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Arch form analysis: A comparison of two different methods

ORIGINAL ARTICLE

INTRODUCTION

Arch form describes the position and relationship
of the teeth to one another in all three dimensions. It
can be considered a result of the underlying skeletal
morphology, the surrounding soft tissues, and any
additional environmental effects.1

Description of dental arch forms vary from geomet-
ric forms (ellipse, parabolic curve) to mathematical
functions.2,3 Clinically dentitions are expediently clas-
sified as square, round square, round and round “V”
shaped arches according to previous classic studies.4

There have been some descriptive morphological stud-
ies differentiating upsilon, elliptique, paraoblique and
hyperoblique dentitions.5

Nevertheless, conventional methods seem lacking
in mathematical evidence and are composed of subjec-
tive factors which always lead to diverse understanding
because they mainly depend on personal visual exami-
nation.1,6,7 On the other hand, many quantitative stud-
ies using mathematical evaluation involving measur-
ing distances between certain reference points and
analyzing various algebraic functions have defined 4 to
5 types of dental arch form.8 However these methods
develop voluminous data requiring complicated cali-
bration with specific equipments.9

Knowledge of arch form as an anatomical param-
eter is of considerable reliance, especially regarding
the positioning10 and selection of anterior teeth11 for
artificial prosthesis, number and stress distribution
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pattern of dental implants and stability of any prosthe-
sis in prosthodontics.12,13

Clinically, it is important that archform does not
change during orthodontic treatment because occlusal
stability depends on preservation of the patient’s origi-
nal archform.14,15 The relapse of orthodontic treatment
may occur when teeth are placed in inherently un-
stable positions outside the soft tissue envelope.16 The
knowledge of arch form before commencing orthodon-
tic treatment is also important for selection of pre-
formed arch wires.14

The present study was designed to find difference
of results using two dissimilar methods of arch form
determination. Such a comparison was not found in
literature. The first method employs a mathematical
method as proposed by Noroozi3 and the second by
superimposing the diagnostic orthoform templates on
casts as advocated and marketed by 3M Unitek.17

METHODOLOGY

A cross sectional study was carried out over a
period of 7 months from May 2010 to December 2010 at
Lahore Medical and Dental College, Lahore. A conve-
nient sampling technique was used on 250 subjects
including 125 males and 125 females. Before proceed-
ing, consent was obtained from the study participants.

The subjects were 16-30 years of age who had
normal healthy dentition, well aligned arches with all
incisors, canines, first and second premolars and mo-
lars present. Patients with malformed and malposed
teeth, periodontal disease, restored anterior teeth,
congenital and/or acquired maxillary defects,
orthognathic/ reconstructive surgical procedures and
previous orthodontic treatment were excluded.

Squarish, tapering and ovoid arch forms were
determined on two hundred and fifty maxillary casts by
applying two different methods (Mathematical formula
proposed by Noroozi3 and using diagnostic orthoform
templates marketed by 3M Unitek.17 The results of the
two methods were compared to evaluate the difference
between them. Cross tabulation was done to observe
congruence of both methods on three arch forms.

The squarish, tapering and ovoid arch forms were
determined by using the formula of arch width and
depth suggested by Noroozi (Wc/Wm)x(Dc/Dm).3 The
arch width was bilaterally measured at two reference

points with a standard unmodified vernier caliper (0-
150mm by Jing Gong). All casts were photocopied with
1x1 magnification18,19 and were used to measure arch
depth. The formula was applied to find the numerical
value for each arch form. Same observer took all
readings at three different occasions; in case of  dispar-
ity in the readings, the mean value was calculated and
noted. The arch form formula was applied to the
compiled data to find the arch forms.

The second method employed the Diagnostic
OrthoForm™ templates marketed by 3M Unitek ac-
cording to the manufacturer’s instructions. The tem-
plates were superimposed on each cast photocopy to
determine and note the ovoid, tapering and squarish
form of the arch.17,20

The collected data was entered, cleaned, organized
and analyzed using SPSS program version 17. Fre-
quency distribution of different arch forms with two
methods was determined. Cross tabulation was done to
observe the congruence between two methods. Chi-
square test of significance was applied to evaluate the
difference in the results of two methods and p value of
< 0 .05 was considered as the cut off point for statistical
significance.

