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ABSTRACT  This paper describes a newly de-
fined nonmetric trait in the human dentition, i.e.,
Hypotrophic Roots of the Upper Central Incisors
(HRUCI). Teeth presenting HRUCI are character-
ized by abnormally short roots whose crowns

In the mid 20t century, A. A. Dahlberg de-
vised a set of standardized plaster casts to be
used as scoring aids in recording the expression
of discrete dental traits (Turner et al., 1991). Sub-
sequently, publications in the 1970s through
2000s by Turner, Scott and others at Arizona
State University helped to expand, systematize,
and broadly disseminate the methodology com-
monly used today to score traits: the Arizona
State University Dental Anthropology System
(ASUDAS) (Turner et al., 1991; Scott and Turner,
1997). From a genetic standpoint these features
are “discontinuous or quasi-continuous traits that
are either present or absent or present in various
degrees of expression” (Larsen, 2002:137-138). In
living populations, first degree relatives have
frequencies of some traits six times higher than in
the general population (Mays, 1998). Statistical
tests applied to the observation of discrete dental
traits have helped answer questions on genetic
proximity/distance within groups (Gorsky et al.,
1998) and between groups (Matsumura, 2007)
and questions of ancestry among contemporary
groups (Larsen, 2002) as well as archaeological
populations (Irish, 2006; Jackes et al., 1997; Jackes
and Lubell, 1999). Such traits have been used as a
basis for inferences on the peopling of geographic
regions (Larsen, 2002; Silva, 2002) or for the un-
derstanding of population dynamics in times of
crisis, or population, cultural and/or technologi

exhibit no apparent morphological alterations.
The trait was observed in six samples from collec-
tive funerary sites in the Iberian Peninsula dated
from the Late Neolithic to the Chalcolithic period.

cal shifts (Silva, 2002; Vargiu et al., 2009).

Despite the considerable research and number
of publications produced, the ASUDAS is con-
tinually ‘“under construction” (Scott, 2008). New
contributions and changes are ongoing. New
casts have been created and scoring grades for
previously non-scored traits were recently pub-
lished (Wu and Turner, 1993; Burnett et al., 2010).
Moreover, new traits have been described and
further discoveries are expected in under-studied
regions and/or populations (Weets, 2009).

The study of dental remains from several hu-
man skeletal collections dated from the Late Neo-
lithic to the Chalcolithic period allowed the ob-
servation of an unusual root feature. European
collections are characterized by simple morphol-
ogy (Scott and Turner, 1988). However, individu-
als from the collections included in the present
study exhibit various atypical characters - includ-
ing UIl presenting unusually short roots. The
aim of this paper is to describe this ‘new” discrete
trait and discuss its frequency in six Late Prehis-
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Fig. 1. (1) Cadaval Cave; (2) Tholos of Paimogo I;
(3) Hypogeum of Sao Paulo II; (4) Monument of
Cerro de las Baterias; (5) Perdigdes ; (6) Pit burial.

toric population samples from different regions
of the Iberian Peninsula (Fig. 1).

CLINICAL APPROACH TO SHORT ROOTS

Most of the dental literature deals with the
occurrence of short roots in the human dentition
from a clinical perspective in Modern popula-
tions. Specifically, the focus is related to ortho-
dontic treatment. Holta et al. (2004) suggest there
are two general reasons for short roots: distur-
bances during root development, and resorption
of originally well developed roots. A genetic eti-
ology of short roots, particularly for UIl, is pro-
posed by some (Lind, 1972; Jakobsson and Lind,
1973; Apajalahti et al., 1999; Apajalahti, 2004;
Edgcomb , et al., 2011). However, the phenome-
non is usually dealt with as an “anomaly” or mor-
phological alteration, i.e., resorption of the roots.
Resorption is thought to be triggered by one or
more external factors, including: (1) trauma from
orthodontic treatments, surgical procedures, and
occlusal pressure; (2) anticancer therapy with

chemotherapeutic drugs and radiation, and/or
(3) industrialized toxins such as dioxins (Ando
et.al, 1967; Hylander, 1977; Brezniak and Wasser-
stein, 2002a, b; Apajalahti, 2004).

