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INTRODUCTION

Osteoporosis is the state in which bone is fully mineralized but
its structure is abnormally porous and its strength is less than
normal for a person of that age and sex. There is significant
decrease in bone mass per unit volume of bone tissue and this
is accompanied by increased fragility of the bone. Older pa-
tients are particularly prone to this entity characterized by de-
creased bone mass. Osteoporosis is a systemic disease charac-
terized by compromised bone strength, which predisposes the
affected bone to fracture.1 It is now recognized that both bone
density and bone quality (architecture, turnover, damage/mi-
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cro fracture, and mineralization) are important determinants of
bone strength. In general, osteoporosis is a silent and progres-
sive disorder that is often brought to the attention of the patient
or the physician only after a fracture. Osteoporosis is currently
one of the leading causes of morbidity and mortality among the
elderly over the world. Vertebral compression fractures are one
of the earliest and most common of the osteoporotic fractures
and the prevalence increases steadily with age, ranging from
20% in 50 year old postmenopausal women to 64.5%for older
women.2 Other common osteoporotic fractures are hip and wrist
fractures.
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In 1991, experts defined osteoporosis as a systemic disease
characterized by low bone mass and micro architectural dete-
rioration of the skeleton leading to bone fragility and increased
fracture risk. Histologically, it is defined as a reduction of bone
(both mineral and matrix) per unit of tissue volume. As the defi-
nition did not prove practical for patient care, a World Health
Organisation (WHO) panel developed the following guidelines,
based on Bone Mineral Density (BMD):

Normal is defined as BMD less than or equal to 1.0 SD below
the mean for peak bone mass.

Osteopenia (low bone mass) is defined as more than 1.0 but
less than or equal to 2.5 SD below the mean.

Osteoporosis is defined as more than 2.5 SD below the mean.3

According to WHO, 13-18% of women over 50 years have
osteoporosis and 37-50% has osteopenia. The huge cost of
managing this disorder should take into account treatment of
this condition and management of complications, hip fracture
being the most bothersome.

Fragility Fractures: Fragility fractures resulting from low trauma
such as a fall from standing height affects up to one half of
women and one third of men after the age of 50. These frac-
tures are frequently associated with osteoporosis. History of a
fragility fracture is among the strongest risk factors for future
fracture. Therefore, optimal care of the patient with a fragility
fracture includes not only treatment of the presenting fracture
itself, but also evaluation and treatment of the underlying cause
or causes to prevent future fractures. However, despite the avail-
ability of therapeutic agents that reduces fracture risk among
osteoporotic patients who have had a fracture, most patients
with fragility fractures are not evaluated for osteoporosis or
treated adequately to reduce the risk of future fracture. Ortho-
paedic surgeons are the first and often the only physicians seen
by fracture patients. Thus, they have the unique opportunity to
serve as primary advocates to ensure that appropriate action is
taken to reduce the risk of future fracture.4

PATHOPHYSIOLOGY

Most individuals attain their highest level of bone mass be-
tween the ages of 16-25 years. The higher this value is, the less
chance there is of developing osteoporosis. The reason for this
is simply that the possibility of any specific rate of bone loss
(from whatever cause) leading to a critically low levels depends
on the amount of bone present before bone loss begins. In men,
bone is normally lost at a rate of 0.3% of total mass per year,
whereas in women the rate of bone loss is as high as 0.5% per

year. The accelerated rate of bone loss which occurs at a rate of
2% to 3% of total bone mass per year begins after menopause
and may last from 6 to 10 years. Osteoporosis can be primary
or secondary. For the purpose of description and understand-
ing of the disease, osteoporosis (primary) has been categorized
into 2 distinct syndromes. Type I known as postmenopausal
osteoporosis, occurs most commonly in women within 15 to 20
years after menopause. It affects mostly trabecular bone, in-
creasing the patient's susceptibility to vertebral compression
fractures, distal radius fractures, and intertrochanteric femoral
fractures. Type II osteoporosis known as senile osteoporosis,
occurs in men and women over the age of 70 years with a fe-
male to male ratio of 2:1. It affects cortical and trabecular bone
equally, predisposing patients to multiple wedge vertebral and
femoral neck fractures. Thus in type I osteoporosis, estrogen
deficiency plays a primary role, while in type II osteoporosis,
aging and long term calcium deficiency are more important.

The aetiology of osteoporosis is multifactorial and is related to
two main processes: acquisition of peak bone density that oc-
curs at the end of the third decade and loss of bone at meno-
pause, going on to old age. Bone remodeling is a dynamic, con-
tinuous process involving repair, maintenance and removal of
old bone. Change occurs in both trabecular and cortical bones.5

Factors affecting bone remodeling includes genetics, race, gen-
der, calcium intake, hormonal status and exercise. Black peo-
ple have higher bone density than Asians or Whites. Normally,
bone resorbed by osteoclast is balanced by new bone formed
by osteoblasts. With aging, a protracted phase of slow bone
loss occurs in both men and women, but women have acceler-
ated bone loss at menopause, continuing for 15 to 20 years.

