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SUMMARY The association between the presence of palatally displaced maxillary canines
(PDC) and other anomalies is well known, particularly with regard to the size and form of
the lateral incisor. The present study investigated the connection between the maxillary
canine anomaly and the existence of a reduction in the size of the other teeth in the maxilla
in 58 consecutively treated patients (37 females, 21 males) aged 11-15 years, and com-
pared these with a control group of 40 consecutively treated subjects (20 males,
20 females) with normally erupted maxillary canines.

The findings indicate that the teeth of PDC males are reduced in size and similar to those
of PDC females, in sharp contrast to the general population, where males have larger teeth.
This is the result of a dimensional reduction in the teeth of PDC males, which was
statistically significant for all teeth (P < 0.01) in the bucco-lingual (B-L) dimension, and for
the first premolars and first molars in the mesio-distal (M-D) dimension. The sole teeth
affected for both sexes were the lateral incisors in their B-L dimension. Bilaterally and

unilaterally affected subjects presented differing M-D and B-L tooth dimensions.

Introduction

From earlier studies, it is known that palatally
displaced maxillary canine teeth (PDC) are
frequently found in dentitions that exhibit
various anomalies. These anomalies include
small, peg-shaped, and missing lateral incisors
(Becker et al., 1981, 1999; Zilberman et al., 1990;
Mossey et al., 1994; Baccetti, 1998), other missing
teeth (Bjerklin et al., 1992; Peck et al., 1996),
spaced dentitions (Jacoby, 1983; Zilberman et al.,
1990), late developing dentitions (Newcomb,
1959; Zilberman et al., 1990; Becker and
Chaushu, 2000), and several other features. Most
of these associated anomalies are themselves
linked with a reduction in size of other teeth in
the dentition.

These anomalies are almost entirely genetic in
origin. It is believed that the association of these
anomalies with PDC has a similar genetic asso-
ciation (Peck et al., 1996; Pirinen et al., 1996),
although there is evidence to show that palatal

displacement may occur due to local environ-
mental factors related to the absence, anatomical
abnormality, or late development of the adjacent
lateral incisor tooth (Becker et al., 1981; Brin
et al., 1986; Oliver et al., 1989; Zilberman et al.,
1990; Mossey et al., 1994; Shapira et al., 2000).
In dentitions featuring PDC, reduction in
tooth size, particularly lateral incisors, has been
recorded (Becker et al., 1981; Brin et al., 1986;
Oliver et al., 1989; Zilberman et al., 1990;
Langberg and Peck, 2000; Shapira et al., 2000).
Most of the PDC cases are characterized as being
‘non-extraction’ cases (Jacoby, 1983; Zilberman
et al., 1990; Peck et al., 1994), and the question
arises as to whether this is due to small teeth or
to large jaw size. In the English language
literature only a single investigation reports the
size of additional teeth and this was restricted
to mandibular central and lateral incisors
(Langberg and Peck, 2000). In that study mesio-
distal (M-D) and bucco-lingual (B-L) measure-
ments of the maxillary and mandibular incisors
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only were reported for the sample as a whole.
There was no attempt to investigate male/female
or unilateral/bilateral differences.

The present study was initiated to measure the
size of the maxillary teeth in PDC dentitions and
to determine:

1. Differences in size between the PDC and a
matched sample of patients in whom the
canine erupted normally.

2. Differences in size between the affected (with
the PDC) and non-affected sides in cases with
unilateral PDC.

3. Differences in size in cases with unilateral
PDC from those with bilateral PDC.

4. Differences between male and female
subjects.

Subjects and methods

Records of patients from three private ortho-
dontic practices in Jerusalem and Tel Aviv,
comprising 58 consecutively treated cases
exhibiting PDC, were collected. This PDC group
was made up of 37 females and 21 males, aged
11-15 years. The unequal distribution between
the sexes for this anomaly, as illustrated in this
sample of consecutive cases, is characteristic
(Dachi and Howell, 1961; Johnston, 1969; Becker
et al., 1981; Oliver et al., 1989). The diagnosis was
made on the basis of clinical examination and
standardized radiographs (Seward, 1963; Hunter,
1981; Becker, 1998), and confirmed visually at
the time of surgical exposure.

A second group of 40 consecutively treated
subjects, in whom the maxillary canine teeth had
erupted normally as diagnosed from the plaster
casts, comprised 20 females and 20 males. Since
the male and female experimental and control
groups were not combined for comparison in
their unequal proportions, and since each of
these groups was of sufficient size for statistical
comparison, there was no reason to disturb the
consecutive nature of the control series by arti-
ficially matching the actual numbers of control
subjects.

