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Summary

Dental data from 22 Swedish brown bears (Ursus arctos) were collected during April andMay 2008, during the
annual capture of free-ranging brown bears in Dalarna County, Sweden by the Scandinavian Brown Bear Re-
search Project. The bears were of different genders and ages. All animals were weighed and subjected to phys-
ical examination and all were found to be in good condition. The oral cavity was inspected and photographed
and abnormalities were recorded on a dental chart. One bear had mild class II malocclusion. All yearlings had
varying numbers of incompletely erupted permanent teeth. All adult bears were missing one or more premo-
lars. Tooth wear increased with age; themost affected teeth were the incisors followed by the canines, premolars
and molars. Complicated fractures most commonly affected the canines. Fifteen animals had gross evidence of
enamel defects, but the aetiology of these was not determined. There was a low prevalence of calculus and peri-
odontal disease and none of the bears had caries infections. The mean pH of saliva collected from these animals
was 9.75. Further studies, based on a larger sample size followed over time, will be required in order to evaluate
the progression of dental disease in brown bears.

� 2009 Elsevier Ltd. All rights reserved.
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Introduction

Pathology of the oral cavity frequently occurs in do-
mestic and wild animals (Hungerford et al., 1999;
Wenker et al., 1999; Cuozzo and Sauther, 2006); how-
ever, there have been few studies of dental and peri-
odontal disease in wild animal species (Robinson,
1979a, b; Hungerford et al., 1999).

The normal dentition of bears (family Ursidae) in-
cludes incisor (I), canine (C), premolar (P) andmolar
(M) teeth and the dental formula of these animals is:
(2*(I3 C1 P4 M3))/(2*(I3 C1 P4 M2))¼ 42
(Wenker et al., 1998). Previous studies of oral health
in bears have reported that these animals may have
missing premolars (Miles and Grigson, 1990), maloc-
ondence to: A. Strömquist (e-mail: annastromquist@hotmail.com).
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clusion (Wenker et al., 1999) and caries (Hall, 1940;
Manville, 1992). These studies have generally been
based on examination of skulls (Hall, 1940; Miles
and Grigson, 1990; Wenker et al., 1999; Sonne et al.,
2007) or the dentition of live captive bears (Wenker
et al., 1998). To our knowledge there has been no in-
vestigation of the oral health of free-ranging brown
bears (Ursus arctos).

As part of the Scandinavian Brown Bear Research
Project, free-ranging brown bears have been captured
for study since 1984. During anaesthesia, the bears
have been radio-marked and biological samples
have been collected for demographic, genetic and
ecological studies. During the captures, lesions of the
teeth have been noted, but not investigated further.
The aim of this study was to evaluate the dental
and periodontal status of free-ranging brown bears
in Sweden.
� 2009 Elsevier Ltd. All rights reserved.
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Materials and Methods

During April and May 2008, dental data were col-
lected from 22 brown bears during the annual capture
of free-ranging bears by the Scandinavian Brown
Bear Research Project. All captures took place in
the county of Dalarna, Sweden. Approval was given
by the Ethical Committee on Animal Experiments
in Uppsala, Sweden.

The animals were immobilized fromahelicopter us-
ing a remote drug delivery system (Dan-Inject�, Bør-
kop, Denmark) involving the use of 1.5 ml darts with
1.5� 25 mm barbed needles for yearlings and 3 ml
darts with 2.0� 40 mm barbed needles for adults.
The bears were immobilized with tiletaminee
zolazepam (Zoletil Forte Vet�, Virbac S.A., Cedex,
France) in combination with medetomidine (Domi-
tor� Vet, 1 mg/ml or Zalopine�, 10 mg/ml; Orion
Pharma Animal Health, Espoo, Finland) according
to body size (Fahlman, 2008). The total duration of
anaesthesia was approximately 60 min. The time al-
lowed for oral examination was limited to 15 min.
Fig. 1. Dental examination chart used in this study.
Seven of the bears were yearlings (one female and
six males) and 15 were adults (10 females and five
males). In three bears, age was estimated to be <10
years based on tooth wear. The ages of 12 adults
were known due to earlier captures and ranged be-
tween 4 and 18 years. In two of these bears, age was
known because they had been followed since they
were yearlings. In the remaining 10 animals age
had been determined based on cementum annuli in
one premolar extracted during capture (Matson,
1981).

