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Abstract
Aim: To compare the phenotypic appearance of the skull
bones and teeth of wild type C57BL/6J mice with that of dia-
betic leptin-deficient (ob/ob) and diabetic leptin receptor-
deficient (db/db) mice used as models for diabetes. Study
design and methods: Skulls were extracted from the car-
casses of mice belonging to wild-type C57B/6J mice, db/db
mice on a C57BLKS/J background, and ob/ob mice on a
C57B/6J background. After removal of overlying tissue, the
skulls and mandibles were then left to dehydrate and exam-
ined for phenotypic variations in structure and wear.
Results: Bone surfaces of the skulls of wild type mice had a
whiter and smoother surface compared with a yellowish
colour with a grainy texture in the two mutant strains. The
frontal, parietal and occipital bones were translucent in the
two mutant strains. Breakages of the zygomatic arches and
mandibles were more common in the ob/ob and db/db mice
than in the wild type mice. Half of the teeth of the db/db
mice and 90% teeth of the ob/ob mice showed considerable
wear compared with marginal wear in the wild type mice.
Conclusions: These observations suggested that the teeth
of the two diabetic mutant strains are exhibiting consider-
able signs of hypomineralization with increased fragility and
decreased bone thickness. 

Introduction
Epidemiology studies have shown an increase in the inci-
dence of obesity and diabetes worldwide resulting in
increased rates of health risk factors such as cardiovascular
disease, metabolic syndromes and complications in the
microvasculature of developing tissue [Ford et al., 1997;
Harris, 1998; Cooper et al., 2001; Cara and Chaiken, 2006].
A number of studies have shown that the presence of mater-
nal diabetes can influence the developing teeth and bones
of the embryo or premature children with reduced mineral-
ization of bone found to be more common in the children of

diabetic mothers compared to controls [Grahnen et al.,
1968; Noren, 1984; Seow and Perham, 1990; Schwartz,
2003; Carnevale et al., 2004]. Macroscopic and microscop-
ic investigations have revealed defects in the primary teeth
of both diabetic children and children of diabetic mothers
[Adler et al., 1973; Noren et al., 1978; Albrecht et al., 1991].
Similarly, studies in diabetic rats have shown significantly
reduced mandibular growth compared to controls, suggest-
ing that hard tissues in the mandible may be particularly sen-
sitive to the direct deleterious effects of diabetes mellitus
[Giglio and Lama, 2001]. 

A number of mouse models of diabetes have been identified
with several mutations predisposing animals to features of
diabetes. One of the most extensively characterized and
studied is the db/db mouse which was identified initially in
1966 as an obese mouse that was hyperphagic soon after
weaning [Hummel et al., 1966]. The diabetic gene (db) is
transmitted as an autosomal recessive trait and encodes for
a G-to-T point mutation of the leptin receptor, leading to
abnormal splicing and defective signaling of the adipocyte-
derived hormone leptin [Hummel et al., 1971; Lee et al.,
1996; Chen et al., 1996]. The db/db mouse is hyperleptine-
mic and develops obesity and type 2 diabetes [Lee et al.,
1996; Chen et al., 1996; Madiehe et al., 2002]. 

Another obese, diabetic mouse is the ob/ob mouse. This
mouse differs from the db/db in that it has a deficiency in the
production of leptin but intact leptin signalling. Similar to the
db/db mouse, the ob/ob mouse develops β-cell atrophy and
hyperglycaemia, [Hummel et al., 1971].  Comparisons of the
effect of these respective mutations on the bones of the
skull and teeth have not yet been documented. Therefore,
the aim of this study is to describe qualitative phenotypic
differences between wild type mice, diabetic db/db and dia-
betic ob/ob mice skulls and teeth. 
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Materials and Methods
Study sample. Twenty-one skulls were extracted from the
carcasses of mice belonging to three genetic strains: Wild-
type C57B/6J mice (n=7), db/db mice on a C57BLKS/J back-
ground (n=7), and ob/ob mice on a C57B/6J background
(n=10) (Jackson Lab, Maine, USA). Skulls were removed by
making a sagittal incision from the occiput to the rostrum
using a scalpel. The skin was then peeled off and the mus-
cles were softened by bathing the heads in water at 85° C for
half an hour. The tissue was then carefully scraped away
using a scalpel and forceps. The skulls and mandibles were
then left to dehydrate and examined for phenotypic varia-
tions in structure and wear between the groups. 

Results
Bone surfaces in the wild type mice were whiter and
smoother than those of the mutant strains which were a yel-
lowish colour with a grainy texture suggestive and consistent
with a degree of hypomineralization (Figure 1). The differ-
ences were particularly noticeable in the frontal, parietal and
occipital bones, which were translucent in the both mutant
strains, and nearly transparent in the db/db strain.  Breakages
were more common in the ob/ob and db/db mice than in the
wild type mice when the skulls were extracted.  Differences
were also noted in the thickness of the zygomatic arches,
which were more robust and less prone to breakage during
skull extraction in the wild type mice than in the two mutant
strains (Table 1). Similarly, the mandibular bones of the
mutant strains were more likely to break during extraction.

