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ABSTRACT

The aim of the review is to evaluate the current status of relationship between osteoporosis and periodontal
diseases. Now due to aging population in industrialized nations, osteoporosis is a common observation. Osteoporosis
is the most common disease of middle- age and elderly people. 1ts main consequence is the increased risk of bone
[fractures and tooth loss. 1t is the thinning of bone tissue and loss of bone density over time. Osteoporosis is amongst
the commonest chronic diseases in which bone becomes porous and more susceptible to fracture. 1t is estimated that one
in three postmenopansal women and one in five men over the age of 50 years are affected. There are no symptoms in
the early stages of the disease. Symptoms occnrring late in the disease include bone pain or fracture. Osteoporosis may
contribute to periodontal disease and ultimately tooth loss. Both of these diseases have been a public health concern
because of the impact caused by bone fracture and tooth loss. Bone loss is a common feature of periodontitis and
osteoporosis. The etiology of tooth loss is multifactorial, but one particular focus of interest has been whether os-
teoporosis is a contributory factor. Various researchers have addressed this question in studies of varying qualities.
The weight of the evidence suggests that there is a significant relationship between the number of teeth present and

skeletal bone mineral density.

In this article the plansible link bas been reviewed between periodontal disease and osteoporosis. 1t is hoped that the
review would help dental professionals to deliver better treatment and comprehensive oral care to their patients . Thus,
the elderly could live a healthier and more meaningful quality of life with the prevention of these diseases.
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INTRODUCTION

According to World Health Organization
(WHO), Osteoporosis is considered to be present
when the bone mineral density (BMD) is 2.5 standard
deviations below the normal. Osteopenia is defined
as bone mineral density T-score between -1.0 and
-2.5." The clinical importance of systemic bone loss
as a contributory factor to alveolar bone loss and sub-
sequent loss of teeth requires to be studied exten-
sively. Moreover the possibility that osteoporosis and
periodontal diseases could be related because they
share common etiological agents, which could affect
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or modulate their natural history, should be looked
into.>® There is a significant association between os-
teoporosis and tooth loss after adjusting the effect
for age and smoking.* Fractures resulting from os-
teoporosis can affect a patient’s quality of life severely,
and fractures result in functional impairment and in-
creased health care cost and mortality. Medical man-
agement of osteoporosis includes diet control, with
appropriate intake of calcium and vitamin D, weight-
bearing exercise, discontinuation of tobacco and al-
cohol intake, and use of medications, including selec-
tive estrogen receptor modulators, calcitonin, anabolic
agents and bisphosphonates.®

RISK FACTORS OF OSTEOPOROSIS
Non-modifiable risk factors

Osteoporosis is common after ages 35 and 40
in both sexes, with acceleration of bone loss within a
decade after menopause in women.® The proportion
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of women with normal bone density declines sharply
with increasing age.”® Women are more susceptible to
osteoporosis than men. However, osteoporosis in
men, particularly at an older age is an important health
problem in the eldetly.” Genetics play an important
role in regulating bone density, skeletal geometry, and
bone turn over as well as contributing to the patho-
genesis of the osteoporotic fracture as evidenced by
hereditary studies.'™"

MODIFIABLE RISK FACTORS

Gonadal hormones are the most important in-
fluence on bone loss in women. The onset of meno-
pause and subsequent estrogen deficiency can affect
the rate of bone loss."*'* Rapid bone loss can be pre-
vented by hormone replacement therapy."'>'® For
regulation of bone mineral density in men, testoster-
one is considered to be of primary importance, though
estrogen also appears to play a role at a later age in
establishing peak bone mass and maintaining bone
mineral density.!'® Calcium intake is very important
for skeletal growth and peak bone mass development."
Increasing the intake of milk in adolescents has been
shown to improve bone mineralization.”” Calcium
supplementation in post-menopausal women with low
habitual dietary calcium intake may be effective in re-
ducing bone loss.?"** The body weight history of
women with anorexia nervosa is the most important
predictor of the presence of osteoporosis.”” There-
fore, all persons with eating disorders remain at in-
creased risk for osteoporosis. Vitamin D is essential
for optimal absorption of calcium. Deficiency in vi-
tamin D contributes to osteoporosis and fractures
through its effects on bone fragility and impaired
muscle strength.** High consumption of fruits and
vegetables, and the resulting high intake of dietary
alkali have beneficial effects on bone mineral density.*

