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Effect of the interaction between periodontitis and type 1 diabetes
mellitus on alveolar bone, mandibular condyle and tibia
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Abstract
Objective. This study examined the effect of the interaction between periodontitis and type 1 diabetes mellitus on alveolar
bone, mandibular condyle and tibia in animal models.Materials andmethods.Rats were divided into normal, periodontitis,
diabetic and diabetic with periodontitis groups. After injection of streptozotocin to induce diabetes, periodontitis was induced
by ligation of both lower-side first molars for 30 days. Alveolar bone loss and trabecular bone volume fraction (BVF) of the
mandibular condyle and tibia were estimated via hematoxylin and eosin staining and micro-computed tomography, respectively.
Osteoclastogenesis of bone marrow cells isolated from tibia and femur was assayed using tartrate-resistant acid phosphatase
staining. Results. The cemento-enamel junction to the alveolar bone crest distance and ratio of periodontal ligament area in the
diabetic with periodontitis group were significantly increased compared to those of the periodontitis group. Mandibular condyle
BVF did not differ among groups. The BVF of tibia in the diabetic and diabetic with periodontitis groups was lower than that of
the normal and periodontitis groups. Osteoclastogenesis of bone marrow cells in the diabetic groups was higher than that in the
non-diabetic groups. However, the BVF of tibia and osteoclastogenesis in the diabetic with periodontitis group were not
significantly different than those in the diabetic group. Conclusions. Type 1 diabetes mellitus aggravates alveolar bone loss
induced by periodontitis, but periodontitis does not alter the mandibular condyle and tibia bone loss induced by diabetes.
Alveolar bone, mandibular condyle and tibia may have different responses to bone loss stimuli in the diabetic environment.
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Introduction

Bone is composed of osteoclasts, osteoblasts and
osteocytes. Bone remodeling requires the dual action
of bone resorption and bone formation. Osteoclasts
resorb bone and osteoblasts form an equivalent
amount of new bone [1]. Periodontitis is an inflam-
matory disease caused by bacteria and alveolar bone
loss surrounding the roots of teeth is one of its
characteristics. The alveolar bone loss is induced by
an imbalance of bone resorption and bone formation
caused by bacteria and the immune reaction targeting

the bacteria [2,3]. Some diseases such as periodontitis
and type 1 diabetes mellitus can disturb the balance of
osteoclasts and osteoblasts and cause bone loss.
Type 1 diabetes mellitus is characterized by hyper-
glycemia resulting from defects in insulin secretion
and elevated bone fracture risk [4]. Type 1 diabetes
mellitus has been associated with bone loss, but a
mechanism of action remains undefined. Previous
research suggests that bone loss in type 1 diabetes
mellitus is caused by reduced bone formation by
osteoblasts, but an association with increased bone
resorption remains unclear [5–9].
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There is data suggesting a bidirectional relationship
between periodontitis and diabetes. Although some
studies fail to find an association between periodontitis
and type 1 diabetes mellitus [10,11], several studies
suggest that the prevalence of periodontitis is higher
in subjects with type 1 diabetes mellitus than those
without, suggesting that type 1 diabetes mellitus pre-
disposes to periodontitis [12–15]. Several epidemio-
logical studies report that periodontitis contributes to
complications of type 1 diabetes mellitus. Investigators
observed a greater risk of ketoacidosis, retinopathy and
neuropathy in type 1 diabetes mellitus subjects with
periodontitis [16,17]. In addition, there is a signifi-
cantly higher prevalence of proteinuria and cardiovas-
cular complications in type 1 diabetes mellitus patients
with periodontitis [18,19]. Although the association
between periodontitis and various complications of
type 1 diabetes mellitus has been suggested, the ques-
tion of whether periodontitis affects systemic bone loss
in type 1 diabetes mellitus has not been addressed. To
manage bone loss in type 1 diabetes mellitus subjects
with periodontitis, it is important to understand
the bidirectional relationship between periodontitis
and type 1 diabetes mellitus in bone tissue. Therefore,
we examined the effect of the interaction between
periodontitis and type 1 diabetes mellitus on
alveolar bone, mandibular condyle and tibia using
streptozotocin (STZ)-induced diabetic rats with
ligature-induced periodontitis.