Casts of the maxillary dental arch were
available for each of the patients of both groups.
The M-D and B-L widths of all the erupted
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permanent teeth mesial to the first molars were
measured directly on the plaster casts, to an
accuracy of 0.1 mm using a dial caliper with
ground tips. Teeth that were not fully erupted
were excluded and measurements were not
carried out where caries or restorations obscured
one of the surfaces. Measurements were obtained
on both sides of the dental arch, and the results
for males and females were recorded separately.

The significance of differences between the
means of the groups was tested by a Student’s
t-test.

Experimental errors were analysed by a trial,
in which 10 casts, selected at random, were
measured on two occasions. A Student’s ¢-test was
used to assess the significance of the differences
between the determinations. The experimental
error was determined by calculating the standard
deviation of a single determination (Dahlberg,
1940). Measurement errors ranged from 0.08
to 0.13mm, the weighted average standard
deviation of a single determination being 0.1 mm
for both M-D and B-L dimensions was not
significant. It was concluded that experimental
error was unlikely to bias the accuracy of tooth
measurement.

Results

Table 1 shows the distribution of unilateral and
bilateral cases in the PDC sample examined.

M-D measurements

1. In unilateral PDC cases, measurement of the
M-D width of the central and lateral incisors
yielded similar results for the affected and
unaffected sides for both males and females
(Table 2). Accordingly, these were combined
for further comparisons.

Table 1 Distribution of subjects with palatally
displaced canines (PDC).

Sex No. of subjects Bilateral cases Unilateral cases
Female 37 13 (35.1%) 24 (64.9%)
Male 21 7 (33.3%) 14 (66.6%)
Total 58 20 (34.5%) 38 (65.5%)
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Table 2 Unilateral PDC subjects: comparison between mesio-distal (M—D) and bucco-lingual (B-L) width of
the upper incisors in affected and unaffected sides.

Sex Side Central incisor Lateral incisor
Affected Unaffected P Affected Unaffected P

Female M-D 8.6 + 0.86 8.6 £ 0.85 NS 6.7 +0.74 6.6 = 0.68 NS
(n=24) B-L 6.7 +0.78 6.9 +1.18 NS 54+073 55+0.65 NS
Male M-D 8.4 +0.85 8.4 +0.86 NS 6.3 +0.92 6.4 +0.83 NS
(n=14) B-L 6.3 + 0.65 6.3 +0.82 NS 49+034 51+042 NS
Total M-D 8.5+0.84 8.5+0.85 NS 6.6 = 0.80 6.6 £0.73 NS
(n=138) B-L 6.6 +0.76 6.7 +1.01 NS 52+042 53 +0.66 NS
2. In the control group, there was considerable Table 3). The reverse was true for the bilateral

sexual dichotomy in the M-D width of the
teeth examined, with the teeth in the males
being larger, while there were no male-
female differences in the PDC group (Tables
3 and 4).

. Among the males only, there was a distinct

trend towards M-D narrower teeth in the
PDC group, compared with the control males,
although the difference reached statistical
significance only for the maxillary first
premolar and first molar, which were both
smaller by approximately 0.5 mm (Tables 3
and 4).

In general, the M-D width of female teeth
with bilateral PDC was smaller than the M-D
width in females with unilateral PDC, although
statistical significance was reached only for
the central and lateral incisors (P < 0.01;

PDC males, where a larger M-D width was
seen, compared with the unilateral PDC
males. However, statistical significance was
reached only for the upper lateral incisor,
which was 6.9 mm in bilateral and 6.3 mm in
unilateral cases, P < 0.05 (Table 4).

B-L measurements

1. In unilateral PDC cases, B-L widths of the

central and lateral incisors were similar for
the affected and unaffected side for both
sexes (Table 2). Accordingly, the B-L width of
the affected and unaffected sides in unilateral
cases was combined for further comparisons.

2. The mean B-L widths of all maxillary teeth in

PDC males were significantly smaller by
approximately 0.5 mm than in the control

Table 3 Mesio-distal (M-D) and bucco-lingual (B-L) tooth dimensions in females with palatally displaced
canines (PDC), total (T), unilateral (U), or bilateral (B), compared with the control group (C).

