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Tooth root morphology can provide valuable 
additional evidence to crown morphology in studies 
of prehistoric, historic and modern populations.  
The determination of root morphology may be 
multifactorial, as is crown morphology, with both 
genetic and environmental factors involved (Winter 
and Brook, 1989).  Variations of root morphology 
include the number of roots, as with accessory roots 
or fused roots, their shape, as in taurodontism, or 
their size.  Ethnic differences in root morphology 
have been recognized (Dixon and Stewart, 1976).

The present study aimed to derive data for 
root anomalies in a homogeneous Romano-British 
population and to investigate associations with other 
dental anomalies in this group.  Also the study aimed 
to develop further the methodology of measurement 
and the reproducibility of diagnosis of root anomalies 
in archeological material, enhancing comparisons 
with other ancient and modern populations.

MATERIALS AND METHODS

The skulls investigated were from a cemetery of 
the Roman town of Durnovaria, close to the site of the 
modern Poundbury, Dorset, UK.  The cemetery dates 
from the 3rd to 5th century AD and is of a Christian 
character.  The population was of native British origin 
throughout this period (Farwell and Molleson, 1993). 
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ABSTRACT:    Tooth morphology can provide valuable 
evidence in studies of prehistoric, historic and modern 
populations.  The aims of this study were to derive data 
for root anomalies in a Romano-British population, to 
investigate associations between anomalies, and to 
compare findings with other populations to provide 
evidence concerning etiology.  An additional aim was 
to develop further the methodology and reproducibility 
in such studies.  From the Christian cemetery of 3rd-5th 
century AD in Poundbury, UK, 385 skulls were suitable 
for examination.  Radiographic technique was stan-
dardized with custom-made skull supports and criteria 
established for each anomaly.  There was a high level 
of reproducibility for the diagnosis of each anomaly.  

The prevalence of the anomalies in individuals was:  
three-rooted mandibular first molars 1.8%, fused roots 
14.0%, cuneiform roots 16.9%, taurodontism 26.9%, and 
invaginated teeth 1.1%.  There were highly significant 
(P < 0.001) associations between fused and cuneiform 
roots, and both were significantly associated with third 
molar hypodontia (P < 0.002; P < 0.05).  These reduc-
tions in root morphology were commonly bilateral and 
more frequent in females, as is hypodontia.  The find-
ings of this study are compatible with a multifactorial 
etiology of these anomalies, showing continuous varia-
tion in root morphology.  The gradients of anomalies 
observed are also compatible with the concept of mor-
phogenetic fields.  Dental Anthropology 2006;19(2):33-38.

The excavated skulls are housed at the British Museum 
(Natural History), London, UK. The total collection 
from this burial site consists of 1,100 crania, but a 
large proportion of these are very fragmented and 
unsuitable for this study.  The criterion for inclusion 
in the present investigation was a jaw that had at 
least one permanent molar and one permanent incisor 
present.  Juvenile skulls with a dental age of less than 
9 years were excluded. The resultant sample was 385 
skulls suitable for examination of root morphology.

Age and sex determinations were made by the 
staff of the British Museum based on the long bones, 
pelvic girdles and skulls. Of the sample, 40.0% 
(154) were estimated male, 38.7% (149) female, and 
for 21.3% (82) no determination could be made.

Radiographs were taken of all teeth using an 
industrial apparatus and Kodak ultraspeed dental 
occlusal films. A pilot study established the optimum 
voltage, current and exposure time as well as the 
standardized positioning of the x-ray tube, skull and 
films.  Customized wooden blocks were developed 
for positioning the skulls.  A total of 6 films per skull 
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provided full coverage of the teeth (Fig. 1).  To calibrate 
measurements, all films were taken including a 20 mm 
length of orthodontic wire.  The films were developed 
and viewed under standardized conditions.

The anomalies diagnosed were three-rooted 
mandibular first permanent molars, fused (pyramidal) 
and cuneiform roots, taurodontism and crown and root 
invaginations.

The radiographic criteria for the five anomalies 
diagnosed in the study were:  (1) three-rooted 
mandibular first molar:  evidence of a third root; 
(2) fused molar root: a pyramidal root form with 
no evidence of an interradicular bony septum or 
periodontal ligament but with separation of root canals; 
(3) cuneiform molar root:  a root form with a central 
root canal whose shape followed the root outline; (4) 
taurodontism:  criteria of Holt and Brook (1979; Fig. 2); 
and (5) crown invaginations:  criteria of Hallett (1953); 
types 2, 3 and 4 were scored following Grahnen et al. 
(1959) and Brook (1974).

