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Arch Widths in Adults with Class I Crowded and Class III Malocclusions
Compared with Normal Occlusions
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Frank J. Kohoutd; Jane R. Jakobsene

ABSTRACT
Objective: To test the hypothesis that there is no difference between adults with Class I crowded
(CICR), Class III (CIII), and Class I normal (CIN) occlusions with respect to (1) arch widths, (2)
width of the maxillary and mandibular arches, (3) gender dimorphism within groups, and (4) gender
comparisons.
Materials and Methods: Samples of 39 CICR subjects, 40 CIII subjects, and 40 CIN subjects
were studied. All subjects were white Americans with no history of orthodontic treatment. An
analysis of variance and Duncan’s test statistically compared the groups and genders.
Results: The CICR group had mean maxillary and mandibular intermolar and alveolar arch widths
significantly smaller than the CIN group. The CIII group had mean maxillary intermolar and al-
veolar arch widths significantly smaller than the CIN group. Mean maxillary and mandibular in-
tercanine arch widths were similar in the three groups. The CICR and CIN groups had similar
mean maxillary/mandibular intermolar and alveolar differences significantly larger than the nega-
tive differences observed in the CIII group. Gender dimorphisms were identical in the CIII and
CIN groups. The CICR group differed by not having a gender dimorphism in the maxillary alveolar
width and having a gender dimorphism in the mandibular intercanine width. Gender comparisons
between groups were similar in intercanine widths but differed in other widths.
Conclusions: The hypothesis was rejected by the findings of this study.
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INTRODUCTION

Previous studies that compared arch widths in adult
subjects having Angle1 Class I crowded (CICR) and
Class III (CIII) malocclusions and Class I normal (CIN)
occlusions have left unanswered questions.

Mills2 compared the arch widths of crowded and
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well-aligned Class I occlusions in young American
white men. The 18 men with crowding had maxillary
and mandibular second premolar arch widths signifi-
cantly smaller than the 32 men with ideal alignment.
Howe et al3 compared the arch widths of 54 CIN sub-
jects with 50 subjects having gross dental crowding
(no Angle class was given). Maxillary and mandibular
canine and molar alveolar arch widths were signifi-
cantly larger in the CIN group in both genders.

Two studies compared the arch widths of adoles-
cents with crowding (CR) and without crowding (NC)
but did not specify the Angle class. Radnzic4 com-
pared the maxillary and mandibular intermolar widths
in 60 British and 60 Pakistani boys aged 13 to 15
years. Maxillary intermolar widths were significantly
smaller in the CR group than in the NC group in both
samples. Mandibular intermolar widths were signifi-
cantly smaller in the CR group than in the NC group
in only British boys. Chang et al5 compared the arch
widths of 74 males and females with crowded arches
(CR) and 89 Chinese males and females with good
alignment. The average age of the subjects was 15
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Table 1. Comparison of Arch Width Studiesa

Widths IN vs ICR ICR vs III IN vs III

Maxilla

Intercanine Kuntz IN � ICR P, �, � Kuntz ICR � III P, �, � Kuntz IN � III P, �, �

Chang NC � CR � Al-Khateeb ICR � III P Herren IN � III P
Chang NC � CR � Uysal IN � III P

Intermolar Kuntz IN � ICR P, �, � Kuntz ICR � III P, �, � Kuntz IN � III P, �, �

Chang NC � CR �, � Al-Khateeb ICR � III P Herren IN � III P
Radnzic NC � CR � Br, Pk Uysal IN � III P

Alveolar Kuntz IN � ICR P, � Kuntz ICR � III P, �, � Kuntz IN � III P, �

Kuntz IN � ICR � Kuntz IN � III �

Howe IN � CR �, � Uysal IN � III P

Mandible

Intercanine Kuntz IN � ICR P, �, � Kuntz ICR � III P, �, � Kuntz IN � III P, �, �

Chang NC � CR � Al-Khateeb ICR � III P Herren IN � III P
Chang NC � CR � Uysal IN � III P

Intermolar Kuntz IN � ICR P, � Kuntz ICR � III P, � Kuntz IN � III P, �, �

Kuntz IN � ICR � Kuntz ICR � III � Herren IN � III P
Chang NC � CR �, � Al-Khateeb ICR � III P Uysal IN � III P
Radnzic NC � CR � Br
Radnzic NC � CR � Pk

