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This case highlights the fact that asymmetries in 
dental crown form, whether they be fluctuating or 
directional, need to be viewed as resulting from a con-
tinuum of developmental disturbances that may range 
from minor to severe.  As our knowledge of the mo-
lecular basis of dental development continues to grow, 
we should eventually be able to explain in cellular and 
molecular terms the specific causes of the whole range 
of asymmetrical expressions in dental crown form that 
we observe within the human dentition.

The phenotypic appearance of newly-emerged den-
tal crowns results from an interplay between an individ-
ual’s genotype and environmental influences operating 
during the period of odontogenesis.  Environmental fac-
tors may also alter crown appearance after teeth emerge 
into the oral cavity, for example due to trauma, caries or 
wear.  However, careful examination of teeth intra-oral-
ly or indirectly via dental models will normally enable 
the examiner to distinguish between those crown varia-
tions that have occurred during development compared 
with those that have resulted after emergence.

It is generally assumed that the genetic influences 
operating on antimeric tooth pairs are identical so, in 
the absence of post-emergence effects, differences in 
crown morphology between corresponding teeth on 
opposite sides of the dental arch can be considered to 
reflect the influence of developmental disturbances 
during odontogenesis.   These disturbances may vary in 
their timing, duration and severity.

Asymmetry in dental crown size is referred to as 
being directional if there is a tendency for dimensions 
on one side to be consistently larger than those of their 
corresponding antimeres.  There is some evidence of 

directionality in deciduous and permanent crown size 
in relatively large human samples that exclude indi-
viduals with major developmental disorders (Harris, 
1992; Townsend et al., 1999).  However, whether these 
findings reflect real underlying biological influences or 
represent chance effects remains unclear.

There also are various pathological conditions that 
may lead to directional asymmetries in dental crown 
size and shape.  For example, in hemifacial microso-
mia—a developmental abnormality affecting the first 
and second branchial arches—the posterior teeth are 
smaller than normal, with the reduction in size being 
most marked on the affected side (Seow et al., 1998).  
This is an example of directional asymmetry where the 
affected teeth are smaller on the affected side.

Fluctuating dental asymmetry refers to the small 
random differences in crown size or morphology com-
monly observed between antimeric tooth pairs.  These 
differences may be due, for example, to differences in 
blood supply or space availability between sides. More 
severe space constraints leading to distortion of devel-
oping tooth germs may result in compression of a tooth 
or teeth on one side producing more marked asymme-
try in size and/or shape.

The magnitude of fluctuating dental asymmetry 
is increased in laboratory animals exposed to external 
stressors during development (Siegel et al., 1977) and 
in certain human chromosomal disorders, for example 
Down syndrome, where the aneuploidy is thought to 
disrupt homeostasis, leading to increased developmen-
tal instability (Townsend, 1983).  A similar explanation 
has been put forward to account for increased fluctuat-
ing asymmetry in crown size noted in individuals with 
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sex chromosomal aneuploidies (Townsend et al., 1986) 
and in individuals with cleft lip and palate (Narayanan 
et al., 1999).  Of considerable interest is the report of 
increased directional asymmetry in the occlusal mor-
phology of permanent first molars in 45,X/46,X mosa-
ics (Pirttiniemi et al., 1998).  This study indicates that 
different cell lines regulated by different genes may be 
responsible for differences in crown form on opposite 
sides of the dental arches.

In this paper we report on an interesting example 
of dental asymmetry that is evident in the maxillary 
and mandibular posterior segments of the permanent 
dentition of a young woman who has no history or 
signs of orofacial trauma or a congenital disorder. This 
case provides a good opportunity to ponder on how 
factors that have presumably operated unilaterally 
on the developing dental arches can lead to marked 
asymmetries in final crown forms in an otherwise 
healthy person.

CASE REPORT

Figures 1 and 2 show occlusal views of the maxillary 
and mandibular dental arches of a 20-year-old female 
of European ancestry who presented at the Adelaide 
Dental School in 2001 for a routine dental check-up.  The 
woman had no history of any major medical problems, 
nor was there any history of her mother suffering ill-
health during pregnancy.  She had chicken pox as an 8-9 
year-old but did not take any medication at that time.    
There was also no history or evidence of visible facial 
asymmetry.

