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a  b  s  t  r  a  c  t

Development  of  dental  abnormalities  due  to  improper  occlusal  wear  is common  among  modern  domestic
horses.  This  phenomenon  often  is attributed  to jaw  conformation.  Rostral  mandibular  hooks  may  develop
in  horses  with  underjet  or  mandibular  prognathism,  a condition  where  the lower  jaw  protrudes  forward,
beyond  the  upper  jaw. Less  abrasive  diet,  free  of  phytoliths  and  matrix-like  plant  fibers,  also  may  promote
enamel  and  focal  overgrowths  of equine  dentition.  Here  we  report  a rostral  mandibular  hook  in a  lower
eywords:
ental disease
quine
ocal overgrowth
cclusal wear

premolar  tooth  of  a medieval  horse,  found  in a spring  deposit  in  Levänluhta,  Osthrobothnia,  Finland.  To
our knowledge,  this  is  the  first such  report  from  a medieval  horse.

©  2017 Elsevier  Inc.  All  rights  reserved.
remolar teeth

. Introduction

All modern equids have hypsodont teeth. Hypsodont teeth are
igh-crowned teeth. Unlike brachydont teeth, part of the hyp-
odont crown remains in the jaw after eruption, and hypsodont
eeth continue to erupt into old age.

Hypsodonty probably is an adaptation to provide sufficient
ental material to buffer against tooth wear during a long life
hat required voluminous intake of plant material (Janis and
ortelius, 1988). Climatic cooling and increasing predominance of
rasslands occurred during the Miocene. Tooth evolution toward
ypsodonty was gradual among the Miocene subfamily Equinae,
hile other equids maintained low-crowned teeth as grasslands

pread in North America (Damuth and Janis, 2011). Climate-driven
e-development of natural forage would have required adaptation
o more abrasive diet content and larger amounts of daily food
ntake (Damuth and Janis, 2011). At the same time, the equine
igestive tract appears to have adapted to facilitate digestion of

ncreasingly large amounts of forage having poorer nutritional con-
ent (Janis, 1976). By the end of the Miocene, all brachydont forms
ere extinct and hypsodonts flourished (Mihlbachler et al., 2011).
Evolution of hypsodonty also was associated with increas-
ng occlusal surface complexity. As dental wear depends on the
ccluding teeth, disorders of dental alignment are not unexpected
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with hypsodonty. Dental overgrowths can result from lack of an
occluding counterpart during mastication, which can be due to mal-
occlusion, uneven length of tooth rows, or mechanical problems
with the mastication cycle. Overgrowths such as lateral ridges on
maxillary teeth, medial ridges on mandibular teeth, or sharp focal
points at the mesial and distal ends of tooth rows, are examples of
such alignments of the dental arcades. Here we  present a medieval
horse second mandibular premolar with rostral focal overgrowth
(dental hook).

2. Materials and methods

Levänluhta is an Iron Age human water burial site in west-
ern Finland (Ostrobothnia) (Fig. 1). The site has yielded animal
bones and a few artifacts. According to pollen analyses, humans
were buried in an aquatic ecosystem, possibly a small lake. The
human remains and artifacts date to the Merovingian period (AD
550/600–800) (Wessman, 2009). Most non-human bones are from
horses (Equus caballus) (Formisto, 1993).

Until very recently, horse remains from this site were assumed
to have accumulated around the same time as the human-related
material. However, AMS  (accelerator mass spectrometry) radiocar-
bon analysis reveals that the horses were buried later than the
humans, with the horses dating to the late medieval period AD

1300–1500 (Finnish medieval chronology). At the Iron Age site was
a small lake, but in medieval times, it most likely was a meadow
with a concentration of springs. During the late 19th century, the
meadow was drained to arable land (Wessman, 2009).

dx.doi.org/10.1016/j.ijpp.2017.02.005
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Fig. 1. Location of Levänluhta in Ostrobothnia, western Finland (black star).
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ig. 2. KM21814:525 Equine pm2  dex (406) with a marked rostral overgrowth from
evänluhta, Finland. The tooth was found intact but the anterior root was  sampled
or  the AMS  dating. Photo Suvi Viranta@ Finnish National Board of Antiquities.

During the late medieval period, the climate probably was  sim-
lar to the modern climate. Ostrobothnia has boreal vegetation and

 boreal climate with snow cover during the winter.
The distribution of the horse material in Levänluhta is frag-

entary and disassociated. The material consists of cranial and
ostcranial bone fragments and isolated teeth. At least five horses
re represented. All of the osteological material was analyzed by
ormisto (1993), and non-human osteological material was re-
nalyzed and catalogued by Mannermaa (2013). The bone material
rom Levänluhta is curated at the Finnish National Museum (NM)
n Helsinki.

For this report, we examined a first lower cheek tooth (pm2

ex or 406, NM catalog number KM21814:525, Fig. 2) with a pecu-

iar rostral focal overgrowth. We  confirmed the identification of
he tooth as pm2 dex, using the methods described in Hillson
1990), along with comparative material in the equine collection
nal of Paleopathology 17 (2017) 79–81

of the Finnish Museum of Natural History. The tooth dimensions
and height of the focal overgrowth were measured. The time taken
for the overgrowth to develop was  calculated using the estimate
of 2.0–2.5 mm  annual dental wear, as given by Baker (1999). The
height of the focal overgrowth was  compared with data provided
by Simhofer et al. (2008). The rate of wear of the height dimension
depends on the diet (Karme et al., 2016), but a rough estimate of the
horse’s age at the time of death can be developed using the height
of a post-canine tooth. We  used the wear curve provided by Levine
(1982) to estimate the age of KM21814:525 horse at the time of
death.