Alveolar Kuntz IN � ICR P, �, � Kuntz ICR � III P, �, � Kuntz IN � III P, �, �

Howe IN � CR �, � Uysal IN � III P

a IN indicates Class I normal; NC, noncrowded; ICR, Class I crowded; CR, crowded; III, Class III; P, genders pooled; �, male; �, female;
Br, British; Pk, Pakistani.

years. Genders were not pooled. The maxillary inter-
canine widths of both groups were similar in males but
larger in CR females. The mandibular intercanine
widths of both groups were similar in females but larg-
er in CR males. The maxillary and mandibular inter-
molar arch widths were smaller in the CR group in both
genders (Table 1). The CR group had no gender di-
morphism in widths. The NC group had dimorphism
(male � female) in all widths. The maxillary gender
comparisons for male intercanine and intermolar
widths were, respectively, CR � NC, CR � NC; for
females, CR � NC, CR � NC. Mandibular compari-
sons for male intercanine and intermolar widths were,
respectively, CR � NC, CR � NC; for females, CR �
NC, CR � NC (Table 1).

Herren and Jordi-Guilloud6 compared the arch
widths of 30 CIII and 30 ideal occlusion subjects. All
were white Germans with permanent dentitions includ-
ing erupted second molars. The researchers found
that the maxillary intermolar width of CIII subjects was
slightly smaller (minimally significant) than those with
ideal occlusion. Other arch widths were similar in the
two groups. Uysal et al7 compared arch widths in a
large sample of CIII Turkish subjects with an average
age of 15 years with subjects with normal occlusions
who averaged 21 years of age. They reported that the
maxillary intercanine widths were similar in CIII mal-
occlusions and CIN occlusions. The maxillary inter-
molar and molar alveolar widths were smaller in CIII
than in CIN occlusions. In the mandible, CIII malocclu-
sions had larger intercanine and intermolar widths

than CIN occlusions, and the two groups had similar
molar alveolar widths (Table 1). Al-Khateeb and Abu
Alhaija8 compared arch widths in 13- to 15-year-old
Jordanian students with CICR and CIII malocclusions.
They reported that maxillary and mandibular intercan-
ine and intermolar widths were similar in both groups
(Table 1).

Buschang et al9 reported arch widths for CICR adult
females but performed no comparisons with normal or
CIII occlusions. Nojima et al10 and Kook et al11 com-
pared arch widths in Class I, Class II, and Class III
malocclusions in different populations but not within
each population.

Previous studies have compared samples with gen-
ders pooled6–8 or separated.2–5 No previous study has
described gender dimorphism in CIII subjects nor com-
pared genders between CIII and CIN. No previous
study has reported on differences between maxillary
and mandibular arch widths in CICR and CIII maloc-
clusions. The objective of this study is to test the hy-
pothesis that there is no difference between adults
with CICR, CIII, and CIN occlusions with respect to (1)
arch widths, (2) differences between maxillary and
mandibular arch widths, (3) gender dimorphism within
groups, and (4) gender comparisons. For comparison
with previous studies, results will include gender-
pooled and gender-specific analyses.

MATERIALS AND METHODS

All subjects were white Americans with no history of
orthodontic treatment. A statistical analysis based on
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Table 2. Ages of the Subjects in Years

Occlusion Group n Mean Minimum Maximum

Class I crowded males 20 21.5 16.1 38.3
Class I crowded females 19 21.1 14.7 29.2
Class III males 20 22.3 16 38.2
Class III females 20 19.3 13 32
Class I normal males 20 22.5 16.6 27.9
Class I normal females 20 18.3 13.4 29.4

data collected from previous arch width studies was
used to determine the sample size for the power of the
tests.12–14 It concluded that a sample size of approxi-
mately 20 subjects for each gender gave adequate
power. Records for 119 subjects included plaster casts
with intact and fully erupted permanent incisors, ca-
nines, premolars, and first molars. The CICR subjects
were randomly selected from 55 males and 73 females
who met inclusion criteria, and the CIII subjects were
randomly selected from 27 males and 38 females who
met inclusion criteria; all presented for treatment in the
Department of Orthodontics between 1960 and 1992.
The control subjects were physically normal children
unselected with respect to facial-dental characteris-
tics.15 Angle classification was determined in centric
occlusion.