Population (Ando et al., 1967; Jakobsson and
Lind, 1973; Thongudomporn and Freer, 1998),
family (Apajalahti et al., 1999) and longitudinal
studies (Ando et.al, 1967; Holta et al., 2004) indi-
cate that short roots in UIl is a genetically con-
trolled feature (Brezniak and Wasserstein (2002a)
state that root resorption is “an unavoidable con-
sequence of orthodontic tooth movement.”). It is
more frequent in females than males at a ratio of
2.7:1 (Jakobsson and Lind, 1973; Thongudomporn
and Freer, 1998); moreover, there are differences
in frequencies among populations (Table 1), and
it may have an autosomal dominant pattern of
transmission (Apajalahti et al., 1999). In cases
where resorption is not considered the cause,
shortened roots are Dbilaterally expressed
(Jakobsson and Lind, 1973; Marques et al., 2010).
However, as far as we know, this trait has not
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Fig. 2. UI1 presenting average sized root (left) and
another displaying HRUCI (right), both from
Cerro de las Baterias, Spain.

TABLE 1. Prevalence of Bilateral Short Roots in Ull

Ethnic Group/Origin n Prevalence Reference

Mongoloid (Japanese) 300 10% Ando et.al, 1967.

Caucasian (Swedish) 1038 2.4% Jakobsson and Lind, 1973.
Caucasian (?) (Australia) 111 23.4% Thongudomporn and Freer, 1998.
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been employed as a normal epigenetic variant of
the human dentition.

MATERIALS AND METHODS

Trait Description: Lind (1972) developed a
metric method to record the phenomenon by de-
termining the ratio between root length and
crown height (R/C value) for the UI1; the method
was later applied to a sample of 1,038 white chil-
dren of both sexes (Jakobsson and Lind, 1973).
The latter study reported a mean R/C value of
UI1 with fully developed roots of 1.63 for males

Fig. 3. Distances measured in order to obtain the
length of roots and crowns of incisors included in
the study.

and 1.55 for females. Dimorphic differences were
not significant, and when the sexes were pooled
the general mean R/C value was 1.6.

The trait that we observed can be described as
the occurrence of substantially shorter roots for
UI1l that are either equal to, or shorter than the
incisor crown height. For this trait, the crowns
themselves are normal in appearance, and no
other teeth exhibit root diminution. We propose
that this trait, defined by a root:crown ratio of
<1.5:1, be named Hypotrophic Roots of the Up-
per Central Incisors (HRUCI) (Fig. 2). Further
studies on samples both within and outside Por-
tugal are planned to assess the trait’s presence in

other local and world regions; it also will be de-
termined if simple presence/absence scoring, like
that in ASUDAS, is warranted for this trait.

Both crowns and roots of UIl in all samples
were measured using a Mitutoyo Digimatic cali-
per with an accuracy of 0.01 mm. Measures were
taken in labial view. Root length was measured
between its apex and the cement-enamel junction
in the sagittal plane of the tooth (D1 in Fig. 3).
The crown length was measured between the
cement-enamel junction, again in the mid-sagittal
plane, to the most occlusal point of the incisal
edge (D2 in Fig. 3). Teeth exhibiting roots of
equal length or shorter than the crown were con-
sidered to present HRUCL

Teeth with incisal wear of grade 3 and above
[scale proposed by Smith (1984), as modified by
Silva (1996)] were excluded from the study for
two reasons: first, to avoid shortening of roots
resulting from occlusal trauma caused by pres-
sure loading; and second, because severe tooth
wear would interfere in the crown-root ratio. For
the same reason fragmented incisors and others
in early stages of development were not consid-
ered. Only teeth with an apex almost or com-
pletely closed were measured, i.e. individuals
older than 8 yrs of age (Smith, 1991).