Cigarette smoking is associated with low bone
mineral density as well as increased risk for fractures
in men and women. This effect will only slowly di-
minish after a person stops smoking,* Heavy alcohol
consumption has been shown to depress osteoblast
function and thus decrease bone formation. Lack of
physical activity is associated with an increased risk
of osteoporosis, whereas weight bearing and muscu-
lar activity stimulate bone formation and increase bone
mass.” Low body weight and weight loss are both es-
tablished risk factors for low bone mass and an in-
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creased rate of bone loss. Bone loss can also be

33

JKCD December 2011, Vol. 2, No. 1

induced by medications, the most important of which
are glucocorticoids.™

DIAGNOSIS

BMD accounts for more than 75% of bone
strength. Quantitating osteopenia to predict the risk
of experiencing fractures is as useful as measuring
blood pressure or cholesterol levels to predict the risk
of experiencing stroke or myocardial infarction.”
Spine and hip BMD reflect the risk of experiencing
vertebral and hip fractures. Dual energy x-ray
absorptiometry (DXA) is considered the gold stan-
dard method for determining BMD. Peripheral BMD
measures include peripheral DXA, calcaneal ultra-
sonography’>” and digital x-ray radiogrammetry, and
they are used for screening and to predict the short-
term risk of experiencing fracture.”*” The World
Health Organization (WHO) defines osteoporosis in
postmenopausal women as a BMD with T score more
than 2.5 standard deviations below the mean for young
healthy adults. A BMD between 1.0 and 2.5 standard
deviations below the mean (T score = “1.0 to -2.5) is
classified as osteopenia.”

PREVENTION AND TREATMENT

Pharmacological options for osteoporosis pre-
vention and treatment are, Hormone Replacement
Therapy, Alendronate, and Raloxifene for prevention,
and Calcitonin for treatment.”” Clinicians, including
dentists, should inform and motivate the public to
make and sustain life style changes relating to exer-
cise, diet, tobacco, and alcohol use. The National Os-
teoporosis Foundation as well as the National Acad-
emy of Sciences recommends a daily intake of 1200
mg of dietary calcium and 400-800 IU of vitamin D.

Tobacco use should be discouraged and current
smokers should be encouraged to quit on their own
or participate in smoking cessation programs. Coun-
seling and treatment should be offered to patients with
excessive alcohol consumption as part of the life style
modifications to prevent osteoporosis.” The benefi-
cial effects of physical activity and weight bearing ex-

ercises have been well documented.?4#

PHARMACOLOGICAL
INTERVENTION

Several pharmacological agents are available to
increase bone mineral density and therefore treat or
prevent osteoporosis. They include hormone replace-
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ment therapy, bisphosphonates, calcitonin, selective
estrogen receptor modulators, parathyroid hormone
or combination of these medications. There is suffi-
cient evidence in the literature to demonstrate that
depending on the drug and the patient population,
treatment reduces the risk of vertebral fractures by
30-65% and non-vertebral fractures by 46-53%.1*

HORMONE REPLACEMENT
THERAPY (HRT)

Rapid loss of bone density is observed because
of estrogen deficiency in the eatly post-menopausal
years. The rationale for HRT is to delay this bone loss.
Estrogen therapy can inhibit osteoclast formation and
function and can also extend the lifespan of osteo-
blasts and osteocytes.” In a randomized clinical trial
as part of the women’s health initiative trial, women
were randomly assigned to receive conjugated estro-
gens, with or without a progestin, the reduction in
hip fractures was 33%.* HRT increased total hip bone
density and reduced the risk of fractures at the hip,
vertebrae and wrist.” Discontinuation of estrogen
results in measurable bone loss, although it is not cer-
tain whether discontinuation results in a greater frac-
ture risk than continuation.*

Recently, concern has been raised about the non-
skeletal risks associated with long term use of estro-
gen. Evidence of an increased risk of breast cancer
and of cardiovascular outcomes during the course of
the estrogen plus progestin trial of the women’s health
initiative prompted early termination of this trial in
2002.#

This has led to a re-evaluation of the role of
HRT in the treatment and prevention of osteoporo-
sis. HRT should not be recommended for prevention
of osteoporosis in post-menopausal women, unless
the woman are at a significant risk of osteoporosis,
and other osteoporosis medications are unable to be
considered.”’ It is therefore important that women
discontinuing HRT receive appropriate screening for
their risk for complications of osteoporosis and should
be counseled regarding alternative forms of therapy
to prevent fracture.”