Materials and methods

Induction of type 1 diabetes mellitus and
periodontitis in rats

Forty male rats of the F344 strain were purchased
from Oriental Bio (Gyeonggi-do, Korea) and accli-
mated for 1 week. Food and water were provided ad
libitum. The rats were maintained in a temperature-
controlled room (22 ± 2�C) on a 12 h light–dark cycle.
Animals were randomly divided into four groups
(10 animals per group): normal, periodontitis, dia-
betic and diabetic with periodontitis. After 18 h of
fasting, the diabetic groups were given intravenously
50 mg/kg of STZ (Sigma-Aldrich, St Louis, MO) in
0.1 M citrate buffer and the non-diabetic groups were
injected with citrate buffer alone. At day 7 after injec-
tion, fasting blood glucose levels were measured
from tail with Accu-check pro (Roche Diagnostics,
Mannheim, Germany). If glucose levels were greater
than 300 mg/dl, the rat was considered diabetic.
Seven days after STZ or citrate buffer injection,
rats were anesthetized with a 1:2 mixture of Zoletil
50 (Virbac, Carros, France) and Rumpun (Bayer,
Ansan, Korea). Thread was placed around the cervix
of the right and left first molars in the mandible and
knotted mesially. At days 10, 20 and 30 after the
ligation, the blood glucose level and body weight were

measured and all rats were sacrificed at day 30. All
animal procedure protocols were approved by the
Institutional Animal Care and Use Committee of
Yonsei University (2010-0209).

Histological analysis

For histopathological examination, both mandibles
were extracted at day 30 after the ligation. The dis-
sected mandibles were fixed in 10% neutral-
buffered formalin for 2 days and decalcified in 5%
nitric acid for 1 week. After embedding in paraffin,
sections were cut at a thickness of 4 mm. Sections were
selected based on the clear appearance of dental pulp
of the mesial and distal roots of the first molars and
were stained with hematoxylin and eosin. The degree
of alveolar bone loss in the distal area and furcation of
the first molar was examined with a light microscope
(�100). Alveolar bone loss in the distal area of the
first molar was examined by measuring the distance
from cemento-enamel junction (CEJ) to alveolar bone
crest (ABC) using Image Pro Plus (Media Cybernet-
ics, Silver Spring, MD). Alveolar bone loss in the
furcation was estimated by measuring a ratio of the
periodontal ligament (PDL) area to the region of
interest (ROI) of furcation. The height of the ROI
is 0.8 mm from the most apical furcation and the PDL
area was calculated by subtracting the remaining
alveolar bone area from the ROI area. The number
of inflammatory cells, included polymorphonuclear
leukocytes (PMNs) and mononuclear cells, was
counted in a standardized site (0.1 mm � 0.1 mm)
located under the junctional epithelium of the distal
area of the ligated first molar.

Micro-computed tomography (micro-CT) analysis

Fixed tibia and mandible were scanned using
micro-CT (Skyscan, Antwerp, Belgium) to evaluate
the trabecular bone loss. After three-dimensional
images of the mandibular condyle and tibia were
reconstructed, the ROI was determined. The ROI
of tibia was sized at 2.5 mm (1.5 mm below the growth
plate toward the diaphysis and excluding the outer
cortical shell). The ROI of condyle was extended
0.45 mm from the highest point of the condyle and
excluded the outer cortical shell. Trabecular bone loss
was defined as the trabecular bone volume fraction
(BVF) and it was determined by dividing the total
trabecular bone volume by the total ROI volume.

Osteoclast formation assay

Bone marrow cells were isolated from the tibia and
femur. Cells were flushed out with a syringe and
collected in a-minimum essential media (Welgene,
Deagu, Korea). Bone marrow cells were plated
at a constant density (2 � 105) in 96-well plastic

266 J.-H. Kim et al.



plates and cultured in media containing 30 ng/ml
macrophage colony-stimulating factor (M-CSF;
Pepro Tech., Rocky Hill, NJ) and 60 ng/ml receptor
activator of nuclear factor-kappa B ligand (RANKL;
Pepro Tech.). Cells were maintained for 5 days and
the medium was refreshed every 2 days. Osteoclast
formation was evaluated by staining with tartrate-
resistant acid phosphatase (TRAP), an enzyme that
marks osteoclasts. For this stain, cells were fixed with
10% formaldehyde in phosphate-buffered saline,
treated with ethanol-acetone (50:50), and stained
with TRAP. Via light microscopy, osteoclasts were
counted as TRAP-positive cells with more than three
nuclei.

