class 
I arches. Our study showed that Class II canine and 
molar depth of the Turkish population was greater 
than in Class I and Class III subjects. This could be 
explained by the more tapered anterior curvature of 
Class II arches, which directly influences both ca-
nine and molar depth parameters. Class III arches 
showed significantly larger intercanine and molar 
widths than did the Class I and Class  II arches in 
whites; this was consistent with previous reports.13,14 
For both Turkish and North American whites, these 
findings also correlate with those of Nojima et al14 
regarding Japanese subjects.

Felton et al3 reported little difference between 
the arch forms of Class I and Class II malocclusion 
groups. Our results showed that Class II arches for 
North American and Turkish groups were associated 
with a decreased frequency of the ovoid arch form 
and an increased frequency of the tapered arch form 
compared with Class I arches. For the Turkish group, 
similar results have been obtained in studies per-
formed by Olmez et al.11

For Class III arches, the frequency of square arch 
form was the highest in all three groups, followed by 
ovoid and tapered arch forms. For both Turkish and 
North American whites, these indings also correlate 
with those of Nojima et al,14 regarding the Japanese 
sample. This can be similarity explained by the com-
mon developmental pattern of Class III malocclusion 
and the resultant dental compensation by lingual tip-
ping of mandibular anterior teeth, which causes the an-
terior part of the mandibular arch to latten. 

Table 5 shows signiicant diference between white 
and Turkish groups when comparing them only within 
each arch form type. Square arch forms had signiicant 
diferences in size, except for molar W/D ratio. Ovoid 
arch forms showed signiicant diferences in intercanine 
width, molar depth, and molar W/D ratio. Tapered arch 

forms were totally diferent in all areas, except for inter-
canine width.

Multiple studies have already reported diferences 
in arch forms of subjects from various ethnic back-
grounds.13,14,29

This study was the irst comparison of arch forms 
between Turkish and North American white subjects. 
A study comparing the mandibular arches of Hispanic 
and Caucasian samples found that the square arch form 
was most prevalent in the Hispanic population (44%), 
followed by ovoid and tapering (28% each).32 Tapering 
arch form (44%) was more common in Caucasians, fol-
lowed by ovoid (38%) and square (18%);32 thus, sup-
porting that this anatomical guideline changes with 
race. Similar indings were reported by Nojima et al.14 
The most frequent arch form was square in the Japanese 
group (45.6%), followed by ovoid (42.5%) and taper-
ing (11.9%). A study on a Korean sample found ovoid 
(49.02%) to be the most frequent, followed by square 
(42.06%) and tapering (8.82%).33

The results of this study on a Turkish population, 
using a subjective method for arch form evaluation, re-
ports that the most frequent arch form was ovoid (42%), 
followed by square (30%), with only 27% of tapered 
arch forms. 

Since there are diferences in both arch dimension and 
frequency of arch form between Turkish and white sub-
jects, as well as among malocclusion types, it is essential 
to select the best it arch form for non-adaptable wires 
and to individualize the arch form in wires that can be 
altered in order to minimize round tripping of the denti-
tion and to enhance stability of orthodontic results. 

CONCLUSION

This study demonstrates that when treating Turk-
ish patients, one should expect to use preformed ovoid 
arch form orthodontic wires in a signiicant percentage 
of patients. It is hoped that the arch form classiication 
method will provide a practical guide in designing and 
fabricating preformed archwire forms for the Turkish 
population.

Acknowledgments

The authors thank Dr Richard P. McLaughlin, Clin-
ical professor, Department of Orthodontics, University 
of Southern California, Los Angeles; private practice, San 
Diego, California, for his valuable contributions.



© 2016 Dental Press Journal of Orthodontics Dental Press J Orthod. 2016 Mar-Apr;21(2):51-858

Comparison of arch forms between Turkish and North Americanoriginal article

1. Ricketts RM. A detailed consideration of the line of occlusion. Angle Orthod. 

1978 Oct;48(4):274-82.

2. McLaughlin RP, Bennett JC. Arch form considerations for stability and esthetics. 

Rev Esp Orthod. 1999;29(3):46-63.

3. Felton JM, Sinclair PM, Jones DL, Alexander RG. A computerized analysis of the 

shape and stability of mandibular arch form. Am J Orthod Dentofacial Orthop. 

1987 Dec;92(6):478-83.

4. Vaden JL, Dale JG, Klontz HA. The Tweed-Merriield edgewise appliance: 

philosophy, diagnosis and treatment. In: Graber MT, Vanarsdall RL Jr. 

Orthodontics:current principles and techniques. 2nd ed. St. Louis: Mosby; 1994. 

p. 579-635.

5. Raberin M, Laumon B, Martin JL, Brunner F. Dimensions and form of dental 

arches in subjects with normal occlusions. Am J Orthod Dentofacial Orthop. 