SELECTIVE ESTROGEN RECEPTOR
MODULATORS

They were developed to provide the benefit{ of

estrogen therapy without its unwanted side effe
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Their mechanism of action such as that of raloxifene
is similar to that of the estrogens.” Reduction in frac-
tures was observed in the first year of treatment but
no effect was found on the risk of non-vertebral frac-
tures. Adverse effects include hot flashes and cramps.
Similar to estrogen therapy, an increase in the inci-
dence of deep vein thrombosis was observed.” New
selective estrogen- receptor modulators are being re-
searched and may be available in the near future.

BISPHOSPHONATES

They are analogues of pyrophosphonate and
bind selectively to bone mineral. During bone resorp-
tion they are taken up by the osteoclast, resulting in
osteoclast de-activation and apoptosis’. Bone resorp-
tion is suppressed followed by a secondary mineral-
ization resulting in increased bone mass, improving
bone strength and a reduction in fractures.”

Bisphosphonates are often considered the first-
line therapy for the treatment of post-menopausal os-
teoporosis. They are the most widely prescribed anti-
restorative agents. Randomized trials of alendronate
and risedronate, two second generation bisphospho-
nates, demonstrated increased bone mineral density
in post-menopausal women with osteopenia or os-
teoporosis. In women with osteoporosis a reduction
in the incidence of hip, vertebral and non-vertebral
fractures of nearly 50% was found. This effect was
noted early in therapy. Osteonecrosis of the jaws oc-
curs more commonly in the mandible but has also
been reported in the maxilla, and appears to be highly
associated with periodontitis, other oral infections, and
extraction of the affected teeth in majority of the re-
ported cases. In addition the signs and symptoms that
may occur before the appearance of clinically evident
osteonecrosis include changes in the health of the
periodontal tissues, non-healing mucosal ulcers, loose
teeth and unexplained soft tissue infection. The role
of oral bisphosphonates in osteonecrosis of the jaw
needs to be further evaluated.’*

CALCITONIN

Calcitonin is an inhibitor of osteoclast activity.
Both nasal and subcutaneous calcitonin are available
for treatment of post-menopausal osteoporosis. Treat-
ment of women with osteoporosis with nasal calcito-
nin has been shown to reduce the incidence of verte-
bral fractures in a single randomized study, by 33%
when compared to placebo.”
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COMMON RISK FACTORS OF
OSTEOPOROSIS AND PERIODONTAL
DISEASE

Periodontitis or periodontal disease is an inflam-
matory process characterized by loss of connective
tissue and alveolar bone. It is generally accepted that
the single, most important, etiological factor in peri-
odontitis is subgingival dental plaque with its concuz-
rent bacterial infection, leading to loss of epithelial
attachment and loss of alveolar bone.”™** Like os-
teoporosis, it is a silent disease, being asymptomatic
until late when mobile teeth, abscesses and tooth loss
may occut. In addition, periodontitis and osteoporo-
sis have several risk factors in common (Table 1).

Two recent review articles on osteoporosis and
periodontal disease discussed a number of issues re-
garding general BMD and oral alveolar bone loss, early
loss of teeth and increased severity of periodontal
disease in patients with osteoporosis.®**! Risk factors
for osteoporosis such as smoking, old age, and low
intake of calcium and vitamin D also are common in
patients with advanced periodontal disease. Conduct-
ing clinical and radiographic dental examinations, as
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well as recognizing common risk factors for both os-
teoporosis and periodontal disease, can help dentists
identify patients who are at risk of developing os-
teoporosis. The results of an assessment of an alveo-
lar trabecular pattern can be a clinical indicator of
BMD.*

The results of other studies suggest that rou-
tine panoramic radiographs also can be used to detect
low BMD, osteoporosis and risk of experiencing ver-
tebral fracture in postmenopausal women.*** The re-
sults also showed that providing special training to
general practitioners in how to use specific evaluation
techniques to read the panoramic radiographs en-
hanced their detection of significant radiographic
changes. In short, the mandibular inferior cortex can
show changes that vary from normal when the en-
dosteal cortical margins are even and sharp on both
sides, to mild or moderate erosion of the inferior cor-
tex, to severe erosion and presence of heavy endosteal
cortical residues and porosity of the inferior mandibu-
This procedure can help detect a high
percentage of postmenopausal women with undetec-
ted low BMD, as well as undetected spinal fractures.**

65

lar cortex.