Presence/absence dichotomy of the trait was
registered to obtain the frequency of HRUCI in
the collections.

Samples

Cadaval (CDV) is one of the burial caves in the
limestone region of Canteirdes in the Nabao river
valley - a sub-tributary of the Tagus river, Portu-
gal. Radiocarbon dates from the human skeletal
material indicate that CDV was in use between
the third quarter of the 5t millennium and mid-
dle of the 4th millennium BC (Tomé, 2011).

Cerro de las Baterias is a funerary monument
located in the Province of Badajoz, Spain (Fig. 1)
near the town of La Albuera in the Guadiana
River Basin. Although C dating was impossible
due to taphonomic factors, the funerary assem-
blage accompanying the human remains presents
clear parallels with local archaeological contexts
dating to the 3rd millennium BC for this region of
the Iberian Peninsula (Marquez Gallardo, 2008).

The vaulted chamber tomb (tholos) of Paimogo
1 (PMI) and the hypogeum of Sao Paulo II (SPII)



11

are located in the same geomorphological region
in the Southwest coast of the Iberian Peninsula.
Radiocarbon dating places the use of PMI be-
tween the end of the 4th millennium and the mid
3rd millennium BC. Radiocarbon dating on hu-
man remains produced dates in the 3rd millen-
nium BC for SPII (for detailed osteological data
on these samples see Silva, 2002; 2003).

The tholos-like structures of tombs 1 and 2 of
Perdigdes (PDG) have absolute dates pointing to
the 3 millennium BC. The site is located in
Reguengos de Monsaraz, Southeast Portugal
(Map1) (Valera and Godinho, 2009).

The pit burial of Monte das Covas 3 (MCOV3)
is a collective funerary monument for which
there are no absolute dates. Typologically this
type of inhumation was in use from the Late
Neolithic to Bronze Age. The site is located near
Beja, Portugal (Miguel and Brazuna, 2008).

In all sites except Monte das Covas 3, skele-
tons were disarticulated. Although all teeth in
this study come from fragmented maxillae, the
skulls from Monte das Covas 3 were removed en
bloc from the field and excavated in the labora-

(LS

Fig. 4. A pair of compatible UI1 from BT07 dis-
playing HRUCI (below) and a right presenting
Ull regular root length (above).

tory; this approach allowed the identification of
individuals in addition to isolated teeth from un-
determined individuals.

Due to the nature of the trait described in this

article, identification can only be made in loose
teeth or via medical imaging (e.g., radiographs,
CT/CAT scans). Cases described here were ob-
served in loose, unassociated teeth, although in
the BT07 samples compatibility of antimeres was
observed (Fig. 4), and in MCOV3 the loose teeth
could be assigned to individual skulls.
The Tagus and Guadiana rivers, along with their
tributaries, form major routes for population
movement in the southern inland of the Iberian
Peninsula; thus, a specific pattern of genetic ex-
change is likely. Cerro de las Baterfas and Per-
digdes are inland sites near the Guadiana river,
while Cadaval is located in the Tagus Basin. The
other sites, Paimogo I and Sao Paulo II, are geo-
graphically more prone to coastal influences. The
populations from Paimogo I and Sdo Paulo II
might have had other genetic influences from
groups living on and moving along the Atlantic
coast.

RESULTS AND DISCUSSION

Table 2 presents the total number of UI1 in the
samples, the number of specimens considered for
the study, and the frequencies of the trait. Several
other teeth excluded from the study appeared to
exhibit HRUCI, but could not be measured and
included in the total numbers due to missing por-
tions of their anatomy.

The frequency of HRUCI differs significantly
between samples from the inland sites of CDV,
BT07, PDG and MCOV3 and the coastal sites of
PMI and SPII. Coastal sites present a frequency
under 16% while inland sites have frequencies
above 20%. This variation may suggest a different
composition of the coastal populations, different
patterns of genetic exchange, and/or high endog-
amy in the inland sites. Further study of other
coeval coastal and inland populations is neces-
sary to support any of these hypotheses.