Quantitative real time polymerase chain reaction

Whole femurs were homogenized in Trizol reagent
(Invitrogen, Carlsbad, CA) and RNA was extracted
according to the manufacturer’s protocol. Synthesis
of complementary DNA (cDNA) was performed by
reverse transcription with 3 mg of total RNA using the
RT premix kit (Bioneer, Daejon, Korea) with oligo
DT primers. Real-time PCRwas performed using 2 ml
of cDNA with SYBR-Green Real-time PCR Master

Mix plus (Applied Biosystems, Warrington, UK).
The primers for real-time PCR were as follows:
TRAP sense primer, 5¢-AATGCCTCGACCTGGG
A-3¢ and antisense primer, 5¢-CGTAGTCCTCCTT
GGCTGCT-3¢; GAPDH sense primer, 5¢-AGTC
TACTGGCGTCTTCAC-3¢ and antisense primer
5¢-TCATATTTCTCGTGGTTCAC-3¢. The ampli-
fication program was comprised of the initial dena-
turation step which is 1 cycle for 30 s at 95�C and
followed by 40 cycles of 95�C for 5 s and 60�C for
30 s. Relative quantification on gene expression was
performed in relation to GAPDH mRNA expression
by the application of the 2DDCt analysis method [20].
Melting curve and gel analyses were used to verify
specific products of appropriate size.

Statistical analysis

All statistical analyses were performed using SPSS
12.0 (SPSS Inc, Chicago, IL). One-way analysis of
variance (ANOVA) was used to determine significant
differences. A p-value of less than 0.05 was considered
statistically significant. Data are expressed as the
mean ± standard error (SEM).

Results

Changes in blood glucose level and body weight by STZ

To investigate the induction and maintenance of
type 1 diabetes mellitus, we measured fasting glucose
level and body weight during the experimental period
after STZ or vehicle (citrate buffer) injection. The
normal and periodontitis groups injected with vehicle
had average blood glucose levels of 100 mg/dl during
the experimental period, while the diabetic and dia-
betic with periodontitis groups injected with STZ had
fasting glucose levels of more than 300 mg/dl, typical
of diabetic hyperglycemia (Figure 1A). There was no
significant difference in fasting glucose levels between
the diabetic group (406 ± 14 mg/dl) and the diabetic
with periodontitis group (390 ± 11 mg/dl). Seven days
after STZ injection, body weight in both the diabetic
and diabetic with periodontitis groups were lower
than that in the normal and periodontitis groups
followed during the 30 days after ligation (Figure 1B).

Effect of type 1 diabetes mellitus on alveolar bone loss
induced by periodontitis

The alveolar bone level of the distal and furcation
area of the first molar was estimated by measuring the
CEJ-ABC distance and a ratio of the PDL area,
respectively. The CEJ-ABC distance increased in
order from diabetic with periodontitis, to periodon-
titis, to diabetic to normal (Figure 2). The CEJ-
ABC distance in the diabetic with periodontitis and
periodontitis groups increased 3.9-fold and 2.9-fold
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Figure 1. Blood glucose level and body weight. Rats were divided
into four groups: normal, periodontitis, diabetic and diabetic with
periodontitis. Diabetic groups and non-diabetic groups were injected
with STZ or vehicle, respectively, and at day 7 after injection,
periodontitis was induced by ligation of tooth in periodontitis groups.
Before ligation and at day 10, 20 and 30 after ligation, fasting blood
glucose level (A) and weight (B) were estimated. Data are repre-
sented with mean ± SEM. * p < 0.05 compared with normal group.
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from that in the normal group, respectively. Further,
the distance in the diabetic with periodontitis group
was significantly increased by 2.2-fold over the dia-
betic group. Although it was not significant, the CEJ-
ABC distance in the diabetic group was slightly
increased compared with that of the normal group.
The PDL area of the four groups showed a similar
trend to the CEJ-ABC distance (Figure 3). There was
a 2.3-fold and 1.7-fold increase over normal in the
ratio of the PDL area in the diabetic with periodontitis
group and the periodontitis group, respectively. There
was no difference observed between the normal and
diabetic groups.

Effect of type 1 diabetes mellitus on inflammation in
gingival tissue

We estimated the number of inflammatory cells,
such as PMNs and mononuclear cells, which had
infiltrated the connective tissue beneath gingival
epithelium. The number of inflammatory cells was

increased in the periodontitis, diabetic and diabetic
with periodontitis groups when compared to the
normal group (Figure 4). However, there was no
significant difference observed in the number of
inflammatory cells between these three groups.