Table 1: Risk factors for osteoporosis and periodontitis.*"!

Osteoporosis Common

Periodontitis

Female gender Tobacco
Caucasian or Asia
Genetics

Menopause

Diabetes
Hypogonadism
Hyperparathyroidism
Hyperthyroidism
High protein intake
Low vitamin D or
calcium intake
Alcohol abuse
Sedentarism

Low peak bone mass
Drugs: heparin

Low weight

Poor nutritional status
Advanced age

Glucocorticoid therapy

Immunological diseases, Pregnancy

Bacterial dental Plaque

Stress

Oral (alveolar) bone health and Osteoporosis
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There is increasing evidence that osteoporosis,
and the underlying loss of bone mass characteristic
of this disease, is associated with periodontal disease
and tooth loss. Periodontitis has long been defined as
an infection-mediated destruction of the alveolar bone
and soft tissue attachment to the tooth, responsible
for most tooth loss in adult populations. Current evi-
dence including several prospective studies supports
an association of osteoporosis with the onset and
progression of periodontal disease in humans. The
majority of studies have shown low bone mass to be
independently associated with loss of alveolar crestal
height and tooth loss. However studies that focus on
the relation of clinical attachment loss and osteoporo-
sis are less consistent. To date, the majority of studies
on the relationship between periodontal disease and
osteoporosis have been hindered by small sample sizes,
limited control of other potential confounding fac-
tors, varying definitions of both periodontal disease
and osteoporosis, and few prospective studies where
the temporality of the association can be established.
Potential mechanisms by which host factors may in-
fluence onset and progression of periodontal disease
directly or indirectly include underlying low bone den-
sity in the oral cavity, bone loss as an inflammatory
response to infection, genetic susceptibility, and shared
exposure to risk factors. Systemic loss of bone den-
sity in osteoporosis, including that of the oral cavity,
may provide a host system that is increasingly suscep-
tible to infectious destruction of periodontal tissue.
Studies have provided evidence that hormones, he-
redity, and other host factors influence periodontal
disease incidence and severity.*

Tezal et al.,”” studied 70 postmenopausal Cau-
casian women aged 51 to 78 years. They concluded
that skeletal BMD is related to interproximal alveolar
bone loss and, to a lesser extent, to clinical attach-
ment loss, implicating postmenopausal osteopenia as
a risk indicator for periodontal disease. Recently Al
Habashneh et al. in their cross-sectional study of
400 Jordanian postmenopausal women (mean age 62.5
yrs) reported that osteoporosis was significantly asso-
ciated with severe alveolar crestal bone loss and the
prevalence of periodontitis. In another recent study
by Sultan and Rao® on 80 dentate Goan postmeno-
pausal women (age >50 yrs), it was concluded that
skeletal BMD is related to interproximal alveolar bone
loss (ABL) and clinical attachment loss (CAL), though
not to a statistically significant level; implicating post-
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menopausal osteopenia as a risk indicator for peri-
odontal disease.

Physicians and dentists have a mutual interest in
identifying patients at risk of developing osteoporo-
sis and periodontal disease. Collaboration between
these professionals in the prevention and early diag-
nosis of osteoporosis, low BMD and fractures can
lead to early osteoporosis therapy. In the future, it will
be important to recognize if patients with osteopenia
and osteoporosis who are receiving medical treatment
respond better to treatment and control of bone dis-
eases in the head and neck region. Further studies
should also consider the prior selection of a precise
measurement of periodontal disease to establish a
strong association between osteoporosis and peri-
odontal disease.

CONCLUSION

Recent epidemiological and clinical data provides
limited but convincing evidence suggesting a positive
association between osteoporosis and periodontal dis-
ease, and many common risk factors could have been
detected in the etiology of both diseases.

1. Physicians and dentists collaborate to improve
early detection of patients at risk of experienc-
ing or who have osteoporosis. All health care
professionals involved in the care of dental pa-
tients, particularly patients who are taking oral
bisphosphonates, should discuss patient care
decisions and informed consent should be ob-

tained.