A sample of 39 CICR subjects, 20 males and 19
females (1 subject was rejected for insufficient crowd-
ing), was selected using the following inclusion criteria:
(1) bilateral Class I canine and molar relationships, (2)
2.3 mm and greater mandibular crowding, and (3) no
anterior or posterior open bite or crossbite.

A sample of 40 CIII subjects, 20 males and 20 fe-
males, was selected using the following inclusion cri-
teria: (1) bilateral Class III canine and molar relation-
ship, the mesiobuccal cusp tip of the maxillary first mo-
lar occluded within 1 mm of the distal marginal ridge
of the mandibular first molar, and (2) no tooth crowded
out of the arch (to avoid confusion in Angle classifi-
cation).

A control sample of 40 CIN subjects, 20 males and
20 females with excellent to good occlusion, consisted
of all available subjects from the Iowa Facial Growth
Study who met the following inclusion criteria: (1) bi-
lateral Class I molar and canine relationships, (2) 1.5
mm or less crowding and no more than 2.4 mm of
spacing in the mandibular arch, and (3) no anterior or
posterior open bite or crossbite.

To differentiate the CICR sample from the CIN sam-
ple, mandibular crowding was calculated by subtract-
ing the sum of the mesiodistal widths of teeth from the
sum of six arch length segments mesial to the first
molars. Positive remainders indicated spacing; nega-
tive remainders indicated crowding. An analysis of var-
iance revealed significant differences (P � .0001) be-
tween occlusion groups computed with genders
pooled. The CICR sample had significant crowding:
mean �7.0 � 3.1 mm, minimum �2.3 mm, and max-
imum �18.1 mm. Two males (10%) and two females
(10.5%) had moderate crowding of �4 mm or less;
those more negative than �4 mm (89.7% of the
pooled sample) had severe crowding, after the guide-
lines proposed by Hunter and Smith for Class I crowd-
ing.16 The CIII group had significantly less crowding
than the CICR group did: mean �1.4 � 4.0 mm, min-

imum �9.7 mm, and maximum �10.7 mm. The CIN
group had significantly less crowding than the CIII
group: mean 0.2 � 1.0 mm, minimum �2.4, and max-
imum �1.5 mm.

The minimum age of the subjects chosen for this
study was based on evidence reporting no significant
change in the first molar and canine arch widths after
age 13 in females and 16 in males.17–21 The ages of
the subjects are shown in Table 2.

The following six arch width measurements were
taken with a dial calipers on the dental casts of each
subject: (1) maxillary intercanine width between cusp
tips, (2) maxillary intermolar width between the mesio-
buccal cusp tips of the first molars, (3) maxillary al-
veolar width at the mucogingival junctions above the
mesiobuccal cusp tips of the first molars, (4) mandib-
ular alveolar width at the mucogingival junctions below
the buccal grooves of the first molars, (5) mandibular
intermolar width between the points on the main buc-
cal grooves located vertically at the middle of the buc-
cal surfaces of the first molars, and (6) mandibular in-
tercanine width between cusp tips (Figure 1). Mandib-
ular arch widths were subtracted from maxillary arch
widths to calculate the maxillary/mandibular arch width
differences.

All cast measurements were taken with Mitutoyo
digital calipers (Mitutoyo Corporation, Kawasaki, Ja-
pan) capable of measuring to the nearest 1/100th of a
millimeter. One investigator (Dr Kuntz) took two mea-
surements of each variable. Pearson correlation co-
efficients between his first and second measurements
ranged from r � .96 to r � .99. A second measurer
took double measurements in 15% of all subjects. Stu-
dent t-tests for interexaminer error showed only three
significant differences, all in variables used to compute
mandibular crowding: second premolar widths and left
incisor arch length. The mean differences were 0.1
mm. Averages of the measurements by Dr Kuntz were
used in all subsequent statistical analysis. A 2 � 3
factorial analysis of variance and Duncan’s tests were
used to compare the two genders and three occlusion
groups. An alpha of .05 was chosen.