Effect of periodontitis on loss of mandibular condyle and
tibia induced by type 1 diabetes mellitus

The trabecular BVF of the mandibular condyle and
tibia was analyzed using micro-CT. The trabecular
BVF in the condyle of the diabetic, periodontitis and
diabetic with periodontitis groups did not differ from
that observed in the normal group (Figure 5). In
contrast, the trabecular BVF of the tibia showed a
significant decrease in the diabetic and diabetic
with periodontitis groups compared to the normal
and periodontitis groups (Figure 6). However, there
was no difference in the trabecular BVF of the tibia
between the normal and periodontitis groups (0.25 ±
0.01, and 0.24 ± 0.01, respectively) or between the
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Figure 2. Alveolar bone level in distal area of ligated tooth. At day 30 after tooth ligation, alveolar bone level in the distal area of the first molar
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diabetic and diabetic with periodontitis groups
(0.13 ± 0.02, and 0.12 ± 0.02, respectively), regardless
of the induction of periodontitis.

Effect of periodontitis on osteoclast formation of bone
marrow cells in tibia and femur induced by type 1 diabetes
mellitus

The osteoclast formation ability of bone marrow
cells in the tibia and femur was estimated by culturing
bone marrow cells in the presence of RANKL and
M-CSF and then staining for TRAP. Although the
number of TRAP-positive multinucleated cells in the
diabetic and diabetic with periodontitis groups was
markedly increased compared to the normal and
periodontitis groups (Figure 7A), there was no sig-
nificant difference between the diabetic group and
diabetic with periodontitis group. We next compared
the TRAP mRNA expression level in the femur
between the normal and diabetic groups using real

time PCR. We found that the mRNA expression level
of TRAP was increased by 2-fold in the diabetic group
compared to the normal group (Figure 7B).

Discussion

In this study, we studied the interaction between
periodontitis and type 1 diabetes mellitus in bone
tissues such as alveolar bone, mandibular condyle
and tibia using animal models of periodontitis, dia-
betes and both periodontitis and diabetes. To induce
diabetes experimentally, we injected rats with STZ
intravenously. STZ is cytotoxic to pancreatic b cells
and thus induces type 1 diabetes mellitus [21]. While
the normal and periodontitis groups had normal
blood glucose levels and body weight gain during
the experiment, the diabetic and diabetic with peri-
odontitis groups exhibited hyperglycemia (300 mg/dl)
and severe weight loss. These data confirmed that the
symptoms of type 1 diabetes mellitus were maintained
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in the STZ-injected rats for the duration of the
experiment. In animal models, periodontitis can be
induced by various methods including ligation,
periodontopathogen swabbing or lipopolysaccharide
injection [22,23]. Duarte et al. [22] analyzed the
composition of the biofilm that had accumulated
around ligatures using probes of 40 human periodon-
tal species in rats. None of the 40 species was detected
in the sulcus of the un-ligated teeth, while 25 bacterial
species were found in the biofilm around the ligature,
suggesting that ligation plays an important role in the
deposition of periodontopathogens. Therefore, we
selected the ligature method to induce periodontitis
in rats. In ligated teeth, we observed a significant

increase in both the distance from CEJ to ABC in
distal area and in the ratio of the PDL area in the
furcation. These data confirmed that alveolar bone
loss is significantly induced by tooth ligation, as
previously reported [22].
The effects of type 1 diabetes mellitus on periodon-

titis have been investigated in epidemiological studies
and using animal models. In some epidemiological
studies, no significant differences in gingivitis, pocket
depth and radiographically estimated alveolar bone
loss are observed between the type 1 diabetes mellitus
group and the group without diabetes [10,11]. How-
ever, other studies report the number of teeth with
evidence of attachment loss is significantly greater in
subjects with type 1 diabetes mellitus, suggesting that
diabetes significantly increases the risk for periodontal
destruction [12,24]. In studies using a STZ-induced
type 1 diabetes mellitus model, alveolar bone loss
induced by Porphyromonas gingivalis is aggravated
by type 1 diabetes mellitus, but the effects on alveolar
bone loss by ligation remain controversial [23,25,26].
These animal studies used different methods to mea-
sure alveolar bone loss and this may account for the
discrepancy in the data reported. To estimate the
exact bone loss in this study, we measured not only
the distance from CEJ to ABC, but also a ratio of
the PDL area. Although the distance from CEJ to
ABC of the distal area and a ratio of the PDL area of
furcation in the diabetic group were not significantly
different from the normal group, they were greater
in the diabetic with periodontitis group than in
the periodontitis group. These results indicate that
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type 1 diabetes mellitus aggravates the alveolar bone
loss observed with periodontitis.
As inflammation in periodontal tissue is associated