RESULTS

Frequency distribution of arch forms according to
Noroozi’s mathematical formula is shown in table 1,

TABLE 1: DISTRIBUTION OF ARCH FORMS
USING NOROOZI’S MATHEMATICAL FORMULA

Frequency Percent

Arch form Ovoid 206 82.4

Square 16 6.4

Tapering 28 11.2

Total 250 100.0

TABLE 2: DISTRIBUTION OF ARCH FORMS
USING ORTHOFORM TEMPLATES BY 3M

UNITEK

Frequency Percent

Arch form Ovoid 133 53.2

Square 23 9.2

Tapering 94 37.6

Total 250 100.0
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while that with diagnostic orthoform templates is
presented in table 2. According to the results of both
methods the ovoid arch form was most prevalent while
squarish arch form was least prevalent. The Chi square
test was used to determine the statistical difference
between the results of two, the calculated p-value was
<0.001 which is statistically significant. Cross tabula-
tion was done to evaluate the congruence of two
methods and the results showed that these have 87%
congruence on ovoid arch form, 0% on square and 5.3
% on tapering arch form as shown in table 3.

DISCUSSION

In the present study, the results of two different
methods for dental arch form analysis were compared.
One, based on mathematical calculations by Noroozi
and the other based on morphological evaluation by
using diagnostic orthoform templates by MBT appli-
ance system of 3M Unitek. Various arch forms and sub
forms are described in literature, however; the basic
arch forms; ovoid tapering and squarish were consid-
ered in this study.

Significant difference in the results (p<0.001) and
frequency distribution of arch shapes was found by
using these methods. Overall, both methods revealed
subjects with majority of ovoid arch forms followed by
tapering and squarish respectively. Comparative analy-
ses for discussion were done only with those studies
which worked on maxillary arch forms because of huge
difference in morphological behavior of mandible to
maxilla.10,21,22

In their quest to discover a consistent method
Noroozi etal. tried to find a mathematical model that

could  determine the arch form with only one equation
because the most commonly used mathematical method,
beta function was insufficient to describe an expanded
dental arch approximating the square shape. Beta
function describes square arch form by two equations,
i.e., the hyperbolic cosine function for the six anterior
teeth and the beta function for the posterior teeth.23

Noroozi advocated that his model, would represent
ovoid, tapered and square arches with high accuracy.
However, they applied the model on only 23 casts of
angle’s class I cases. Nevertheless, mathematical mod-
els require voluminous data and time9.  Ovoid arch
form was the most frequent arch in our study, this
correlates to the results shown by two earlier studies
on the same population group.10,24 However both these
studies reported square arch form as second most
common followed by tapering arch form. The study by
Saleem24 used Noroozi’s mathematical model and the
difference with present study could be because of
variation in sample size. Zia10 used subjective method
for arch form determination. Here the difference might
be because of large sample size as well as selection of
a different method. Even though the subjective method
is clinically convenient but it is not reproducible and
consistent.

In a study on the morphological characteristics of
Saudi sample21 641-paired casts were analyzed and
ovoid arch form was reported to be the most common
type, which relates well to the present study. However,
according to the Nakatsuka study25 the round square
arches were the most frequent ones. In the study of
Bong ho lee26 square tapering arch was the most
prevalent. These dissimilarities might be due to racial
differences.

TABLE 3: NOROOZI, DIAGNOSTIC ORTHOFORM; CROSS TABULATION

Diagnostic Orthoform (DO)
Ovoid Square Tapering Total

Noroozi Ovoid Count 116 12 78 206
% within DO 87.2% 52.2% 83.0% 82.4%

Square Count 5 0 11 16
% within DO 3.8% .0% 11.7% 6.4%

Tapering Count 12 11 5 28
% within DO 9.0% 47.8% 5.3% 11.2%

Total Count 133 23 94 250
% within DO 100.0% 100.0% 100.0% 100.0%



350Pakistan Oral & Dental Journal Vol 31, No. 2 (December 2011)

Arch form analysis: A comparison of two different methods

It is generally acknowledged that there is natural
variation of arch form with race and gender27 and no
single arch form is characteristic of a specific malocclu-
sion. Hence the customization of arch wires is always
required.28 The MBT appliance system offers three
preformed arch forms that conform to the most com-
mon natural arches, providing the versatility to best
match an arch form for each patient. Starting orth-
odontic treatment by determining an arch form, re-
sults in fewer wire bends made on chairside17,20 contrib-
uting to greater stability in long term.