3. Results

KM21814:525 is a relatively tall equine premolar tooth (ca.
40 mm without the root). Using the graph provided by Levine
(1982; Fig. 10), we  estimated the age of death for KM21814:525
to be 7 years. The mesiodistal dimension of the crown is 32 mm.
This is in the expected range of mesiodistal length, as indicated for
New Forest pony pm2  teeth (Levine, 1982). KM21814:252 reveals a
typical wear pattern of a mandibular post-canine tooth with linguo-
lateral inclination. The lingual margin is higher than the lateral
margin. A focal growth with a length one third of the total tooth
length arises rostrally, having peak height 9 mm (Fig. 2). Based on
annual wear estimate (Baker, 1999), it had taken 4.5 years for the
hook to develop.

4. Discussion

We  describe a focal, moderate overgrowth of a mandibular ros-
tral tooth from a medieval horse. A study of 300 modern horses
revealed usually-bilateral focal overgrowths and rare mandibular
rostral overgrowths (involving just 2% of horses that were exam-
ined) (Simhofer et al., 2008). In another study of 400 horses, Dixon
et al. (1999) reported no mandibular rostral overgrowths.

We are not aware of previous reports of focal overgrowths on
teeth of medieval horses. Taylor et al. (2015) studied dental wear
and pathologies in modern captive and free ranging equids, includ-
ing Przewalski’s horse, a close relative of the domestic horse. Only
maxillary teeth were included in the analysis. Focal overgrowths
were more common among captive equids (20.8% in captives vs.
6.6% in free-ranging).

Dental overgrowths can result from lack of an occluding
counterpart during mastication. Causes can include malocclusion,
uneven length of tooth rows, or mechanical problems with the mas-
tication cycle. Horse mastication includes both lateral and vertical
movements. Dietary forage encourages a full movement cycle of the
mandible (Dixon, 2000). Modern horses fed on pellets have smaller
mandibular excursion than horses eating roughage (Bonin et al.,
2007). However, the latter mainly affects vertical movement, and
is unlikely to be the cause of rostral hooks.

Rostral mandibular hooks are likely to develop in horses with
underjet or mandibular prognathism, a condition where the lower
jaw protrudes beyond the upper jaw. Mandibular teeth become
located more rostral than maxillary counterparts, causing maloc-
clusion (Dixon and Dacre, 2005). The event is rare in modern horses,
but occurs in some miniature ponies and donkeys; heritable cause
has been proposed in the latter instances (Rodrigues et al., 2013).

Cavalry documents from the 17th century indicate that the
horses in Finland were small, the size of modern ponies. The docu-
mented height was  measured behind the saddle and is reported to

fall between 120 and 132 cm (Bläuer, 2015). The horses were used
for riding and draught work. Riding was, in addition to cavalry, a
mean of transportation. Ostrobothnia did not have sufficient roads
for carriages at this time.
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and captive wild equids. Equine Vet. J., http://dx.doi.org/10.1111/evj.12408.
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Documents from the royal demesnes (feudal manors owned
y the King) from the late 16th century indicate the following
inter-feeding for horses: Stallions—over 5 kg of hay per day;
ares—3 kg/day; and working horses—over 4 kg/day. All were sup-

lemented with straw. Horses also were fed oats and barley.
uantities varied according to the use of horse and location. For
xample, Ulvila royal demesne offered 25.5 L of oats and 22.9 L
arley in a week (Bläuer, 2015). Horses owned by peasants may
ave had to do with less, although apparently they were provided
ore abundant winter-fodder than other domestic livestock (e.g.,

ivikero, 2010; Bläuer, 2015).
Historical documents from the 16th century indicate that horses

ere let to graze free during the summer, when they were not used
or work (Bläuer, 2015). It has been suggested that some horses

ay  have been left to forage on their own throughout the year
Sundkvist, 2004).

Our earlier study (Viranta and Mannermaa, 2014) suggested that
he Levänluhta horses were maintained on a non-abrasive diet, at
east for a part of the year. According to experimental studies, grass
s the most abrasive food item, consisting of phytoliths and exter-
al grit such as silicates from the soil (Karme et al., 2016). Masey
’Neill et al. (2010) describe evidence that focal dental overgrowths

modern horses) are more common in those that are stabled and
ellet-fed, compared with free-grazing horses. It is possible that a

ess abrasive diet, free of phytoliths and matrix-like plant fibers,
ay  have promoted the rostral hook in this medieval horse. Many
odern domestic horses have their teeth floated (have the excess

ental material rasped off) annually to prevent pronounced enamel
idges or overgrowths on post-canine teeth (Dixon, 2000). Little is
nown with certainty about medieval horse husbandry in Finland
r in neighboring countries, and further research seems appropri-
te.

. Conclusions

A medieval horse premolar tooth, excavated from Levänluhta
rchaeological site in western Finland, reveals a rare dental pathol-
gy, a focal rostral overgrowth. In modern horses, the condition
s caused most frequently by mandibular prognathism. Unfortu-
ately, no other cranial remains of this horse were found. Thus,

urther studies of dental occlusal wear should be done to acquire
dditional knowledge of animal husbandry during pre-historical
nd historical times.
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