Tooth Total Unilateral Bilateral Controls P P P P
no. (n=37) (n=24) (n=13) (n=20) T/C U/B u/C B/C
1 M-D 8.5+0.82 8.6 +0.89 8.1 +0.56 82 +0.32 NS <0.01 <0.05 NS
B-L 6.6 £ 0.91 6.8 +0.78 6.2 +0.73 6.8 + 0.64 NS <0.01 NS <0.01
2 M-D 6.5+0.61 6.7 +0.74 6.3 +0.51 6.4 +0.54 NS <0.01 NS NS
B-L 53+0.70 55+0.72 5.0+0.75 58 +0.75 <0.01 <0.01 <0.05 <0.001
4 M-D 6.6 = 0.68 6.7 +0.77 6.5 +0.66 6.6 +0.37 NS NS NS NS
B-L 8.7 + 0.65 8.9 + 0.46 8.5 +0.69 8.9 + 0.66 NS <0.01 NS <0.01
5 M-D 6.5 +0.65 6.6 +0.75 6.4 +0.43 6.3 +0.31 NS NS NS NS
B-L 9.2 +0.45 9.4 +0.52 9.0 +£0.34 9.3 +0.52 NS <0.01 NS NS
6 M-D 10.1 £ 0.88 10.2 £ 0.72 9.9 +0.56 9.9 +0.45 NS NS NS NS
B-L 10.5 + 0.56 10.6 + 0.55 10.3 + 0.61 10.4 + 0.43 NS 0.05 NS NS
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Table 4 Mesio-distal (M-D) and bucco-lingual (B-L) tooth dimensions in males with palatally displaced
canines (PDC), total (T), unilateral (U), or bilateral (B), compared with the control group (C).

Tooth Total Unilateral Bilateral Controls P P P P
no. (n=21) (n=14) (n=17) (n =20) T/C U/B u/C B/C
1 M-D 8.4 +0.78 8.4 +0.85 8.4 +0.70 8.7 +0.47 NS NS NS NS
B-L 6.4 + 0.65 6.3 +0.65 6.7 £0.44 6.9 +0.54 <0.05 NS <0.001 NS
2 M-D 6.5 +1.00 6.3 +0.92 6.9 +0.38 6.8 +0.38 NS <0.05 <0.05 NS
B-L 52 +0.62 5.0+0.34 5.7 +0.60 5.9 +0.68 <0.01 <0.01 <0.001 NS
4 M-D 6.6 +0.51 6.5 +0.56 6.7 +0.44 7.1 +0.52 <0.01 NS <0.01 NS
B-L 8.8 +0.69 8.6 +0.68 8.8 £0.59 9.4 +0.59 <0.01 NS <0.01 <0.01
5 M-D 6.4 +0.52 6.3 +0.54 6.6 +0.49 6.6 +0.58 NS NS <0.05 NS
B-L 9.0 + 0.65 8.7 +0.48 9.3 £0.57 9.5 +0.80 <0.01 <0.01 <0.001 NS
6 M-D 10.1 £ 0.73 10.0 = 0.56 10.4 + 0.84 10.6 + 0.81 <0.05 <0.05 <0.01 NS
B-L 10.6 + 0.54 10.5 £ 0.53 10.7 = 0.64 10.9 £ 0.57 <0.05 NS <0.001 NS

male group (Table 4), although this was true
only for the upper lateral incisor, in the
female controls (Table 3).

3. The B-L width of teeth in PDC bilateral
female patients was significantly smaller than
in unilateral patients (P <0.01; Table 3).
Comparison of the bilateral cases and the
control group also revealed significantly
smaller B-L dimensions in the PDC bilateral
group, which were obscured when the
unilateral and bilateral cases were taken
together. In bilateral PDC males, the teeth
were similar in size to the control group, and
significantly larger than in the unilateral cases
(Table 4).

Discussion

It is known from earlier studies that palatally
displaced maxillary canines are more prevalent
among females than males. Nevertheless, the
finding that males and females show bilateral
occurrence in approximately one-third of the
cases (Nordenram and Stromberg, 1966; Becker
et al., 1981; Zilberman et al., 1990) is confirmed.

In agreement with earlier work (Becker et al.,
1981; Oliver et al., 1989; Brenchley and Oliver,
1997), the present study confirmed that in
unilaterally affected cases of PDC, there are no
M-D or B-L size differences between the central
and lateral incisors on the affected and
unaffected sides.