In both arches, the first premolars had been extracted 
previously for orthodontic reasons, and the third molars 
had not emerged in the maxilla.  The woman had also 
worn an upper removable orthodontic appliance for 
seven months in 1995.  A supernumerary tooth had been 
extracted from the maxillary right molar region distal to 
the first molar prior to the commencement of orthodon-
tic treatment.

The maxillary right third molar was not present and 
the woman confirmed that it had not been extracted.  
The mandibular left third molar was partly erupted.  
The maxillary left first and second molars and man-
dibular left first molar had fissure sealants placed on 
their surfaces in 2001 and the occlusal surface of the 
maxillary right first molar had been restored in amal-
gam in 1994, then the amalgam had been replaced with 
composite resin in 2001.

The crowns of the maxillary right second premolar 
and the first and second molars were markedly differ-
ent in form to those on the left.  There was also some 
minor variation in crown form of the maxillary right 
canine.  The mandibular right second premolar and 
first, second and third molars all showed different 
and unusual crown form compared with those on the 
left.  The affected maxillary and mandibular premolar 
and molar teeth showed similar features, with altered 
crown shapes and rounded forms with small intercus-
pal distances.  The maxillary right canine crown showed 
increased labial convexity compared with its antimere, 
but this variation was less marked than those of the pre-
molars and molars.  Intraoral examination did not dis-
close any hypoplasia or hypocalcification of the enamel 
of affected teeth.

Examination of a panoramic radiograph obtained 
at 20 years 5 months of age showed that the maxillary 
right third molar was congenitally missing (Fig. 3).  This 
film disclosed some differences in the root morphology 
of the mandibular right first and second molars com-
pared with the corresponding teeth on the left.  The 
roots of the mandibular right first molar appeared to 
be more slender than those of the mandibular left first 
molar.  The roots of the mandibular right second molar 
were more curved (like plier handles) than those of its 
antimere.  The buccal roots of the maxillary right molars 
also appeared to converge more than the corresponding 
molar roots on the left that displayed a distal curve. The 
roots of all teeth were fully formed, except for the man-
dibular left third molar that was distally impacted.

Fig. 2. Occlusal view of the mandibular dentition of the 
woman.

Fig. 1. Occlusal view of the maxillary dentition of the 
woman.
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Bitewing radiographs were also available that en-
abled an assessment of enamel and dentine thickness 
and pulp cavity anatomy. The altered contours of the 
proximal surfaces of affected teeth made it difficult to 
locate homologous points on the mesial and distal sur-
faces of antimeric teeth.  However, using the methods 
described by Stroud et al. (1994) and comparing the 
woman’s data with the standards provided by Stroud 
and colleagues, enamel and dentine thickness fell 
within the normal ranges and there were only minor 
differences between the sides.

The sizes of the dental crowns were compared be-
tween sides and with normal data published for indi-
viduals of European ancestry (Townsend et al., 1986). 
Maximum mesiodistal and buccolingual crown diam-
eters were recorded according to the definitions of Sei-
pel (1946) and expressed as z-scores against standards 
for girls.  All of the z-scores except two were positive, 
indicating that the woman’s dental crown size was gen-
erally larger than normal.  In particular, the z-score for 
the buccolingual crown diameter of the maxillary right 
second premolar was 3.5 (compared with 2.8 on the left) 
and the z-score for the buccolingual crown diameter of 
the mandibular right first molar was 3.4 (compared with 
1.9 on the left). In contrast, the z-score for the mesiodis-
tal crown diameter of the mandibular right first molar 
was -0.3 (compared with 1.7 on the left) and the z-score 
for the mesiodistal crown diameter of the mandibular 
right second molar was 0.1 (compared with 1.0 on the 

left).  Therefore, the mandibular right molars showed 
markedly reduced mesiodistal crown diameters but 
increased buccolingual diameters compared with their 
antimeres.