with alveolar bone resorption in periodontitis, we
measured the degree of inflammation. The diabetic,
periodontitis and diabetic with periodontitis groups
all had an increased number of inflammatory cells
when compared to the normal group. These data
suggest that, although type 1 diabetes mellitus alone
does not induce alveolar bone loss, it significantly
stimulates inflammation in gingival tissue. In other
study using type 2 diabetic animal model, inflamma-
tion in the periodontitis group peaks at day 7 after
removal of the ligation and then decreased gradually.
In contrast, the diabetic with periodontitis group
maintained high inflammation levels until 15 days
after removal of the ligation and then the levels began
to decrease [27]. In this study, periodontitis was
sustained for 30 days by ligation and longmaintenance
of periodontitis may be related with no difference of
inflammation degree between the periodontitis and
the diabetic with periodontitis groups.
Systemic bone loss is a complication of type 1

diabetes mellitus. Decreased bone mineral density
is found in more than 50% of type 1 diabetes mellitus
patients [28,29]. To evaluate the effects of periodon-
titis on skeletal bone in type 1 diabetes mellitus, we
analyzed trabecular BVF using micro-CT in man-
dibular condyle and tibia which are located near or
far away from the periodontal lesion, respectively.
A significant decrease in tibia trabecular BVF was
observed in the diabetic group compared to normal,
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but no differences were observed between the diabetic
with periodontitis group and the diabetic group.
These data suggested that type 1 diabetes mellitus
induces bone loss in the tibia, but the addition of
periodontitis does not aggravate trabecular bone loss
induced by type 1 diabetes mellitus. On the other
hand, the trabecular BVF in mandibular condyle did
not differ between any groups. These results showed
that, although diabetes had an obvious effect on tibia
bone loss, it did not induce mandibular condyle bone
loss. These findings are consistent with a previous
study in which mandibular bone loss was found to be
less than tibia bone loss induced by ovariectomy [30].
Mandibular bone arises from a different embryonic
germ layer, neuroectoderm, compared to tibia which
arises from the mesoderm. Mavropoulos et al. [30]
explained that the difference in embryological origin
between the two skeletal sites might lead to different
responses to bone stimuli. To ascertain the effects of
periodontitis on bone loss induced by type 1 diabetes
mellitus, we evaluated the osteoclast formation
ability of bone marrow cells isolated from tibia and
femur in the presence of the osteoclast differentiation
factors M-CSF and RANKL. Although bone marrow
cells from the diabetic group had an increased ability
to form osteoclasts, there was no significant difference
between the diabetic with periodontitis group and
the diabetic group. This indicates that type 1 diabetes
mellitus increases osteoclast formation, which may be
related with tibia bone loss, but periodontitis has no
effects on osteoclast formation induced by type 1
diabetes mellitus. The increase of osteoclast forma-
tion in the type 1 diabetes mellitus rats may mean an
increase in the number or potential of osteoclast
progenitor cells that respond to M-CSF and RANKL
in the type 1 diabetes mellitus rats. Although it is
known that impaired bone formation contributes to
bone loss of type 1 diabetes mellitus, the involvement
of increased bone resorption is still unclear. Results of
TRAP mRNA expression, a marker of osteoclast, in
type 1 diabetes mellitus, are controversial [5,7–9]. To
confirm the involvement of bone resorption in
type 1 diabetes mellitus-induced bone loss in the
tibia, we examined TRAP mRNA expression of the
femur. In the diabetic group, the level of TRAP
mRNA expression was elevated compared with the
normal group, as in previous studies [7,8]. This
suggests that bone resorption in the tibia is enhanced
by type 1 diabetes mellitus.
In conclusion, using STZ-induced type 1 diabetes

mellitus rats with ligature-induced periodontitis, we
observed a bidirectional effect between periodontitis
and type 1 diabetes mellitus in alveolar bone, man-
dibular condyle and tibia. These results suggest
that type 1 diabetes mellitus increases the severity
of alveolar bone loss induced by periodontitis, but
periodontitis does not affect the severity of tibia loss
induced by type 1 diabetes mellitus. The mandibular

condyle is less sensitive to type 1 diabetes mellitus
than the tibia.
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