All animals were weighed and subjected to physical
examination. Oral examination was performed inde-
pendently by two persons after they had examined the
first six bears together. The oral cavity was inspected
and photographed and abnormalities were recorded
on a dental chart modified for bears (Fig. 1). Teeth
were counted and occlusion status was documented.
In order to assess oral health, four indices were
used: the calculus index (CI), gingival index (GI),
periodontal index (PDI) (Kesel, 2000) and tooth



Table 1

Measures used to evaluate dental health in Swedish brown bears

Measure Scale and descriptor

Calculus index (CI) CI 0 No calculi present

CI 1 Presence of calculi covering <50% of the tooth crowns
CI 2 Presence of calculi covering >50% but not 100% of the tooth crowns

CI 3 Presence of calculi covering 100% of the tooth crowns

Gingival index (GI) GI 0 Normal, no swelling
GI 1 <50% of the gingiva has swollen, rounded or reddened margins

GI 2 >50% of the gingiva has swollen, rounded or reddened margins, bleeding appears

after passing a periodontal probe gently along the sulcus

GI 3 GI 2, gingival hyperplasia, ulcers and/or spontaneous bleeding

Periodontal index (PDI) PDI 1 GI 1

PDI 2 GI 1e2, minimal gingival recession and/or shallow pocket formation in <25% of the teeth

PDI 3 GI 1e3, hyperplasia or pus, gingival recession and pocket formation in >25% of the teeth,
imminent loss of teeth

PDI 4 GI 2e3, appearance of pus and spontaneous teeth loss

Tooth wear (TW) TW 0 No wear
TW 1 Mild blunting of teeth profile

TW 2 Moderate wear of incisors and canines, crest of molars still evident

TW 3 Appearance of teeth worn to the margin of the gingiva

Fig. 2. Adult Swedish brown bearmale with class IImalocclusion.
Arrows show attrition on contact sites of the canines.
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wear (TW) (Hungerford et al., 1999), adapted to field
conditions (Table 1).

Tooth lesions such as fractures, the presence of
enamel defects and dental caries were noted. Caries
was defined as a discoloured area of the tooth surface
into which a dental explorer could be inserted and of-
fered a slight resistance when removed (Harvey and
Orr, 1990; Sauther et al., 2002). The depth of the peri-
odontal pocket around each tooth was measured with
a dental probe and depths exceeding 4 mm were re-
corded. The pH of the saliva was determined with
pH strips (pH 0e14 Universalindikator, Merck,
Germany).

Results

All of the captured animals were in good physical con-
dition. Mild class II malocclusion (distocclusion)
(Wiggs and Lobprise, 1997) was present in only one
adult male bear (Fig. 2). Due to interlocking of the ca-
nines, this animal was unable to close its mouth in
a normal position. Enamel was missing from the ca-
nines due to abnormal attrition on the contact sites
of these teeth.

All yearlings had varying degrees of incomplete
eruption of permanent teeth and were therefore miss-
ing different numbers of teeth. In most yearlings one
or more canines were missing. Thirteen adult bears
were missing one premolar as these teeth had been
extracted previously in order to determine the age
of the animals. Even when taking this in to account,
all animals had an incomplete dentition, with various
numbers of missing premolars (Table 2). One 18 year-
old-female was missing the right first upper incisor.

Tooth wear increased with age (Table 3) and was
only documented in adults. Eight bears, 4 females
and 4 males ranging in age from 4 to 10 years, had
TW 1. The age was estimated to be<10 years in three
of these bears. One 7-year-old and one 11-year-old
female had TW 2. Five bears aged 13e8 years had



Table 2

Number of missing premolars in 15 individual adult

Swedish brown bears

Age (years) No. of missing premolars

4 1
5 7

7 6*

8 6*

9 5*
<10 6*

<10 6*

<10 8*
10 6*

11 6*

13 4*

15 6*
16 7*

16 6*

18 7*

*One of themissing premolars had been extracted during previous cap-

ture.

Fig. 3. Female Swedish brownbear aged 13 years. TW3affects the
upper incisors.
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TW 3. In bears with TW 1, the only teeth affected
were the incisors, most often the maxillary incisors.
With higher grades of tooth wear, the wear of the in-
cisors was more complex (Fig. 3). Additionally, wear
of canines and the occlusal surfaces of premolars and
molars were noted.

Obvious tooth fractures were present in eight adult
animals. Four bears had chip fractures of one incisor
(Fig. 4). Other fractures were more complex and
Table 3

Age, gender, tooth wear, tooth fractures and tooth

remnants in 15 individual adult Swedish brown bears

Age

(years)

Gender Tooth

Wear

Fractured

tooth

Tooth

remnants

4 F 1 Lower I1 sin (chip) e
5 F 1 e e

7 F 2 Upper I1 sin (chip) e

8 F 1 Upper C1 dx e

Upper I1,2,3 dx
9 F 1 e e

<10 M 1 e e

<10 M 1 e e
<10 M 1 Lower I1 sin (chip) e

10 M 1 Upper I2 dx (chip) e

11 F 2 e e

13 F 3 e e
15 F 3 Lower C1 dx e

16 F 3 e Upper P4 sin/dx

16 M 3 Upper and lower C1

dx, upper I3 dx, lower
C1 sin

Lower I1,2,3 sin

18 F 3 Lower C1 dx,

lower I3 dx

Lower I1 sin,

upper I2 dx

sin, sinister; dx, dexter; (e), not present.
included canines and/or incisors (Fig. 5). No attempt
was made to further classify the fracture types. Two
bears had only remnants of the incisors and one
bear had only remnants of both upper P4s. The occur-
rence of fractures increased with increasing age of the
bears, with tooth remnants confined to the oldest
bears (Table 3).