Intercuspal distances were also recorded for the 
woman’s first molars and maxillary second premolars, 
then comparisons were made between sides and with 
unpublished normal values that had been computed 
previously in our laboratory for a sample of females of 
European ancestry.  The woman’s intercuspal distances 
were expressed as z-scores and all of these values were 
positive on the left side, consistent with the fact that 
overall crown size of these teeth was also larger than 
average.  However, the values of z-scores for intercuspal 
dimensions of the right first molars and the maxillary 
right second premolar were all negative.  They ranged 
from -0.8 for the distance between the mesiobuccal and 
distobuccal cusps of the mandibular first molar, to -2.0 
for the distance between the mesiobuccal and mesiolin-
gual cusps of the maxillary first molar.  These measure-
ments confirmed the visual impression that the cusp 
tips were closer together on the posterior teeth on the 
right compared with the left.

The mandibular right first molar was a four-cusped 
tooth compared with its antimere that displayed the 
typical five-cusped appearance.  There was also altered 
expression of Carabelli trait between the maxillary right 
and left first molars, the former displaying a groove 
form of the feature whereas the latter showed a cuspal 

Fig. 3. Panoramic radiograph of the woman.
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form.
When the dental casts were examined from the buc-

cal view with the teeth in maximum intercuspation, the 
premolars and first molars on the right did not occlude 
whereas there was contact between opposing teeth on 
the left (Figs. 4 and 5).  The maxillary right canine was 
in a crossbite relationship with the mandibular right 
canine and lateral incisor. The central incisors displayed 
a normal overbite and overjet relationship (Fig. 6), al-
though the mandibular incisors were retroclined and 
the mandibular arch midline was displaced 2-3 mm to 
the right.  Given that orthodontic treatment had been 
carried out, including extraction of first premolars, we 
did not attempt to develop a common hypothesis to 
explain the altered crown form of the premolars and 
molars, and the posterior open bite, on the right side.

DISCUSSION

Although some of the woman’s teeth showed 
asymmetry in overall crown size, especially the 
mandibular first molars, the most striking feature 
was the asymmetrical expression of crown shape of 
both maxillary and mandibular posterior teeth.  The 
posterior teeth on the right showed more rounded 
cuspal outlines with smaller intercuspal distances than 
their antimeres on the left.  The alteration in crown form 
was localized mainly to the maxillary and mandibular 
posterior segments, specifically the premolars and 
molars, although there was some minor variation in the 
labial convexity of the maxillary right canine.  The first 
premolars had been extracted for orthodontic reasons so 
it was not possible to examine them.  Nor was it possible 
to examine any of the woman’s primary teeth.

Given that there was no indication that the enamel 
on the affected teeth was hypoplastic or hypocalcified, 
it would seem that some disturbance must have affected 
the morphogenesis of the developing premolar and 
molar tooth germs on the right side only.   The location 
of the cusp tips on premolars and molars is associated 
with the development of enamel knots in the enamel 
organ, that is those regions of the internal enamel 
epithelium that cease mitosis, leading to the buckling of 
its surface (Thesleff et al., 2001).  The final shape of the 
cusps depends on the subsequent deposition of enamel 

by ameloblasts.  As the woman’s enamel was apparently 
normal both qualitatively and quantitatively, the most 
likely site of the disruption is the internal enamel 
epithelium.

We have reported that heritability estimates for 
intercuspal distances of molar teeth derived from a 
large sample of twins are only moderate in magnitude 
compared with those for overall crown dimensions 
(Townsend et al., 2003).  Intercuspal distances were also 
associated with higher coefficients of variation than 
overall crown measures, confirming that they display 
relatively greater phenotypic variation than maximum 
mesiodistal and buccolingual diameters.  These results 
are consistent with the findings of molecular studies 
(e.g., Tucker and Sharpe, 1999; Thesleff et al., 2001), in-
dicating that epigenetic influences related to the release 
of specific signalling molecules from the regions of the 
enamel knots are important in determining how the 
internal enamel epithelium folds during odontogenesis.  
It is possible, therefore, that the localized alteration of 
crown form in this case has resulted from a disruption 
to the development of enamel knots on one side of the 
arch.  This may have been triggered by traumatic event.

It is difficult to say what the cellular or molecular 
basis of such a disturbance could be, but it is tempting to 
suggest that an upset to neural crest cell migration, or to 
the reciprocal interaction between the ectomesenchymal 
cells of the dental papilla and the epithelial cells of the 
internal enamel epithelium, might underlie the problem.  
It is very unlikely that a genetic mutation has caused the 
morphological asymmetry, as this would be most likely 
to affect teeth on both sides of both dentitions.  A pos-

Fig. 5. Left buccal view of the woman’s dentition, with 
models occluded in intercuspal occlusion.