Concerning possible causes that lead to the
shortened roots, one common reason, suggested
in archaeological, ethnographic (Hylander, 1977)
and clinical publications (Ando et al., 1967; Apa-
jalahti, 2004; Silva Filho et al., 2007), is heavy oc-
clusal pressure. This factor is not likely attribut-
able to HRUCI in the present samples. Load/bite
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TABLE 2. Frequencies of HRUCI in the sites of Cadaval (CDV), Perdigoes (PDG), Cerro de las Baterias (BT07),
Paimogo I (PMI), Sio Paulo II (SPII) and Monte das Covas 3 (MCOV3) per side of jaw.

Total of UI1 in the Measured UI1 UI1 Presenting HRUCI
collection
Left Right Left Right Left Right

Site

CDhV 10 11 3 6 1(33.3%) 3 (50.0%)

PDG 50 31 25 11 5 (20.0%) 3 (27.3%)

BT07 80 87 37 28 15 (40.5%) 10 (35.8%)

PMI 119 103 108 90 17 (15.7%) 11 (12.2%)

SPII 89 76 66 59 10 (15.2%) 8 (13.6%)
MCOV3 10 13 5 7 2 (40.0%) 3 (42.9%)

force resulting in resorption or premature closure
of the UIl radicular apex would have been dis-
tributed along the other anterior teeth, particu-
larly in lower incisors to cause shortening of their
roots as well. In the sample of Cerro de las
Baterias, 158 loose lower incisors (LI1 and LI2)
presenting closed apex and intact roots were ob-
served to determine if a similar frequency of
shortened roots matched that for UI1. Only three
teeth (1.89%) presented apparently short roots,
and none of the LI1 and LI2 presented roots

Fig. 5. Smooth root surface on a HRUCI UI1

(right) and irregular surface of a blunt root in a
UI2 (left) presenting evidence of hypercementosis.

equal or shorter than crowns. Hypercementosis,
another result of heavy occusal trauma, is absent
in UI1 from the samples.

In cases of severe root resorption from repeti-
tive or continuous trauma (e.g., occlusal trauma,
tooth movement, etc.), shortening appears to be
the natural response of the organism to repair the
affected area. In such cases, dentin layers beneath
the cementum are affected. The repair process
generally begins two weeks after forces that
caused the trauma end, and involve active ce-
mentum deposition (Brezniak and Wasserstein,
2002a). In archaeological material the most obvi-
ous result of this repair process is an irregular
layer of cementum altering the physiologic limits
of the root - hypercementosis (Fig. 5). Although
there are cases of hypercementosis in the present
study, none affected UIL.

Other factors listed for shortening of roots in
contemporary populations (i.e., clinical treat-
ments, drug use, contamination by chemical
agents) do not fit the profile for the Prehistoric
samples. Therefore, a genetic etiology for the phe-
nomenon seems to be the most likely explanation.
Clinical literature suggests that at least part of the
cases studied in Contemporary populations ap-
pear to have a genetic pattern of inheritance and
family prevalence (Lind, 1972; Jakobsson and
Lind, 1973; Apajalahti et al., 1999; Edgcomb et al.,
2011). Observation of the sample from MCOV3
and cases of compatible antimeres in BT07 sug-
gest that HRUCI is often bilateral in expression.
At present, sample sizes are too small to assess
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trait independence. Inter-trait associations also
will be addressed in future research.

Further research on this trait is necessary to
verify its genetic nature. Other collections need to
be assessed to confirm the differences of frequen-
cies between inland and coastal areas in the Late
Prehistory of the Iberian Peninsula. Comparative
studies with other archaeological samples are
needed to verify if this trait is of local expression
or is present in other regions. These studies will
be important tools in the assessment of bio-
distances for populations recovered from prehis-
toric contexts in the Iberian Peninsula.
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