RESULTS
Gender-Group Interactions

None of the gender-group interactions were signifi-
cant (analysis of variance [ANOVA]).
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Figure 1. Measurement of widths: (1) maxillary intercanine, (2) max-
illary intermolar, (3) maxillary alveolar, (4) mandibular alveolar, (5)
mandibular intermolar, and (6) mandibular intercanine.

Table 3. Comparison of Arch Widths in Class I Crowded (CICR) and Class III (CIII) Malocclusions and Normal Occlusions (Genders Pooled)

Variable N F Value P � F a

Duncan’s
Letterb

Mean � SD,
mm n Group

Gender
Dimorphismc

Maxillary intercanine width 119 1.97 .1441 A 34.1 � 2.2 40 Normal occlusion No
A 33.4 � 2.5 39 CICR No
A 32.9 � 3.1 40 CIII No

Maxillary intermolar width 119 6.89 .0015 A 51.7 � 2.8 40 Normal occlusion M � F
B 50.0 � 3.9 40 CIII M � F
B 49.6 � 3.1 39 CICR M � F

Maxillary alveolar width 119 10.73 .0001 A 58.8 � 3.8 40 Normal occlusion M � F
B 56.3 � 2.8 39 CICR No
B 55.9 � 3.5 40 CIII M � F

Mandibular intercanine width 119 1.86 .1602 A 25.5 � 1.6 40 Normal occlusion No
A 25.4 � 1.7 40 CIII No
A 24.8 � 2.3 39 CICR M � F

Mandibular intermolar width 119 8.23 .0005 A 51.8 � 3.4 40 CIII M � F
A 51.2 � 2.5 40 Normal occlusion M � F
B 49.6 � 3.0 39 CICR M � F

Mandibular alveolar width 119 10.96 .0001 A 56.7 � 3.3 40 CIII M � F
A 56.5 � 2.6 40 Normal occlusion M � F
B 54.5 � 2.8 39 CICR M � F

a Probability value F test, significance at P � .05.
b Significant differences at P � .05; groups with same letter do not differ.
c Significant differences at P � .05, Duncan’s test.

Arch Width Comparisons in the Maxilla

With genders pooled, no differences were observed
between groups in mean intercanine widths. The
mean intermolar and alveolar widths in the CICR and
CIII groups were both similar and significantly smaller
(ANOVA P � .002 and P � .0001, respectively) than
the CIN group (Table 3).

Arch Width Comparisons in the Mandible

With genders pooled, no differences were observed
between groups in mean intercanine widths. The
mean intermolar width of the CICR group was signifi-
cantly smaller (ANOVA P � .0005) than the mean in-
termolar widths of the CIII and CIN groups, which had
similar means. The mean alveolar width of the CICR
group was significantly smaller (ANOVA P � .0001)
than the mean alveolar widths of the CIII and CIN
groups, which had similar means (Table 3).

Gender Dimorphism and Comparisons

In the maxilla, no gender dimorphism was observed
for intercanine width in all three groups (Table 3).
Males had significantly larger intermolar arch widths
than females in all three groups. Males in the CIII and
CIN groups had significantly larger alveolar widths
than females, but the CICR group had no gender di-
morphism (Table 3).

In the mandible, CICR males had significantly larger
intercanine widths than CICR females, but no gender
dimorphism occurred in the CIII and CIN groups for
this width. Males had significantly larger intermolar
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Table 4. Gender Dimorphisms and Comparisons in Arch Widths Between Occlusion Groups (N � 119)a

Width F Value PR � F b

Duncan’s
Letterc Mean � SD, mm n Occlusion Group

Maxilla

Intercanine 5.09 .0260 A 34.9 � 2.3 20 Normal males
AB 33.9 � 2.1 20 CICR males
AB 33.3 � 1.7 20 Normal females
AB 33.3 � 3.6 20 CIII males
B 33.0 � 2.9 19 CICR females
B 32.6 � 2.4 20 CIII females

Intermolar 31.99 .0001 A 53.4 � 2.3 20 Normal males
B 51.4 � 2.6 20 CICR males
B 51.1 � 4.0 20 CIII males
BC 50.3 � 2.2 20 Normal females
CD 48.9 � 3.6 20 CIII females
D 47.7 � 2.4 19 CICR Females