Typically, male controls display larger teeth
than females (Horowitz et al., 1958; Garn et al.,
1966, 1967; Goose, 1967; Alvesalo, 1971; Tables 2
and 3). In contrast, M-D tooth size in male and
female PDC cases, and in female controls, is
remarkably similar for all tooth types and the
trend for tooth size reduction exists only in
males, reaching statistical significance only for
the maxillary first premolars and first molars
(Table 3).

In the present study, all the maxillary teeth in
PDC males were significantly narrower (bucco-
lingually) than the controls, while most of the
teeth in PDC females were similar in size to the
controls. The only tooth that showed significant
reduction in B-L dimensions (P < 0.01) in both
sexes was the upper lateral incisor.

No explanation is readily available regarding
the gender-associated size reductions in first
premolars and first molars. These teeth are signifi-
cantly smaller (M-D and B-L) than the controls
(P <0.01) in PDC males. This is despite the fact
that these teeth are ontogenically ‘stable’ teeth
(Garn et al., 1963; Sofaer, 1970) and this trend is
not reflected in the M-D width of the more
variable second premolars. Excessive space in
the canine region has been proposed as a cause
of PDC (Jacoby, 1983). Based on the present
study, it can be seen that this may be due to size
reductions of the lateral incisor and first
premolar in males, although PDC is two to three
times more frequent in females (Dachi and
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Howell, 1961; Johnston, 1969; Becker et al., 1981;
Oliver et al., 1989).

The results of the present investigation reveal
significant differences between unilateral and
bilateral affected PDC cases. The teeth in the
unilaterally affected females are larger than
those in bilaterally affected females (Table 3),
suggesting that a more severe expression of size
reduction is compatible with a more severe
expression (i.e. bilateral occurrence) of the trait
(Johnston, 1969; Mossey et al., 1994). However,
the same parameters among the males show the
reverse, with larger teeth found in bilateral cases.
No explanation is readily available for this
apparent paradox (Table 4).

The data yielded by the present study reveal
important differences between PDC males and
females, relating to tooth size, which may have
implications regarding aetiology. When a PDC
group is studied as a whole, without subdividing
the genders into separate groups, these con-
trasting features become obscured by a mutual
cancellation.

Several authors have commented on the
existence of PDC in association with spaced
dentitions (Jacoby, 1983; Becker, 1984; Zilberman
et al., 1990; Peck et al., 1996). From the evidence
in the present study, it becomes clear that small
teeth may be responsible for the spacing in many
instances, particularly in males. Nevertheless,
small teeth are not always present and the
spacing may be the result of excessive arch
length.

Conclusions

In studies of random population samples, the
tooth dimensions of males are larger than those
of females. In contrast, a PDC sample shows:

1. No overall difference between the sexes. Both
males and females have teeth that are com-
parable in size to the female control group.

2. No difference between the size of teeth on
affected and unaffected sides, in unilateral
PDC.

3. The males show significant B-L reduced
dimensions of all maxillary teeth, while a
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M-D reduction was only significant for the
first premolars and first molars.

4. The teeth in unilaterally affected females are
larger and in unilaterally affected males
smaller, than the bilaterally affected teeth of
their respective sexes.

Address for correspondence

Professor Adrian Becker

Department of Orthodontics

Hebrew University-Hadassah School of
Dental Medicine

PO Box 12272

Jerusalem 91120

Israel

Acknowledgements

The authors wish to thank Dr Tom Weinberger
for providing the records of a series of his
patients, which were included in this study.

References

Alvesalo L 1971 The influence of sex-chromosome genes on
tooth size in man. A genetic and quantitative study.
Suomen Hammaslaakariseuran Toimituksia 67: 3-54

Baccetti T 1998 A controlled study of associated dental
anomalies. Angle Orthodontist 3: 267-274

Becker A 1984 Etiology of maxillary canine impactions.
American Journal of Orthodontics 86: 437-438

Becker A 1998 The orthodontic treatment of impacted
teeth. Martin Dunitz Publishers, London

Becker A, Chaushu S 2000 Dental age in maxillary canine
ectopia. American Journal of Orthodontics and Dento-
facial Orthopedics 117: 657-662

Becker A, Smith P, Behar R 1981 The incidence of
anomalous lateral incisors in relation to palatally-
displaced cuspids. Angle Orthodontist 51: 24-29

Becker A, Gillis I, Shpack N 1999 The etiology of palatal
displacement of maxillary canines. Clinical Orthodontics
and Research 2: 62-66