The proper knowledge of the level of partici-
pation of many systemic factors in the etiology
of periodontal disease is still in infancy and Os-
teoporosis is one of those factors. Further com-
prehensive multicenter research is needed to
definitely prove or disprove the association of
osteoporosis in the etiology of periodontal dis-
ease.

Although a positive association between os-
teoporosis and periodontal disease was found,
and despite the incipient evidence linking os-
teoporosis and periodontitis, additional studies
are needed to elucidate this topic. These might
include different study design, possibly with in-
tervention before menopause, with long-term
follow up, and investigation of oral conditions
during the postmenopausal phase.
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It is hoped that this review would be helpful for

health care professionals in the prevention, eatly de-
tection, and treatment of these common diseases.
Better understanding of osteoporosis and patients
with periodontal diseases, would certainly help to im-
prove their quality of life.

REFERENCES

1.

10.

11.

12.

13.

14.

WHO. Prevention and management of osteoporosis:
Report of WHO scientific group 2007: 5-31

Garcia RI, Henshal MM, Krall EA. Relationship be-
tween periodontal disease and systemic health.

Periodontol 2000 2001; 25: 21-6.

Yoshihara A, Seida Y, Hanada N, Miyazaki H. A longi-
tudinal study of the relationship between periodontal
disease and bone mineral density in community-dwell-

ing older adults. J Clin Periodontol 2004; 31: 680-4.

Nicopoulou-Karayianni K, Tzoutzoukos P, Mitsea A,
Karayiannis A, Tsiklakis K, Jacobs R, et al. Tooth loss
and osteoporosis: the osteodent study. J Clin
Periodontol 2009; 36: 190-97.

Edwards BJ, Migliorati CA. Osteoporosis and its im-
plications for dental patientsJADA 2008; 139: 545-52.

Riggs BL, Melton L], 3rd Involutional osteoporosis.N
Engl ] Med 1986; 314: 1676-86.

Looker AC, Johnston CC Jr, Wahner HW, Dunn WL,
Calvo MS, Harris TB, et al. Prevalence of low femoral
bone density in older U.S. women from NHANES III.
J Bone Miner Res 1995; 10: 796-802.

Looker AC, Orwoll ES, Johnston CC Jr, Lindsay RL,
Wahner HW, Dunn WL, et al. Prevalence of low femo-
ral bone density in older U.S. adults from NHANES
II1. ] Bone Miner Res 1997; 12: 1761-8.

Orwoll ES. Osteoporosis in men. Endoctrinol Metab
Clin North Am 1998; 27: 349-67.

Jin H, Ralston SH. Genetics of osteoporosis. Curr
Rheumatol Rep. 2005; 7: 66-70.

Levi G, Geoffroy V, Palmisano G, de Vernejoul MC.
Bones, genes and fractures: Workshop on the genetics
of osteoporosis: From basic to clinical research. EMBO
Rep 2002; 3: 22-6.

Christiansen C, Christensen MS, Transbol 1. Bone mass
in postmenopausal women after withdrawal of estro-
gen/ gestagen replacement therapy. Lancet. 1981; 1:
459-61.

Lindsay R, Hart DM, Forrest C, Baird C. Prevention
of spinal osteoporosis in oophorectomised women.
Lancet 1980; 2: 1151-4.

Rae MH, Mole TA, Paterson CR. Endogenous factors
affecting bone mineral content in post-menopausal

37

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

JKCD December 2011, Vol. 2, No. 1
women. Maturitas 1991; 13: 319-24.

Christiansen C, Christensen MS, McNair P, Hagan C,
Stocklund E. Prevention of early postmenopausal bone
loss: Controlled 2-year study in 315 normal females.
Eur J Clin Invest 1980; 10: 273-9.

Riggs BL, Melton LJ. 3rd The prevention and treat-
ment of osteoporosis. N Engl ] Med 1992; 327:
620-27.

Carani C, Qin K, Simoni M, Faustini-Fustini M,
Serpente S, Boyd ], et al. Effect of testosterone and
estradiol in a man with aroma taste deficiency. N Engl
J Med 1997; 33: 91-5.