Calculus was not found in any of the yearlings. Ten
adult bears had CI 1 and one had CI 2, but only some
teeth were affected. Dental calculus was mostly asso-
ciated with the molars and P4.

Nine of the adults, but none of the yearlings, had
mild signs of periodontal disease. Mild gingivitis
(PDI 1) was present in six adults and three had PDI 2.

Macroscopic evidence of enamel defects was found
in all but one adult (Fig. 6) and in one yearling. These
lesions were characterized by irregular pits or a band-
shaped absence of enamel. In all affected bears such
enamel defects affected the canines, and in six adults
Fig. 4. Female Swedish brown bear aged 7 years. There is a chip
fracture of upper I1 sin (arrow).



Fig. 5. Female Swedish brown bear aged 8 years. There are com-
plicated fractures of upper C1 and I1,2,3 dx.
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the incisors were also affected. The entire erupted per-
manent dentition was affected in the yearling.

No animal had evidence of caries. Salivary pH was
measured in 16 bears and ranged from 9.0 to 10.0.
Four bears had a salivary pH of 9.0 and 12 bears
had a salivary pH of 10.0 (mean salivary pH 9.75).
Discussion

This is the first study of dental and periodontal health
in a population of living Swedish brown bears. There
are several advantages to such a study over examina-
tion of skull samples, in particular the risk that teeth
can be lost during preparation and handling of skulls.
Such skulls often derive from hunter-harvested bears
or bears killed by road traffic, in which situations
the skulls may be traumatized and teeth may be
broken or lost. The examination of live animals also
permits assessment of the bleeding index, the presence
of gingivitis and determination of salivary pH.
Fig. 6. Female Swedish brown bear aged 4 years. Canines and in-
cisors are affected by enamel defects.
However, there are other constraints that apply to
the examination of animals under field conditions.
Due to the limited time allowed for anaesthesia, index
numbers (CI, PDI and TW) were calculated for the
entire mouth instead of for individual teeth, which
would have been preferable. No portable dental radi-
ography was performed in this study so it is possible
that some pathology such as hypodontia, unerupted
teeth, root fractures, root caries and neoplasia may
have been missed.

The number of animals studied here was relatively
small, so data are presented for individual animals in-
stead of in terms of prevalence or percentages of the
population affected. The small sample size also means
that no conclusions can be drawn regarding the prev-
alence of lesions in animals of particular gender.

A single adultmale bear hadmild class IImalocclu-
sion (overshot bite). This may have been an inherited
defect, as a genetic abnormality is thought to be the
primary cause of this type of malocclusion (Harvey
andEmily, 1993), although the precise role of heredity
as an aetiological factor in malocclusion has not been
clarified.Wenker et al. (1999) examined the skulls of 63
captive brown bears and skulls from 14 free-ranging
Alaskan brown bears (U. arctos horribilis). These au-
thors reported that six of the captive brown bears
had mild mandibular prognathia (undershot bite).

To our knowledge, the normal dental eruption pat-
tern for the Scandinavian brown bear has not been
determined. However, the results of the present study
suggest that eruption of the permanent dentition oc-
curs between 1 and 2 years of age. Knowledge of erup-
tion times of both deciduous and permanent teeth is
important, because the temporal overlapping of these
two events can cause dental problems (Robinson,
1979a, b).

All adult brown bears examined in this study were
missing one or more premolars. The cause of this was
not determined.Wewerenotable todeterminebygross
observation whether the teeth were missing due to hy-
podontia (congenital absence of one or more teeth),
failure to erupt, periodontitis or tooth loss for other rea-
sons.Radiographical examinationwould have been re-
quired to further examine these possibilities. Due to the
healthy periodontal status of the bears examined, it is
unlikely that periodontal disease had caused the ob-
served tooth loss. In this population a congenital factor,
resulting in hypodontia or failure to erupt, ismost likely
the cause of the missing premolars.

Similar findings were reported from a study of
American black bears (U. americanus), where only
2% of 159 skulls examined had a full complement of
premolars (Miles and Grigson, 1990). In contrast,
Wenker et al. (1998) found that five captive brown
bears had a complete set of 42 teeth. In small domestic
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animals with hypodontia, the premolars are the teeth
that are most often missing and one cause of this con-
dition is an autosomal recessive genetic abnormality
(Harvey and Orr, 1990).