Alveolar 25.41 .0001 A 60.8 � 3.9 20 Normal males
B 57.6 � 3.0 20 CICR males
BC 56.9 � 3.8 20 CIII males
BC 56.9 � 2.3 20 Normal females
C 55.0 � 2.0 19 CICR females
C 54.8 � 2.9 20 CIII females

Mandible

Intercanine 8.16 .0051 A 25.9 � 1.5 20 CIII males
A 25.8 � 1.9 20 Normal males
A 25.4 � 1.9 20 CICR males
AB 25.1 � 1.1 20 Normal females
AB 25.0 � 1.9 20 CIII females
B 24.1 � 2.5 19 CICR females

Intermolar 45.36 .0001 A 53.0 � 3.1 20 CIII males
A 52.8 � 2.0 20 Normal males
AB 51.6 � 2.3 20 CICR males
BC 50.7 � 3.4 20 CIII females
C 49.6 � 1.9 20 Normal females
D 47.6 � 2.3 19 CICR females

Alveolar 54.80 .0001 A 58.4 � 1.8 20 Normal males
A 58.0 � 2.0 20 CIII males
B 56.2 � 2.1 20 CICR males
B 55.4 � 3.2 20 CIII females
B 54.7 � 1.8 20 Normal females
C 52.6 � 1.3 19 CICR females

a CICR indicates Class I crowded; CIII, Class III.
b Probability value F test, significance at P � .05.
c Significant differences at P � .05; groups with the same letter do not differ.

and alveolar widths than females in all occlusion
groups (Table 3).

In the maxilla, gender comparisons revealed simi-
larity in intercanine width (Table 4). Comparisons for
intermolar width were CICR � III � CIN in males and
CICR � CIN, CIII � CIN, in females. Comparisons for
alveolar width were CICR � CIII � CIN in males and
CICR � CIII � CIN in females (Table 4).

In the mandible, gender comparisons revealed sim-
ilarity in intercanine width. Comparisons for intermolar
width were CICR � CIII � CIN in males and CICR �
CIII � CIN in females. Comparisons for alveolar width
were CICR � CIII � CIN in males and CICR � CIII �
CIN in females (Table 4).

Maxillary Minus Mandibular Arch Width
Differences

With genders pooled, the three groups had similar
mean intercanine width differences (Table 5). The CIII
group had a significantly smaller (ANOVA P � .0001)
and more negative mean intermolar width difference
than the other groups, which had similar differences.
The Class III group had a significantly smaller (ANOVA
P � .0001) and negative mean alveolar width differ-
ence than the other occlusion groups, which had sim-
ilar and positive differences (Table 5).

No gender dimorphisms were observed in the dif-
ferences between maxillary and mandibular interca-
nine, intermolar, and alveolar widths (Table 5).
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Table 5. Comparison of Maxillary Minus Mandibular Arch Width Differences (Genders Pooled)a

Variable N F Value P � F b

Duncan’s
Letterc Mean � SD, mm n Group

Gender
Dimorphismd

Intercanine difference 119 2.77 .0669 A 8.7 � 2.8 39 CICR No
A 8.6 � 1.6 40 Normal occlusion No
A 7.5 � 2.8 40 CIII No

Intermolar difference 119 15.00 .0001 A 0.7 � 1.3 40 Normal occlusion No
A �0.1 � 1.4 39 CICR No
B �1.8 � 3.0 40 CIII No

Alveolar difference 119 14.71 .0001 A 2.3 � 2.9 40 Normal occlusion No
A 1.8 � 2.7 39 CICR No
B �0.9 � 2.8 40 CIII No

a CICR indicates Class I crowded; CIII, Class III.
b Probability value F test, significance at P � .05.
c Significant differences at P � .05; groups with the same letter do not differ.
d Significant differences at P � .05, Duncan’s test.

DISCUSSION

The null hypothesis for arch widths was rejected,
except for maxillary and mandibular intercanine
widths. The null hypothesis for maxillary/mandibular
differences was rejected, except for intercanine differ-
ence. The null hypothesis for gender dimorphism was
not rejected, except for maxillary alveolar and mandib-
ular intercanine widths. The null hypothesis for gender
comparisons was rejected except for maxillary and
mandibular intercanine widths, maxillary alveolar
widths in females, and mandibular intermolar widths in
males.

