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INFLAMMATION

Oral Inflammation and Osteoporosis
Elizabeth A. Krall, MPH, PhD, Professor, Director of Epidemiology Division

Bone loss is a central, common feature of both
periodontal disease and osteoporosis. Osteopenia,
or low bone mineral density (BMD), results when
bone metabolism becomes unbalanced, with bone
resorption by osteoclast cells occurring at a faster
rate than bone production by osteoblast cells.' A
woman with a BMD 2.5 standard deviations below
the mean peak density for young women has
osteoporosis, according to the definition of the
World Health Organization.” Prevalence is higher
in women than men and increases with age. About
35% of post-menopausal white women have
osteoporosis of the hip, spine, or distal forearm;
prevalence in Asian women is similar.®

Increased risk of fracture associated with
osteoporosis is a serious concern. After age 50, 50%
of women and 25% of men will have an
osteoporosis-related fracture, and the financial
implications are significant. In 2002, for example,
the direct cost of treating hip fractures was $18
billion in the US alone.*

In periodontal disease, oral inflammation due
to chronic infection of the tissue around the teeth
results in destruction of oral bone and periodontal
ligament (Figure 1), ultimately leading to tooth loss.
Oral inflammation increases production of
cytokines, such as interleukin-6, that stimulate
osteoclast activity and promote bone resorption.’
A similar mechanism may contribute to
osteoporosis, raising the question of whether
people with low skeletal BMD are at increased risk
of oral osteopenia (Figure 1). Several lines of
evidence indicate that there is an association
between osteoporosis and periodontal disease.

Common Risk Factors

First, there are risk factors common to both
conditions. Both osteoporosis and periodontal
disease become more prevalent with advancing
age, and individuals with a family history are at
higher risk.® In women, estrogen deficiency
increases the risk of both oral and systemic
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Figure 1. Relationship between Oral
Inflammation, Systemic Osteoporosis,
and Oral Osteopenia
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osteopenia.* Smoking is a risk factor for, and hastens
progression of, both conditions.**

Cross-Sectional and Longitudinal Studies
Second, many studies have reported an
association between systemic BMD and
periodontal disease, regardless of whether the
measure of periodontal status is clinical (e.g.,
attachment loss, probing pocket depth), or
radiographic (alveolar crestal height loss).”
Although studies of osteoporosis and clinical
attachment level have produced mixed results,
larger cross-sectional studies and at least two
prospective studies support an association.’ For
example, in a three-year longitudinal study, 70-
year-old subjects were divided into osteopenia and
non- osteopema groups based on BMD of the heel
atbaseline. The number of sites with at least 3 mm
of additional attachment loss after three years was
significantly higher in the osteopenia group (p =
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0.043).” This study indicates that, in this older
population, systemic BMD may be one factor
in predicting periodontal disease progression.”
A positive association between low BMD and
tooth loss has also been reported in many
studies, and studies that found no association
have generally been in younger populations.®

The relationship is not firmly established,
however, because some studies report no
association, and of those that do, most are
cross-sectional, many have small sample sizes,
and most do not control adequately for
possible confounding factors, such as smoking
status, postmenopausal hormone use, or
treatment for periodontal disease.” More
prospective studies are needed.

Therapies Affecting Both Osteoporosis and
Periodontal Disease

Third, some interventions that improve
systemic BMD also improve measures of
periodontal disease.® Improvement of the two
conditions by the same therapies suggests an
underlying connection. The three classes of
therapy that have been implicated in this
regard are 1) hormone replacement therapy
(HRT), 2) diet supplementation with calcium
and vitamin D, and 3) bisphosphonates.

HRT appears to improve oral bone density,
and also leads to less bleeding on probing, less
frequent clinical attachment loss, and less tooth
loss.® These effects are consistent with the
benefit of HRT for systemic BMD.

Sufficient dietary calcium is essential for
maintaining BMD, and low calcium intake
may increase the risk of periodontal disease
or hasten disease progression.® Vitamin D aids
calcium absorption from the intestine and
regulates calcium metabolism. A three-year
prospective, placebo-controlled trial of calcium
and vitamin D supplementation in men and
women over age 65 found that fewer subjects
who received supplements lost at least one
tooth (Figure 2, odds ratio for tooth loss = 0.4,
p <0.05). In a two-year follow-up period,
fewer subjects consuming at least 1000 mg of
calcium per day lost one or more teeth than
those who consumed less calcium (Figure 2,
odds ratio for tooth loss = 0.4, p < 0.03).” These
results support a potential benefit of calcium
and vitamin D for improving periodontal
disease.

Few studies have examined the impact of
bisphosphonate therapy on periodontal
outcomes. One prospective, double-blind trial
in women aged 55-65 years who were not
receiving HRT found greater improvement in
probing depth and gingival bleeding in
subjects receiving bisphosphonate alendronate
than in those receiving placebo." Systemic
BMD and alveolar crestal height increased in
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Figure 2. Effect of Calcium Intake
on Tooth Loss’
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the alendronate group but worsened in the
placebo  group.® More studies of
bisphosphonates are needed to confirm their
impact on periodontal disease.

Possible Mechanisms

The above evidence supports an association
between systemic BMD and periodontal
disease. The mechanisms underlying this
association, however, are unknown. Patients
with low systemic BMD may also have low
oral BMD, allowing periodontal disease to
progress more rapidly because there is simply
less oral bone present.® A second possibility is
that osteoporosis and bone loss due to
periodontal disease both proceed by the same
cellular mechanism, namely increased
production of cytokines, such as interleukin-6,
that stimulate osteoclast activity.' Genetics may
also play a role, in that patients predisposed to
BMD loss may also be more likely to suffer
periodontal damage.® Finally, certain lifestyle
factors may increase a patient’s risk of bone loss
and periodontal disease.”

Regardless of the mechanism, patients with
low systemic BMD appear to be at higher risk
for progression of periodontal disease.
Therefore, it is especially important for patients
who have osteoporosis or who are at high risk
for systemic bone loss to prevent oral
inflammation through good oral hygiene,
including daily brushing with an antibacterial
dentifrice, such as Colgate® Total® Toothpaste.
Colgate® Total® uses a copolymer to improve
retention of the antibacterial agent triclosan on
oral surfaces, resulting in antibacterial and
antiplaque activity for as long as 12 hours after
brushing." Colgate® Total® also directly inhibits
potent inflammatory mediators,” helping to
keep oral inflammation under control.”

Conclusion
Although mechanisms explaining the
association between periodontal disease and
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osteoporosis have been suggested, it is
unknown if one of these conditions helps cause
the other, if they are independently caused by
the same factors, or if the association is
coincidental. More prospective longitudinal
studies, ideally intervention trials, are needed
to understand this relationship. Given the
increasing worldwide prevalence of osteopenia
and osteoporosis, a full understanding of the
precise relationship between these two diseases
is necessary. Measures commonly used to
prevent and treat systemic bone loss may have
a beneficial impact on the oral health of the
population as well.
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