MBT appliance system is based on four parts of
dental arch that is anterior curvature, intercuspid
width, posterior curvature and intermolar width. The
average range of intercuspid width is 6mm in the three
basic arch forms of natural dentition17,20 MBT appliance
system is based on the same fact. Therefore it is
suitable for orthodontic patients as it is very difficult to
make adjustments from cuspid to cuspid as opposed to
molar area.17 The system calls for use of three clear
plastic templates, the diagnostic orthoforms that can
be placed over study model allowing to select arch form
with proper intercuspid width and anterior curvature.17

This means less chair side time and less manipulations
to fit in patients original arch form.29 These templates
have also been used by Nojima et al in their study of
clinical arch forms.30

In another study diagnostic orthoform templates
were used in dental arch form analysis on plaster casts
and results were compared with the arch forms ob-
tained thru Cone beam computed technology (CBCT)
images.31 There was strong positive correlation be-
tween the values obtained in CBCT images and plaster
casts, as well as the absence of significant differences
between evaluations of the shape of dental arches by
both methods.31

In the present study we found that the use of diag-
nostic templates is simple, clinically convenient and is
quicker as compared to the mathematical calculations.
This study was designed to explore the results of two
arch form determining methods having different basis,
in order to observe if they generate same results or not.
However they both ended up with different results.

As there is a significant difference in the results of
two methods as well as their frequency distribution
both of these or at least one is not reliable for arch form

analysis. The limitation of our study was that reliabil-
ity and validity of these methods were not explored
concurrently so that a superior method could be sug-
gested. It is recommended that further studies be
conducted which should take into account the reliabil-
ity and validity of various arch form determining
methods, so that a gold standard may be established.

CONCLUSIONS

1 According to both methods, the most common
was ovoid while least common arch form was
squarish.

2 Difference in frequency distribution of three
arch forms by both methods was found.

3 There is a statistically significant difference
(p-value <0.001) in the results of both methods.

REFERENCES

1 McNamara C, Drage K, Sandy J, Ireland A. An evaluation of
clinicians’ choices when selecting archwire. Eur J Orthod.
2010;32 (1):54-59.

2 Braun S, Hnat WP, Fender DE, Legan HL. The form of the
human dental arch. Angle Orthod. 1998;68(1):29-36.

3 Noroozi H, Nik TH, Saeeda R. The dental arch form revisited.
Angle Orthod. 2001;71(5):386-89.

4 Thompson A, Dewey M. The teeth of higher apes and man. In
comparative dental anatomy. 2nd ed. St.Louis: Mosby; 1915.

5 Yamazaki k. A study on the dental arch forms of Japenese.
JNDA. 1934;27:74-89.

6 Mills J. The stability of the lower labial segment A Cephalom-
etric study. Dent Pract. 1968;18:293-306.

7 Proffit W. Equilibrium theory revisited. Factors influencing
position of teeth. Angle Orthod. 1978;48:175 - 86.

8 Riyu T, Otani S, Kikuchi H, Himuru T. Quantitative analysis
of dental arch configurations: comparison of Japanese and
Indian mandibular dental arch configuration. Orthod waves.
2003;62:224-27.

9 Kumabe S, Nakatsuka M, Iwai-Liao Y, Imbe H, Kim G.
Morphological classification of mandibular dental arch forms
by correlation and principal component analyses. Okajimas
Folia Anat Jpn. 2005;82(2):67-77.

10 Zia M, Azad AA, Ahmed S. Comparison of Distance between
maxillary central incisors and incisive papilla in dentate
individuals with different arch froms. J Ayub Med Coll
Abbottabad. 2009;21(4):125-28.