The nonsignificant interaction between the gender
and occlusion group is explained by the similarity in
gender dimorphism observed in these groups. Gender
dimorphisms were identical in the CIII and CIN groups.
The CICR group differed from the other groups by not
having dimorphism in maxillary alveolar width and hav-
ing dimorphism in the mandibular intercanine width.

The findings of this study agreed with those of Mills.2

Although the present study measured arch widths
across the first molars rather than the second pre-
molars, these teeth are adjacent in the arches. The
findings of this study for intermolar widths in the CICR
and CIN groups agreed with the findings of Radnzic,4

assuming the British males had Class I occlusions. His
results in Pakistani males differed from this study (Ta-
ble 1). The findings of Chang et al5 for maxillary inter-
canine width in males and intermolar widths in both
genders agreed with this study. Their findings for man-
dibular intercanine and intermolar widths in females
agreed with this study. Comparisons with the work of
Chang et al5 assume that the NC and CR samples had
Angle Class I occlusions. The comparison of maxillary
alveolar widths in the CIN and CICR groups in this
study agreed with the findings of Howe et al3 for males
but not for females; mandibular alveolar comparisons
of this study agreed with Howe et al (Table 1). Com-

parisons with Howe et al3 assume that the crowded
sample had Angle Class I occlusions.

The report by Herren and Jordi-Guilloud6 on maxil-
lary and mandibular intercanine and intermolar widths
of Class III and ideal occlusions was supported by this
study. The findings of this study comparing CIII and
CIN agreed with those of Uysal et al7 in maxillary in-
tercanine, intermolar, and alveolar widths and mandib-
ular alveolar widths. The findings of this study did not
agree with Uysal et al7 for mandibular intercanine and
intermolar widths. The comparisons of this study be-
tween CICR and CIII agreed with those of Al-Khateeb
and Abu Alhaija,8 except for mandibular intermolar
width (Table 1).

The similarity in mandibular intercanine widths in the
occlusion groups of this study agreed with Chang et
al5 in females, Herren and Jordi-Guilloud,6 and Al-Kha-
teeb and Abu Alhaija.8

Only Chang et al5 reported information about gender
dimorphism. The CIN and NC samples agreed in in-
termolar widths but disagreed in intercanine widths.
The CICR and CR samples agreed only in maxillary
intercanine width (Table 6). The NC and CR samples
of Chang et al5 had a similar dimorphism within each
alignment group for all arch widths; the NC sample
exhibited dimorphism, and the CR sample had no di-
morphism. Dimorphism in the CIN and CICR samples
differed only in mandibular intercanine width. Differ-
ences between this study and Chang et al5 may be
explained by Angle class and population differences.

Howe et al3 and Chang et al5 compared genders.
This study disagreed with the study by Howe et al in
maxillary alveolar widths but agreed in mandibular al-
veolar widths. This study differed from the study by
Chang et al in three of eight comparisons (Table 1).

Differences between the results of the present study
and those reported by Radnzic4 for Pakistani males,
Chang et al,5 Uysal et al,7 and Al-Khateeb and Alhija8

probably represent population differences.
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Table 6. Gender Dimorphism in the Present Study (Kuntz et al) and in the Chang et al5 Samplesa

Arch Width Kuntz CIN Chang NC Kuntz CICR Chang CR

Maxillary canine � � � � � � � � � � � �

Maxillary molar � � � � � � � � � � � �

Mandibular canine � � � � � � � � � � � �

Mandibular molar � � � � � � � � � � � �

a CIN indicates Class I normal; CICR, Class I crowded; NC, noncrowded; CR, crowded; �, male; �, female.

The results of this study showed that the growth and
etiology of Class I crowded malocclusions involves
narrower than normal intermolar and alveolar arch
widths in both arches. The growth and etiology of
Class III malocclusions involves narrower than normal
maxillary intermolar and alveolar arch widths.