Slemenda CW, Longcope C, Zhou L, Hui SL, Peacock
M, Johnston C. Sex steroids and bone mass in older
men: Positive associations with serum estrogens and
negative associations with androgens. ] Clin Invest 1997;
100: 1755-9.

Heaney RP, Abrams S, Dawson-Hughes B, Looker A,
Marcus R, Matkovic V, et al. Peak bone mass. Osteo-
poros Int. 2000; 11: 985-1009.

Cadoge ], Eastell R, Jones N, Barker ME. Milk intake
and bone mineral acquisition in adolescent girls:
Randomised, controlled intervention trial. BMJ 1997;
315: 1225-60.

Davies KM, Heaney RP, Recker RR, Lappe JM, Barger-
Lux MJ, Rafferty K, et al. Calcium intake and body
weight. J Clin Endocrinol Metab 2000; 85: 4635-8.

Heaney RP, Berner B, Louie-Helm J. Dosing regimen
for calcium supplementation. | Bone Miner Res 2000;
15: 2291.

Hotta N, Shibasaki T, Sato K, Demura H. The impor-
tance of body weight history in the occurrence and
recovery of osteoporosis in patients with anorexia
nervosa: Evaluation by dual x-ray absorptiometry and
bone metabolic markers. Eur | Endocrinol 1998; 139:
276-83.

Bischoff-Ferrari HA, Willett WC, Wong J B, Giovannucci
E, Dietrich D, Dawson-Huges B. Fracture prevention
with vitamin D supplementation: A meta-analysis of
randomized controlled trials. ] Am Med Assoc 2005;
293: 2257-64.

Barzel US. The skeleton as an ion exchange system:
Implications for the role of acid-base imbalance in the
genesis of osteoporosis. ] Bone Miner Res 1995; 10:
1431-6.

Kanis JA, Johnell O, Oden A, Johansson H, De Laet C,
Eisman JA, et al. Smoking and fracture risk: A meta-
analysis. Osteoporos Int 2005; 16: 155-62.

Gross GJ, Ott CD, Lindsey AM, Twiss JJ, Waltman N.
Postmenopausal breast cancer survivors at risk for os-
teoporosis: Physical activity, vigour, and vitality. Oncol
Nurs Forum Online. 2002; 29: 1295-300.



Osteoporosis and periodontal disease: An update

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

Guthrie JR, Ebeling PR, Dennerstein L, Wark JD. Risk
factors for osteoporosis: Prevalence, change, and asso-
ciation with bone density. Medscape Womens Health.
2000; 5(5): E2.

Kroger H, Tuppurainen M, Honkanen R, Alhava E,
Saarikoski S. Bone mineral density and risk factors for
osteoporosis: A population based study of 1600 pre-
menopausal women. Calcif Tissue Int. 1994; 55: 1-7.

Cannalis E. Clinical review 83: Mechanisms of gluco-
corticoid action in bone: Implications to glucocorticoid-
induced osteoporosis. ] ClinEndocrinol Metab. 1996;
81: 3441-7.

WHO Study Group. Assessment of fracture risk and
its applications to screening postmenopausal osteoporo-
sis. Paper presented at: Geneva: World Health Organi-
zation, 1994; Geneva.

Thompson PW, Taylor J, Oliver R, Fisher A. Quantita-
tive ultrasound (QUS) of the heel predicts wrist and
osteoporosis related fractures in women aged 45-75
years. ] Clin Densitom 1998; 1: 219-25.

Bauer DC, Gluer CC, Cauley JA, Vogt TM, Ensrud KE,
Genant HK et al. Broadband ultrasound attenuation
predicts fractures strongly and independently of den-
sitometry in older women: a prospective study of Os-

teoporotic Fractures Research Group. Arch Intern Med
1997; 157: 629-34.

Miller PD, Siris ES, Barrett-Connor E, Faulkner KG,
Wehren LE, Abbott TA, et al. Prediction of fracture
risk in postmenopausal white women with peripheral
bone densitometry evidence from the National Os-
teoporosis Risk Assessment. ] Bone Miner Res 2002;
17: 2222-30.

Siris ES, Brenneman SK, Miller PD, Barrett-Connor E,
Chen YT, Sherwood LM, et al. Predictive value of low
BMD for 1-year fracture outcomes is similar for post-
menopausal women ages 50-64 and 65 and older: re-

sults from the National Osteoporosis Risk Assessment
(NORA). ] Bone Miner Res 2004; 19: 1215-20.