1993 July;104(1):67-72.

6. Braun S, Hnat WP, Leschinsky R, Legan HL. An evaluation of the shape of some 

popular nickel titanium alloy preformed arch wires. Am J Orthod Dentofacial 

Orthop. 1999 July;116(1):1-12.

7. 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 May;65(5):609-17.

8. Kim SC. A study on the conigurations of Korean normal dental arches for 

preformed arch wire. Korean J Orthod. 1984;14(1):93-100.

9. Lee YC, Park YC. A study on the dental arch by occlusogram in normal 

occlusion. Korean J Orthod 1987;17(2):279-86.

10. Hickey J, Zarb G, Bolender C. Boucher’s prosthodontic treatment for edentulous 

patients. St Louis: C.V. Mosby; 1985.

11. Olmez S, Dogan S. Comparison of the arch forms and dimensions in various 

malocclusions of the Turkish population. Open J Stomatol. 2011;1(4):158-64.

12. Chuck GC. Ideal arch form. Angle Orthod. 1932;4(4):312-27.

13. 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 Dec;126(6):680-6.

14. Nojima K, McLaughlin RP, Isshiki Y, Sinclair PM. A comparative study of 

Caucasian and Japanese mandibular clinical arch forms. Angle Orthod. 2001 

Jun;71(3):195-200. 

15. Celebi AA, Tan E, Gelgor IE, Colak T, Ayyildiz E. Comparison of soft tissue 

cephalometric norms between Turkish and European-American adults. Sci World 

J. 2013;2013:806203.

16. Andrews LF. Straight Wire - The concept and appliance. San Diego:  

LA Wells; 1989.

17. Ferrario VF, Sforza C, Miani A Jr, Tartaglia G. Human dental arch shape 

evaluated by euclidean-distance matrix analysis. Am J Phys Anthropol. 1993 

Apr;90(4):445-53.

REFERENCES

18. Cassidy KM, Harris EF, Tolley EA, Keim RG. Genetic inluence on dental arch form 

in orthodontic patients. Angle Orthod. 1998 Oct;68(5):445-54.

19. McLaughlin RP, Bennett JCD, Trevisi HJ. Systemized orthodontic treatment 

mechanics. Edinburgh : Mosby; 2001.

20. de la Cruz A, Sampson P, Little RM, Artun J, Shapiro PA. Long-term changes in 

arch form after orthodontic treatment and retention. Am J Orthod Dentofacial 

Orthop. 1995 May;107(5):518-30.

21. Strang RHW. The fallacy of denture expansion as a treatment procedure. Angle 

Orthod. 1949;19(1):12-7.

22. Gardner SD, Chaconas SJ. Posttreatment and postretention changes following 

orthodontic therapy. Angle Orthod. 1976 Apr;46(2):151-61.

23. Bonwill WGA. Geometrical and mechanical laws of articulation. Tr Odont Soc 

Penn. 1884-1885:119–33.

24. Camporesi M, Franchi L, Baccetti T, Antonini A. Thin-plate spline analysis of arch 

form in a Southern European population with an ideal natural occlusion. Eur J 

Orthod. 2006 Apr;28(2):135-40. 

25. Noroozi H, Nik TH, Saeeda R. The dental arch form revisited. Angle Orthod. 2001 

Oct;71(5):386-9.

26. Aoki H, Tsuta A, Ukiya M, Reitz P. A morphological study and comparison of the 

dental arch form of Japanese and American adults: detailed measurements of 

the transverse width. Bull Tokyo Dent Coll. 1971 Feb;12(1):9-14.

27. Burris BG, Harris EF. Maxillary arch size and shape in American blacks and whites. 

Angle Orthod. 2000 Aug;70(4):297-302.

28. Ling JY, Wong RW. Dental arch widths of Southern Chinese. Angle Orthod. 2009 

Jan;79(1):54-63.

29. Gafni Y, Tzur-Gadassi L, Nojima K, McLaughlin RP, Abed Y, Redlich M. 

Comparison of arch forms between Israeli and North American white 

populations. Am J Orthod Dentofacial Orthop. 2011 Mar;139(3):339-44.

30. Bayome M, Sameshima GT, Kim Y, Nojima K, Baek SH, Kook YA. Comparison 

of arch forms between Egyptian and North American white populations. Am J 

Orthod Dentofacial Orthop. 2011 Mar;139(3):e245-52.

31. Braun S, Hnat WP, Fender DE, Legan HL. The form of the human dental arch. 

Angle Orthod. 1998 Feb;68(1):29-36.

32. Gimlen AA. Comparative study of Caucasian and Hispanic mandibular 

clinical arch forms Cranio-Facial Biology. Los Angeles: University of Southern 

California; 2007.

33. Yun YK, Mo SS, Kim JG. Mandibular clinical arch forms in Korean with normal 

occlusion. Korean J Orthod. 2004;36:481-7.