Tooth wear increased with age, which agrees with
previous studies (Wenker et al., 1999; Cuozzo and
Sauther, 2006).Themostworn teethwere the incisors,
followed by the canines, premolars and molars. This
pattern was also described by Wenker et al. (1999)
and is explained by the different thickness and struc-
ture of enamel and dentine in these locations. Sonne
et al. (2007) studied skulls of polar bears (U. maritimus)
and found that tooth wear was moremarked in the in-
cisors than in other teeth. These authors suggested
that this might be related to the feeding habits of the
bears. The pattern of wear among teeth is likely deter-
mined by a combination of anatomical characteristics
and the functions of individual teeth.

Root fractures may have been missed in the ani-
mals of the present study because radiography was
not available. The complicated fractures that were
found in the present study most commonly affected
the canines. In carnivores, the canines are most sus-
ceptible to injury (van Valkenburgh, 1988; Malzoni
Furtado et al., 2007). Morphological and anatomical
characteristics of the teeth, as well as diet and behav-
ioural habits, may predispose certain teeth to injury.
The canine teeth, due to their shape and function,
may undergo a greater degree of bending compared
with other teeth (van Valkenburgh, 1988). In addi-
tion, fighting and other aggression may also cause
this pattern of tooth breakage (Verstraete et al.,
1996). The fractures observed in the present study
most likely relate to the effects of the shape and func-
tion of teeth, the diet and intraspecies interactions as
well as predatoreprey interactions.

Calculus was rarely observed in the bears of the
present study. Wenker et al. (1999) found that captive
bears had a higher prevalence of calculus than free-
ranging bears, which probably was due to an inap-
propriate diet and the lack of tooth-cleaning activities
in captivity. This would lead to plaque deposits and
calculus formation. The diet of Scandinavian brown
bears consists of ungulates, e.g. moose calves (Alces al-
ces) and ants during the spring, mostly forbs during
the summer, and berries in the autumn (Dahle et al.,
1998). The relatively low prevalence of calculus found
in this study indicates that the diet of these animals is
nutritionally appropriate and has a self-cleaning
effect on the teeth. The bear with CI 2 was a 16-
year-old female that in addition to calculus had
only remnants of both upper P4. The cause of this
could be fractures due to trauma. Fractures can affect
the development of calculus, because the animals
might avoid chewing in the region of the fracture.
The bears of the present study had little or no sign
of periodontal disease. Manville (1992) reported that
the prevalence of periodontal disease in black bears
differed between study areas. In Wisconsin one of 95
bears was affected, compared to 13 of 35 bears in
Michigan. It is possible that the prevalence of peri-
odontal disease also differs between bear populations
in Scandinavia. Further studies, including of different
cohorts, would give more information and may help
to explain the observed pattern.

Fifteen animals had enamel defects. Although
abrasion and exposed root surfaces cannot be ex-
cluded as a cause of this, the lesions resembled enamel
hypoplasia, which has not been reported previously in
bears. Histological examination, preferably of both
deciduous and permanent teeth, may help to clarify
the cause of these lesions and would also be important
to exclude exposed root surfaces.

No obvious signs of caries were found in the animals
of this study. Manville (1992) described a prevalence
of 10.5% in black bears from Wisconsin (n¼ 86) and
20% in black bears from Michigan (n¼ 35). In con-
trast, Hall (1940) reported a relatively low prevalence
in black (3%, n¼ 195) and grizzly (2%, n¼ 165)
bears and suggested that a carbohydrate-rich diet of
berries and honey was the cause of caries. The bears
studied here did not eat honey (Dahle et al., 1998)
and the saliva is known to contain buffers that resist
pH changes (Peretz et al., 1990; Dowd, 1999; Dawes,
2008). The alkaline pH of the saliva (mean 9.75) in
the bears of our study may be one explanation for
the low frequency of caries.

Little is known about dental and periodontal health
in free-ranging wildlife. Investigations of dental status
provide information on oral pathology in addition to
a wider perspective about the behaviour and feeding
habits of an animal population. By applying knowl-
edge of the dental and periodontal health of free-rang-
ing animals to pet animals and wild animals in
captivity, some oral diseases might be prevented. The
brown bears studied here had little or no calculus, peri-
odontal disease or caries. All three conditions are com-
mon in dogs, cats and some zoo animals. By changing
the diet of these animals to a more natural composition
and structure, and by introducing materials and chal-
lenges that are found in the natural habitat of the an-
imal, one might reduce such conditions. Tooth
fractures and complicated tooth wear with additional
pulp infections occur in both wild and captive animals.
Even though these conditions occur naturally in the
wild, such lesions must be treated when found in cap-
tive animals in order to minimize the suffering of the an-
imal. The high frequency of enamel defects in the bears
examined here was surprising and further studies of the
cause and geographical distribution should be made.
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