For each anomaly, prevalence for skulls, prevalence 
for teeth, sex distribution, and symmetry were 
investigated.

To test the reproducibility of the diagnosis, the 
radiographs of 20% of the sample were read on a 
second, separate occasion.  The reproducibility findings 
are in Table 1.

RESULTS

The findings for the prevalence for skulls and sex 
distribution of the root anomalies studied are shown in 
Table 2, which also indicates the number of individuals 
suitable for scoring each anomaly.

Three-rooted mandibular first molars—those with 
an accessory root—had a prevalence of 1.8% of skulls 
and a tooth prevalence of 1.5%.  In half of the individuals 
the anomaly was bilateral and equal numbers of males 

and females were affected.
For reduction in root number the prevalence for 

fused roots was 14.0% of skulls and for cuneiform 
roots was 16.9% of skulls.  The tooth prevalence for 
reduced root number was 2.7% for fused roots and 
3.4% for cuneiform roots, some individuals possessing 
both anomalies.  Maxillary molars were affected more 
frequently than mandibular molars.  Third molars 
were more often affected than second molars, with no 
example being found in first permanent molars.  The 
male to female ratios of 1:2.2 for fused roots and 1:2 for 
cuneiform roots were statistically significant (P < 0.02 
and P < 0.01, respectively).  In 30% of affected skulls 
these anomalies were bilateral, and occasionally a 
fused root was seen on one side of the dental arch with 
a cuneiform root on the contralateral tooth.

Taurodontism was found in 26.9% of skulls, with 
a tooth prevalence in lower molars of 11.7%.  Third 
molars were the teeth most often affected and first 
molars the least.  Taurodontism was bilateral in 47% 
of affected skulls.  The male to female ratio was 1:0.67 
and statistically significant (P < 0.05).  The differences 
between mean values of a and of a:b ratios (Fig. 2) 
in those teeth showing taurodontism compared to 

Fig. 1. Full coverage of the dentition using six 
radiographs.

Baseline	=	 axis between mesial and distal points of 
amelo-cemental junction.

	 a	 =	 distance from baseline to highest point on 
pulp chamber floor.

	 b	 =	 distance from baseline to apex of distal 
root.

Fig. 2. Measurement used for taurodontism (after 
Holt and Brook, 1979).
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those without were highly significant (P < 0.001).  
For measurement b, the differences were statistically 
significant for second molars (P < 0.01) and third 
molars (P < 0.001).

The prevalence of invaginated teeth was 1.1% 
of skulls.  All invaginations in this sample occurred 
in maxillary lateral incisors.  There was no evidence 
of periapical bone loss in relation to the crown 
invaginations that were all of the mild Hallett (1953) 
Class 2 category.  No example of root invaginations 
was seen in this study.

The statistically significant associations between 
anomalies in this study were between fused and 
cuneiform molar roots (P < 0.001) and between 
taurodontism and fused molar roots (P < 0.05).  Using 
results from a study of anomalies of tooth number 
and size in this population (Brook and John, 1995) 
statistically significant associations were found 
between congenital absence of third molars and fused 
molar roots (P < 0.02), cuneiform molar roots (P < 0.05), 
and taurodont lower molars (P < 0.001).

DISCUSSION

The high level of reproducibility of measurements 
and diagnosis suggests that the present data are 
reliable within the constraints of the sample (Table 1).  
Comparisons with other historic and modern sample 
findings are therefore worthwhile.

In other studies of three-rooted mandibular first 
molars either radiographs (Souza-Freitus et al., 1971) 
or extracted teeth (Curzon, 1973) have been used.  The 
radiographs in the present study were of good quality 
(Fig. 1) having been carefully standardized in the pilot 

study.  For Caucasians the findings for three-rooted 
mandibular first molars have usually been of the order 
of 1% of individuals affected, while the frequency 
in Mongoloid peoples is much higher (Scott and 
Alexandersen, 1992).  The Romano-British figure of 
1.8% conforms to modern Caucasian results reviewed 
by Alexandersen (1963).

The criterion used for the diagnosis of cuneiform 
roots is shown by Holt (1976) to be highly reproducible, 
especially in lower molars.  In this study, the one 
reversal of diagnosis (Table 1) was a maxillary molar 
that on the second occasion was diagnosed as having 
a fused root.  The criterion for fused molar roots was 
adapted from Brabant and Kovacs (1961) and provided 
an acceptable degree of consistency (Table 1).