11 Boucher C, Hickey J, Zarb G, Swenson M. Prosthodontic
treatment for edentulous patients. Saint Louis: CV Mosby;
1975.

12 Jivraj S, Chee W, Corrado P. Treatment planning of the
edentulous maxilla. Br Dent J. 2006;201:261-79.



351Pakistan Oral & Dental Journal Vol 31, No. 2 (December 2011)

Arch form analysis: A comparison of two different methods

13 Monzawi A, Farhang G. Comparison of stress distribution
around dental implants in three mandibular arch types by
finite element analysis. J Dent 2001;13:3-4.

14 De la Cruz A, Sampson P, Little R, Årtun J, Shapiro P. Long
term changes in arch form after orthodontic treatment and
retention. Am J Orthod Dentofacial Orthop. 1995;107:
518 – 30.

15 Slaja M, Spaljb S, Pavlinc D. Dental archforms in dentoalveo-
lar Class I, II and III. AngleOrthod. 2010;80:919-24.

16 Reitan K. Principles of retention and avoidance of post treat-
ment relapse. Am J Orthod. 1969;55:776-90.

17 Koga M. MBT Philosophy of orthodontic treatment- A per-
sonal interview. The orthodontic cyberjournal; 1998.

18 Huang SJ, Chou TM, Lee HE, Wu YC, Yang YH, Ho CD, et al.
Exploring the distance between upper central incisor edge and
incisive papilla in Taiwanese population. Taiwan J Oral Med
Health Sci. 2004;20:4-10.

19 Ordubazary M, Baksh S, Sheibaninia A, Golabchyphar A.
Mathematical and graphical evaluation of the dental arch
shape in subjects with normal occlusion. PAKJOPCOD.
2003;2:10-12.

20 Efficient Treatment Solutions for clinical excellence. Avail-
able from: multimedia.3m.com/mws/mediawebserver?
mwsId=SSSSSu7zK1.

21 Khalid M, Balkhi M, Zahrani A. The Pattern Of Malocclusions
In Saudi Arabian Patients Attending For Orthodontic Treat-
ment at the College of Dentistry, King Saud University,
Riyadh. Saudi Dent J. 1994;6(3):138-44.

22 Ferrario V, Sforza C, Miani AJ, Tartaglia G. Maxillary versus
mandibular arch form differences in human permanent

dentition assessed by Euclidean-distance matrix analysis.
Arch Oral Biol. 1994;39:135-39.

23 Hnat W, Braun S, Chinhara A, Legan H. The relationship of
arch length to alterations in dental arch width. Am J Orthod
Dentofacial Orthop. 2000;118:184-88.

24 Saleem T. Incisive Papilla-Maxillary Central Incisor Distance
in Subjects of Various Arch and Face Forms. Karachi: College
of Physians and Surgeons Pakistan; 2007.

25 Nakatsuka M, Iwai Y, Jue S, Oh S, Guo L, Tominaga Y,
et al. A morphological study on the classification of maxil-
lary dental arches. Okajimas Folia Anat Jpn. 2004;81(1):
5-13.

26 Lee B, Chung C. A comparison of the form of face,the dental
arch and the maxillary central incisor. J Korean Acad
Prosthodont. 1992;30(2):273-85.

27 Burris B, Harris E. Maxillary arch size and shape in
American blacks and whites. Angle Orthod. 2000;70(4):
297-302.

28 Felton JM, Sinclair PM, Jones DL, Alexander RG. A
computerized analysis of the shape and stability of man-
dibular arch form. Am J Orthod Dentofacial Orthop. 1987;92:
478 - 83.

29 Moses R. Arch Form Integrity. Orthodontic Perspectives.
2010;27(2):13-15.

30 Nojima K, McLaughlin RP, Isshiki Y, Sinclair P. A comparative
study of Caucasian and Japanese mandibular clinical arch
forms. Angle Orthod. 2001;71(3):195.

31 Magalhaes LNC. Comparative assessment of the dental arches
in cone beam tomography and plaster models. Sao Paulo:
Universidade Cidade de Sao Paulo; 2009.