The molar teeth of the wild type strain showed little wear,
clearly visible cusps and only marginal wear on the cusp

apices (Figure 2). In contrast, the molar teeth of the db/db and
ob/ob strains were dramatically worn. The crowns were com-
pletely obliterated by wear such that neither cusps nor crests
were present, only a dentine pool surrounded by cervical
enamel.  Half of the db/db mice had crowns that were com-
pletely obliterated, with nine out of ten of the ob/ob mice.

Discussion 
In the present study, qualitative, phenotypic observations of
the bone and teeth of the skulls of two obese, diabetic
mutant mouse strains were made and compared with that of
wild type mice. Visualization of bone tissue showed that the
bone surfaces of the mutant mice skulls appeared translu-
cent and thin compared with wild type, with breakages more
common when preparing the skulls of the mutant mice.
Although no quantitative measurements were taken, these
observations would support the view that the diabetic skulls
and teeth showed signs of hypomineralization and
decreased bone thickness, as assessed by the increased
translucency compared to the controls. 

This is further supported by a study demonstrating qualita-
tive ultrastructural differences of enamel between diabetic
and control rodents [Atar et al., 2004]. In addition, mineral
analysis by energy dispersive x-ray (EDX) showed a
decrease in the two mineral compounds of enamel, calcium
and phosphorus, altering the calcium to phosphorus ratio.
Using x-ray microtomography (XMT), a follow-up study
investigated the mineral composition and 3-D structure of
enamel and bone in the teeth and skulls of diabetic rodents
[Atar et al., 2006]. The authors showed that diabetic rodents
exhibited more wear in their teeth with deformities observed

Figure 1. Representative skulls of the three mice strains. 
A. Wild type (c57b/6j), B. db/db (c57blks/j), C. ob/ob (c57b/6j). 
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in the alveolar process of the mandible and maxilla with thin-
ning, discontinuous and receded mineralization. In addition,
regions of extensive hypomineralization were found in the
calvarial bone of the skulls. These findings indicated that the
bone in diabetic rodents generally had a lower mineral con-
centration than bone in control animals. Giglio and Lama
[2001] showed that diabetic rats had significantly reduced
growth in most mandibles compared to controls suggesting
that hard tissues in the mandible were particularly sensitive
to the direct deleterious effects of diabetes. 

Verhaeghe et al. [1999] postulated in their study that there
was a delay in bone maturation in fetuses of diabetic rats
with a lower number of ossification centres, a wider hyper-
trophic chondrocyte zone, and lower plasma osteocalcin
levels observed.

The effect of diabetes on bone development is supported by
data from diabetic patients where reduced mineralization of
bone, decreased skeletal maturation and cephalometric
measurements was found to be more common in the chil-
dren of diabetic mothers compared to controls [Grahnen et
al., 1968; Noren et al., 1978; El-Bialy et al. 2000; Gunczler et
al., 2001]. Studies investigating bone formation and mineral
density in patients have shown low bone formation,
decreased bone formation markers, decreased bone miner-
al density, increased bone re-absorption and low bone
turnover associated with the presence of diabetes [Krakauer
et al., 1995; Gunczler et al., 2001]. In support of the
observed increased fragility and breakages of the bones of
the mutant mice in this study, patients with either type 1 or
type 2 diabetes have also tended to have more fragile bones
with an increased risk of bone fractures [Schwartz, 2003;
Miao et al., 2005; Bonds et al., 2006].

Although the mechanisms by which diabetes affects bone
and enamel formation are not yet fully understood, several,
sometimes contradictory, pathways have been suggested.
These include deficient calcium incorporation into bone or
enamel [Sato et al., 1996], changes in insulin levels, hyper-
calciuria, reduced renal function, microangiopathy, bio-
chemical changes [Schwartz, 2003], and cellular effects
[Karim, 1983; Atar et al., 2006]. A recent study utilizing an in
vitro bone nodule formation assay, demonstrated that ele-
vated glucose concentration inhibited osteoblastic calcium
deposition and bone maturation [Balint et al., 2001]. It is like-
ly that the mechanism by which diabetes affects bone and
enamel formation is multiple and at several levels. 

Conclusion
Our observations suggested that the teeth of the two diabet-
ic mutant strains are exhibiting considerable signs of
hypomineralization with increased fragility and decreased
bone thickness. With an increased incidence of diabetes, the
availability of suitable animal models, such as the two mutant
strains discussed in this study, which mimic the clinical

Figure 2. Representative maxillary molars of the three mice
strains. Occlusal views taken at an oblique angle showing
the palatal aspect of the teeth. A. Wild type (C57B/6J), B.
db/db (C57BLKS/J), C. ob/ob (C57B/6J). 

Table 1. Percentage frequencies of wear and breakage in
the three strains of diabetic mice.

Features observed Wild type db/db ob/ob

Broken zygomatic arches 14.3% 57.1% 80%

Broken mandibular processes 28.6% 14.3% 40%

Molar cusps plainly visible 100% 71.4% 20%

Molar root shapes visible in 
enamel rim

100% 28.5% 10%

Molar crown features obliterated 0% 42.9% 90%
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effects of diabetes, will provide important insights into the
disease and mechanisms of bone and enamel development. 
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