Bjerklin K, Kurol J, Valentin J 1992 Ectopic eruption of
maxillary first permanent molars and association with
other tooth and developmental disturbances. European
Journal of Orthodontics 14: 369-375

Brenchley Z, Oliver R G 1997 Morphology of anterior
teeth associated with displaced canines. British Journal of
Orthodontics 24: 41-45

Brin I, Becker A, Shalhav M 1986 Position of the maxillary
permanent canine in relation to anomalous or missing



318

lateral incisors: a population study. European Journal of
Orthodontics 8: 12-16

Dachi S F, Howell F V 1961 A survey of 3874 routine full
mouth radiographs II. A study of impacted teeth. Oral
Surgery, Oral Medicine, Oral Pathology 14: 1165-1169

Dahlberg G 1940 Statistical methods for medical and
biological students. Allen and Unwin, London

Garn S M, Lewis A B, Vicinus J H 1963 Third molar
polymorphism and its significance to dental genetics.
Journal of Dental Research 42: 1344-1363

Garn S M, Kerewsky R S, Swindler D R 1966 Canine ‘field’
in sexual dimorphism in tooth size. Nature 212:
1501-1502

Garn S M, Lewis A B, Kerewsky R S 1967 Communalities
in the size differences of teeth of brothers and sisters.
Archives of Oral Biology 12: 575-581

Goose D H 1967 Preliminary study of tooth size in families.
Journal of Dental Research 46: 959-962

Horowitz S L, Osborne R H, de George F V 1958
Hereditary factors in tooth dimensions, a study of the
anterior teeth of twins. Angle Orthodontist 28: 87-93

Hunter S B 1981 The radiographic assessment of the
unerupted maxillary canine. British Journal of Ortho-
dontics 150: 151-155

Jacoby H 1983 The etiology of maxillary canine impactions.
American Journal of Orthodontics 84: 125-132

Johnston W 1969 Treatment of palatally impacted canine
teeth. American Journal of Orthodontics 56: 589-596

Langberg B J, Peck S 2000 Tooth-size reduction associated
with occurrence of palatal displacement of canines. Angle
Orthodontist 70: 126-128

Mossey P A, Campbell H M, Luffingham J K 1994 The
palatal canine and the adjacent lateral incisor: a study
of a west of Scotland population. British Journal of
Orthodontics 21: 169-174

A. BECKER ET AL.

Newcomb M R 1959 The recognition and interception of
aberrant canine eruption. Angle Orthodontist 29:
161-168

Nordenram A, Stromberg C 1966 Positional variations of
the impacted upper canine A clinical and radiologic
study. Oral Surgery, Oral Medicine, Oral Pathology 22:
711-714

Oliver R G, Mannion J E, Robinson J M 1989 Morphology
of the lateral incisor in cases of unilateral impaction of
the maxillary canine. British Journal of Orthodontics 19:
9-16

Peck S, Peck L, Kataja M 1994 The palatally displaced
canine as a dental anomaly of genetic origin. Angle
Orthodontist 64: 249-256

Peck S, Peck L, Kataja M 1996 Prevalence of tooth agenesis
and peg-shaped maxillary lateral incisor associated with
palatally displaced canine (PDC) anomaly. American
Journal of Orthodontics and Dentofacial Orthopedics
110: 441443

Pirinen S, Arte S, Apajalahti S 1996 Palatal displacement of
canine is genetic and related to congenital absence of
teeth. Journal of Dental Research 75: 1742-1746

Seward G R 1963 Radiology in general dental practice.
IX-unerupted maxillary canines, central incisors and
supernumeraries. British Dental Journal 115: 85-91

Shapira J, Chaushu S, Becker A 2000 Prevalence of tooth
transposition, third molar agenesis and maxillary canine
impaction in individuals with Down syndrome. Angle
Orthodontist 70: 290-296

Sofaer J A 1970 Dental morphologic variation and the
Hardy—Weinberg law. Journal of Dental Research 49
(Suppl): 1505-1508

Zilberman Y, Cohen B, Becker A 1990 Familial trends in
palatal canines, anomalous lateral incisors, and related
phenomena. European Journal of Orthodontics 12:
135-139



Copyright of European Journal of Orthodonticsis the property of Oxford University Press/ UK and its content
may not be copied or emailed to multiple sites or posted to alistserv without the copyright holder's express
written permission. However, users may print, download, or email articles for individual use.