The difference calculated in this study between
maxillary and mandibular intermolar widths assumes
a Class I molar relationship as the goal of treatment.
The mean difference between the maxillary and man-
dibular intermolar widths in CICR adults (genders
pooled) was �0.1 mm, minimum �4.0 mm, and max-
imum �3.0 mm. The negative differences in this sam-
ple without posterior crossbites imply that some CICR
patients without a posterior crossbite could benefit
from widening of the maxillary arch. The mean differ-
ence between the maxillary and mandibular intermolar
widths in CIII patients (genders pooled) was �1.8 mm,
minimum �9.1 mm, and maximum �3.9 mm. The
negative differences observed in this sample of Class
III adults suggest that some of the patients whose goal
in treatment is a Class I molar occlusion could benefit
from expansion of the maxilla during treatment.

CONCLUSION

• The hypothesis was rejected by the findings of this
study.

REFERENCES

1. Angle EH. Classification of malocclusion. Dent Cosmos.
1899;41:248–264.

2. Mills LF. Arch width, arch length, and tooth size in young
adult males. Angle Orthod. 1964;34:124–129.

3. Howe RP, McNamara JA Jr, O’Connor KA. An examination
of dental crowding and its relationship to tooth size and arch
dimension. Am J Orthod. 1983;83:363–373.

4. Radnzic D. Dental crowding and its relationship to mesio-
distal crown diameters and arch dimensions. Am J Orthod
Dentofacial Orthop. 1988;94:50–56.

5. Chang HF, Shiau YY, Chen KC. The relationship of dental
crowding to tooth size, dental arch width, and arch depth.
Proc Natl Sci Counc Repub China B. 1986;10:229–235.

6. Herren P, Jordi-Guilloud T. Quantitative determination of the
dental arch by polygon measurement in the ideal and anom-
alous arch. Schweiz Mschr Zahnheilk. 1973;83:682–709.

7. Uysal T, Usumez S, Memili B, Sari Z. Dental and alveolar
widths in normal occlusion and Class III malocclusion. Angle
Orthod. 2005;75:809–813.

8. Al-Khateeb SN, Abu Alhaija ESJ. Tooth size discrepancies
and arch parameters among different malocclusions in a
Jordanian sample. Angle Orthod. 2006;76:459–465.

9. Buschang PH, Stroud J, Alexander RG. Differences in den-
tal arch morphology among adult females with untreated
Class I and Class II malocclusion. Euro J Orthod. 1994;16:
47–52.

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

11. 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 Or-
thop. 2004;126:680–686.

12. Kohout FJ. Statistics for Social Scientists: A Coordinated
Learning System. Malabar, Fla: Robert E. Krieger; 1986.

13. Staley RN, Stuntz WR, Peterson LC. A comparison of arch
widths in adults with normal occlusion and adults with Class
II, division 1 malocclusion. Am J Orthod. 1985;88:163–169.

14. Huth JB, Staley RN, Jacobs R, Bigelow H, Jakobsen J. Arch
widths in Class II-2 adults compared to adults with Class II-
1 and normal occlusion. Angle Orthod. 2007;77:837–844.

15. Meredith HV, Chadha JM. A roentgenographic study of
change in head height during childhood and adolescence.
Human Biol. 1962;34:299–319.

16. Hunter WS, Smith BRW. Development of mandibular spac-
ing crowding from nine to 16 years of age. J Canadian Dent
Assoc. 1972;38:178–185.

17. Moorrees CFA. The Dentition of the Growing Child. Cam-
bridge, Mass: Harvard University Press; 1959.

18. Knott VB. Size and form of the dental arches in children
with good occlusion studied longitudinally from age 9 years
to late adolescence. Am J Phys Anthropol. 1961;19:263–
284.

19. Sillman JH. Dimensional changes of the dental arches: lon-
gitudinal study from birth to 25 years. Am J Orthod. 1964;
50:824–842.

20. Knott VB. Longitudinal study of dental arch widths at four
stages of dentition. Angle Orthod. 1972;42:387–394.

21. DeKock WH. Dental arch depth and width studied longitu-
dinally from 12 years of age to adulthood. Am J Orthod.
1972;62:56–66.

D
ow

nloaded from
 https://prim

e-pdf-w
aterm

ark.prim
e-prod.pubfactory.com

/ at 2025-05-14 via free access