National Osteoporosis Foundation. Clinician’s Guide
to Prevention and Treatment of Osteoporosis.
“www.nof.org/professionals/ NOF_Clinicians%20_
Guide.pdf”.Accessed April 1, 2008.

National Osteoporosis Foundation. Physicians guide to
prevention and treatment of osteoporosis. Washing-

ton, DC: The Foundation, 1998:1-2. Foundation TNO.

North American Menopause S. Management of post-
menopausal osteoporosis: Position statement of the
North American Menopause Society. Menopause 2002;
9: 84-101.

Ernst E. Exercise for female osteoporosis: A system-
atic review of randomized clinical trials. Sports Med
1998; 25: 359-68.

38

41.

42.

43.

44,

45.

406.

47.

48.

49.

50.

JKCD December 2011, Vol. 2, No. 1

Feskanich D, Willett W, Colditz G. Walking and leisure
time activity and risk of hip fracture in postmenopausal
women (see comment). ] Am Med Assoc 2002; 288:
2300-6.

Kemmler W, Engelke K, Lauber D, Weinesk J, Hensen
J, Kalender WA. Exertcise effects on fitness and bone
mineral density in early postmenopausal women: 1-year
EFOPS results. Med Sci Sports Exerc 2002; 34:
2115-23.

Delmas PD, Rizzoli R, Cooper C, Reginster JY. Treat-
ment of patients with postmenopausal osteoporosis is
worthwhile: The position of the International Os-
teoporosis Foundation. OsteoporosInt 2005; 16: 1-5.

Manoglas SC. Birth and death of bone cells: Basic regu-
latory mechanisms and implications for the pathogen-
esis and treatment of osteoporosis. Endocr Rev 2000;
21: 115-37.

Rossouw JE, Anderson GL, Prentice RL, LaCroix AZ,
Kooperberg C, Stefanick ML, et al. Writing Group for
the Women2 s Health Initiative I: Risks and benefits of
estrogen plus progestin in healthy postmenopausal
women: Principal results from the Women’s Health
Initiative randomized controlled trial. ] Am Med Assoc
2002; 288: 321-33.

Cauley JA, Robbins J, Chen Z, Cummings SR, Jackson
RD, LaCorix AZ, et al. Women’s Health Initiative I:
Effects of estrogen plus progestin on risk of fracture
and bone mineral density: The Women’s Health Initia-
tive randomized trial. ] Am Med Assoc 2003; 290:
1729-38.

Greenspan SL, Resnick NM, Parker RA. Combination
therapy with hormone replacement and alendronate for
prevention of bone loss in elderly women: A random-
ized controlled trial. ] Am Med Assoc 2003; 289:
2525-9.

Ettinger B, Grady D, Tosteson AN, Pressman A, Macer
JL. Effect of the Women’s Health Initiative on women’s
decisions to discontinue postmenopausal hormone
therapy. ObstetGynecol 2003; 102: 1225-

Barrett-Connor E, Wehtren LE, Siris ES, Miller P, Chen
YT, Abbott TA 3td, et al. Recency and duration of
postmenopausal hormone therapy: Effects on bone
mineral density and fracture risk in the National Os-
teoporosis Risk Assessment (NORA) study. Menopause
2003; 10: 412-9.

Riggs BL, Hartmann LLC. Selective estrogen-receptor
modulators: Mechanisms of action and application to
clinical practice. N Engl ] Med 2003; 348: 618-29.

Delmas PD, Ensrud KE, Adachi JD, Harper KD, Sarkar
S, Gennari C, et al. Multiple outcomes of Raloxifene
Evaluation I: Efficacy of Raloxifene on vertebral frac-
ture risk reduction in postmenopausal women with os-
teoporosis: Four-year results from a randomized clini-
cal trial. ] Clin Endocrinol Metab 2002; 87: 3609-17.



Osteoporosis and periodontal disease: An update

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

Reszka AA, Rodan GA. Bisphosphonate mechanism
of action. Curr Rheumatol Rep 2003; 5: 65-74.

Black DM, Cummings SR, Karpof DB, Cauley JA, Th-
ompson DE, Nevitt MC, et al. Randomized trial of
effect of alendronate on risk of fracture in women with
existing vertebral fractures. Lancet 1996; 348: 1535-41.