Similar to Brabant and Kovacs (1961), the highest 
frequency of cuneiform roots was found in maxillary 
third molars.  For mandibular second molars the 
Romano-British prevalence was 3.2% of skulls, 
comparable to the findings of Pedersen (1949) in East-
Greenland skull material and of Holt (1976) based on 
Brook’s (1974) large population sample of modern 
British Caucasian schoolchildren.  Reduction in root 
number affecting first permanent molars would seem 
to be rare as no example was found in these Romano-
British skulls or by Pedersen (1949), Holt (1976) or 
Molnar and Horvath (1995).

The tendency for a bilateral occurrence of anomalies 
of reduced root number is found in other studies also, 
with the same trend for fused and cuneiform roots to 
occur in antimeric teeth where each anomaly was not 
bilaterally symmetrical (Holt, 1976; Ross and Evanchik, 
1982; Tamse and Kaffe, 1981; Molnar and Horvath, 

		  No. diagnosed on 	 No. diagnosed on 	 No. diagnosed on
	 Feature	 first occasion	 second occasion	 on both occasions

	 Three-rooted
	 mandibular first molars	 1	 1	 1

	 Fused molar roots	 11	 13	 11

	 Cuneiform molar roots	 16	 15	 15

	 Invaginations  2 1 | 1 2	 1	 1	 1

B.	 Using ratios

		  No. of teeth	 No. within 0.5 of
	 Feature	 measured	 ratio on first reading

	 Taurodont mandibular molars	 272	 212

TABLE 1. Reproducibility of measurements and diagnosis

A.	 Clinical diagnosis
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1995).  There is also agreement that these anomalies 
are more common in females than males (Brabant and 
Kovacs, 1961; Holt, 1976; Ross and Evanchik, 1981; 
Table 1).

For taurodontism, comparisons are limited by the 
use of different criteria in different studies.  Using 
the same methodology as the present study, Holt and 
Brook (1979) found that 6.3% of 1,115 modern British 
Caucasian schoolchildren had a taurodont mandibular 
first permanent molar compared to 1.8% of the 
Romano-British skulls.  The prevalence and degree 
of taurodontism is often greater in second and third 
molars (Molnar and Horvath, 1995); in the present 
Romano-British sample the prevalence was 26.9% of 
skulls. Shifmann and Chanannel (1978) report that 
taurodontism occurred bilaterally in most cases while in 
this study and in Holt and Brook (1979) approximately 
equal numbers of tooth pairs were affected bilaterally 
and unilaterally.  The sex ratio in this study of male 1:
female 0.67 is similar to that of Holt and Brook (1979).

The prevalence of invaginated teeth in these 
Romano-Britons at 1.6% is lower than that for modern 
British, 4.1% (Brook, 1974) and modern Swedish 3.0% 
(Grahnen et al., 1959) samples.

Building on the comments of previous authors who 
remarked on a tendency for fused and cuneiform molar 
roots to be found together, this study provides evidence 
of the highly statistically significant association between 
these two anomalies.  Similarly, the association of root 
number reduction of molars with congenital absence 
of third molars noted by Keene (1966) was found to be 
statistically significant in these Romano-Britons.

Stoy (1960), Stenvik et al. (1972) and Holt and Brook 
(1979) describe the association of taurodontism and 
hypodontia.  In this study the association between 
taurodontism and hypodontia of third molars was 
shown to be highly significant statistically.  This finding 
is compatible with a morphogenetic field effect with a 
varying influence anteroposteriorly.

The strong association between fused and cuneiform 
molar roots could indicate that the cuneiform root 
is one extreme of a continuous variation showing 
different degrees of confluence of roots and their 
canals.  Complete root separation would represent the 
opposite extreme.

In conclusion, for root anomalies in this Romano-
British population, the prevalence for skulls and for 
teeth, the sex distribution and bilateral symmetry 
has been established. The radiographic technique 
developed and the criteria used have high degrees of 
reproducibility.  The statistically significant associations 
demonstrated in the Romano-Britons showed the 
relationship between fused roots and cuneiform roots 
as reductions in root number and shape and also their 
relationship with congenital absence of teeth.  The 
gradients of anomalies observed were compatible with 
the concept of morphogenetic fields.  The findings were 

also compatible with multifactorial etiology, showing 
continuous variation in root size and shape.
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