Fig. 4. Right buccal view of the woman’s dentition, 
with models occluded in intercuspal occlusion.

Fig. 6. Labial view of the woman’s dentition, with 
models occluded in intercuspal occlusion.
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sible exception could be mosaicism, with different cell 
lines regulated by discrete genes producing morpho-
logical asymmetry.  Although the woman reported here 
showed no other signs of physical abnormality, we were 
unable to test for mosaicism.

The observed pattern of morphological variation 
within the human dentition usually follows Butler’s 
field theory (Dahlberg, 1945; Butler, 2001), with the 
more distal tooth in each class showing greater varia-
tion than more mesially positioned teeth.  For example, 
third molars generally show considerable variation in 
morphology, much more than first molars.  In this case, 
however, the “key” molar tooth seemed to be affected 
to the same degree as the more distal members of the 
class.  This tends to confirm that the localized variation 
in crown form resulted from a distinct, though relatively 
minor, developmental disturbance and does not merely 
represent an extreme example of the normal range of 
development.

Another model that may prove useful in trying to 
decipher the underlying basis of variation within the 
human dentition is the so-called “facial homeobox code” 
described by Sharpe (1995).  The homeobox genes in the 
developing face are restricted to specific domains, with 
incisor, canine and molar fields being described.  As 
Sharpe (1995) points out, it is possible that neural crest 
cells are pre-patterned with homeobox genes prior to or 
during their migration.  Subsequent reciprocal interac-
tions between those neural crest cells contributing to the 
ectomesenchyme of the dental papilla with the epithe-
lial cells of the internal enamel organ would then define 
tooth type and shape. It is possible that some localized 
upset to expression of the molar homeobox code has 
produced the unilateral variation in dental morphology 
that we have observed in this case.

The timing of onset and duration of crown forma-
tion of the affected teeth provide further insights into 
the possible nature of the disturbance.   The crowns of 
the permanent first molars begin to calcify at around 
birth, so the period of folding of the internal enamel epi-
thelium is mainly a pre-natal event, although distortion 
could still occur post-natally until the cusp tips have 
been united by the spread of calcification. The second 
premolar crowns commence their calcification at around 
2.0 to 2.5 years and the second molars around 2.5 to 3.0 
years, so folding and potential distortion of the internal 
enamel epithelia of these teeth persists into the post-na-
tal period.  The third molars may not commence crown 
calcification until 7-10 years, so there are several years 
after birth during which disturbances may affect their 
crown form (Hillson, 1996:123).

Given that all of the affected teeth in this case show 
similar alterations in their crown form, it would seem 
that some ongoing localized disturbance in the func-
tion of one or more cell lines in the developing teeth 
is the most likely etiological factor.  It is possible that 

there could have also been superimposed local space 
constraints that led to the alterations in overall crown 
shape of the mandibular molars, compressing them me-
siodistally but allowing them to grow buccolingually.  
For example, Taylor (1978:257) has described in detail 
the appearance of compressed teeth and suggested that 
their appearance may have resulted from crowding of 
tooth buds prior to calcification.  Space constraints may 
also account for the apparent differences in molar root 
form between the sides.

Several researchers have reported on asymmetrical 
expression of so-called non-metric crown variants, such 
as Carabelli trait (e.g., Saunders and Mayhall, 1982; 
Pinkerton et al., 1999).  This normal variation may take 
the form of a large cusp on one side and a smaller cusp 
on the other, or there may be different expressions of 
grooves on each side.  However, it is rare to find a cuspal 
form of Carabelli trait on one side but no expression or 
a small groove on the other.  Again, then, the observed 
expression of Carabelli trait in this case suggests that a 
specific disturbance has occurred and that the variation 
in expression does not fall within the so-called normal 
range of variation.

This case highlights the fact that asymmetries in 
dental crown form, whether they be fluctuating or 
directional, need to be viewed as resulting from a con-
tinuum of developmental disturbances that may range 
from minor to severe.  As our knowledge of the mo-
lecular basis of dental development continues to grow, 
we should eventually be able to explain in cellular and 
molecular terms the specific causes of the whole range 
of asymmetrical expressions in dental crown form that 
we observe within the human dentition.
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