Ensrud KE, Barrett-Connor EL, Schwartz A, Santora
AC, Bauer C, Suryawanshi S, et al. Long term exten-
sion research group. Randomized trial of effect of
alendronate continuation versus discontinuation in
women with low BMD: Results from the Fracture In-
tervention Trial long term extension (see comment). |

Bone Miner Res 2004; 19(8): 1259-69.

Harris ST, Watts NB, Genant HK, McKeever CD,
Hangartner T, Keller M, et al. Effects of risedronate
treatment on vertebral and non-vertebral fractures in
women with postmenopausal osteoporosis: A random-
ized controlled trial. ] Am Med Assoc 1999; 282:
1344-52.

McClung MR, Geusens P, Miller PD, Zippel H, Bensen
WG, Roux C, et al. Hip Intervention Program Study G.
Effect of risedronate on the risk of hip fracture in eld-
erly women.N Engl | Med 2001; 344: 333-40.

Chestnut CH 3%, Silverman S, Andriano K, Genant H,
Gimona A, Harris S, et al. A randomized trial of nasal
spray salmon calcitonin in postmenopausal women with
established osteoporosis: The prevent recurrence of
osteoporotic fractures study. Am | Med 2000; 109:
267-76.

American Academy of Periodontology. Glossary of Pe-
riodontal Terms, 4th edn. Chicago: The American Acad-
emy of Periodontology, 2001: 39.

Barrios G. Periodoncia. Su fundamento biologico.
Bogota’, Colombia: Ediciones latros Ltda, 1989:
10-43.

Martinez-Maestre MA, Gonzalez-Cejudo C, Machuca
G, Torrejon R, Castelo-Branco C. Periodontitis and os-
teoporosis: a systematic review. Climacteric. 2010; 13:

523-9.

Geurs N. Osteoporosis and periodontal disease.
Periodontol 2000. 2007; 44: 29-43.

39

61.

62.

63.

64.

65.

66.

67.

68.

69.

JKCD December 2011, Vol. 2, No. 1

Kaye EK. Bone health and oral health. JADA 2007,
138: 616-9.

Jonasson G, Bankvall G, Kiliaridis S. Estimation of skel-
etal bone mineral density by means of the trabecular
pattern of the alveolar bone, its interdental thickness,
and the bone mass of the mandible. Oral Surg Oral
Med Oral Pathol Oral Radiol Endod 2001; 92: 346-52.

Nakamoto T, Taguchi A, Ohtsuka M, Suei Y, Fujita M,
Tanimoto K, et al. Dental panoramic radiograph as a
tool to detect postmenopausal women with low bone
mineral density: untrained general dental practitioner’s
diagnostic performance. Osteoporos Int 2003; 14:
659-64.

Taguchi A, Ohtsuka M, Nakamoto T, Naito K, Tsuda
M, Kudo Y, et al. Identification of postmenopausal
women at risk of osteoporosis by trained general den-

tal practitioners using panoramic radiographs. Dento-
maxillofac Radiol 2007; 36: 149-54.

Taguchi A, Ohtsuka M, Tsuda M, Nakamoto T, Kodama
I, Inagaki K, et al. Risk of vertebral osteoporosis in
post-menopausal women with alterations of the man-

dible. Dentomaxillofac Radiol 2007; 36: 143-8.

Payne JB, Reinhardt RA, Nummikoski PV, Patil KD.
Longitudinal alveolar bone loss in postmenopausal os-

teoporotic/osteopenic women. Osteoporosis Interna-

tional 1999; 10: 34-40.

Tezal M., Wacktawski-Wende J. Grossi SG, Ho AW,
Dunford R, Genco R]J. The relationship between bone
mineral density and periodontitis in postmenopausal
women. | Periodontol 2000; 71: 1492-8.

Al Habashneh E., Alchalabi H., Khader YS, Hazza’a
AM, Odat Z, Johnson GK. Association between peri-
odontal diseases and osteoporosis in postmenopausal
women in Jordan. J Periodontol 2010; 81: 1613-21.

Sultan N., Rao J. Association between periodontal dis-
ease and bone mineral density in postmenopausal
women: A cross sectional study. Med Oral Patol Oral
Cir Bucal 2011; 16: 440-47.