Thus women are not only prone to rapid deterioration of bone
mass at the perimenopausal period, but also subsequently to
age related osteoporosis that follows in a slower manner.

Estrogen is important to maintain bone strength. The major
physiological action of estrogen is to block activation of the
bone metabolic unit. This is mediated by osteoblasts which have
estrogen receptors. Estrogen inhibits the synthesis of interleukins
by osteoblasts; interleukins stimulate bone resorption. Estrogen
regulates bone turnover and deficiency may be associated with
alteration in cytokine activity.6 Estrogen inhibits bone turnover
which allows the immature collagen cross-links in the newly
formed collagen to stabilize the fibres by forming stable ma-
ture cross-links.7

Age related bone loss which begins in the forties, goes on
through out life and affects both trabecular and cortical bone. It
involves impaired calcium conservation and may be related to
secondary hyperparathyroidism. Calcium absorption through
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the intestine is primarily regulated by 1,25-dihydroxyvitamin
D, the biological active form of Vitamin D. Age may also be
associated with impaired osteoblastic function.5

Risk Factors for Osteoporosis
1. Genetic including family history
2. Fair skin
3. Early menopause
4. Slender built
5. Excessive alcohol consumption
6. Cigarettes smoking
7. Inactivity
8. Malnutrition
9. Inadequate calcium intake
10. Excessive phosphorous or protein intake
11. Caffeine use
12. Exercise induced amenorrhea
13. Impaired metabolism
14. Low peak bone mass in early adulthood

CLINICAL FEATURES

The cardinal features of osteoporosis are pain, fracture and
deformity. In general, osteoporosis is a silent and progressive
disorder that is often brought to the attention of the patient or
the physician only after a fracture.

Pain: May be localized to the site of fracture and may be se-
vere or radiate to flanks or abdomen mimicking another dis-
ease. Typically, pain occurs at the mid or lower thoracic or lum-
ber spine. Pain from fracture usually subsides in a few weeks.
Generalized bone or musculoskeletal pain suggests another dis-
ease such as osteomalacia or metastatic cancer.8

Fracture: May involve the hip, wrist, vertebrae, or other bones
including ribs, pelvis or foot. Of these, the most dreaded is hip
fracture because of its association with loss of independence in
many and mortality of 12-24% in one year.6

Deformity: Results in change in body shape manifesting as
kyphosis (Dowager's hump), loss of height, protuberant abdo-
men and height loss. Additionally, reflux eshophagitis and di-
minished pulmonary capacity may follow as a result of deform-
ity.6

The occurrence of an atraumatic vertebral fracture is generally
sufficient to establish a diagnosis of osteoporosis. With increased
understanding of bone fragility, it is now recognized that falls
play a minor role in generating vertebral fractures.9 Postmeno-
pausal women with one or more radiographically identified
prevalent vertebral fractures have a highly increased risk of

sustaining an incident vertebral fracture; the risk increases fur-
ther with increasing number of prevalent fractures.10,11

CONSEQUENCES OF OSTEOPOROTIC FRACTURES

Osteoporotic fractures occur at many skeletal sites, although
those of the hip, spine, wrist, and proximal humerus are the
most common.Among Caucasians in the United States, the life-
time risk of fracture at age 50 years is at least 40% in women
and 13% in men.12 Hip fractures are the major cause of morbid-
ity and mortality associated with osteoporosis. For instance, up
to one quarter of hip fracture patients die within 1 year of their
fracture. As many as half of all patients with a hip fracture will
have long-term disability, and 25% will require long-term nurs-
ing home care. These patients may develop additional compli-
cations, including pressure ulcers, pneumonia, deep vein throm-
bosis and fatal pulmonary embolism,urinary tract complications,
and depression. Although the rate of hip fracture among men is
one third to one half that of women of similar age, the increased
mortality associated with hip fracture is higher in men than
women.13 Vertebral fractures are two to three times more preva-
lent than hip fractures, yet only about one third of vertebral
deformities are diagnosed acutely.14 This may be because these
fractures are sometimes associated with only minor symptoms
or are asymptomatic and, therefore, may be overlooked by the
physician. However, vertebral fractures can be extremely pain-
ful, debilitating, and frequently associated with loss of height,
postural changes, kyphosis, decrease lung capacity, impairs
normal physical functioning and reduced quality of life. Like-
wise patients feel loss of social role due to unable to participate
in social activities and psychologically they can suffer with
anxiety, depression, negative impact on an individual's self-es-
teem and self-image, and reduced health related quality of life.
Patients with vertebral fractures often experience difficulties in
performing simple activities such as standing, bending, walk-
ing, dressing, carrying, getting into and out of bed, cooking,
washing, using the toilet, and reaching the floor.15-17 Like hip
fractures, they are associated with increased mortality and
morbidity. Patients with a non-spine fracture have approxi-
mately a twofold greater risk for future fractures than do indi-
viduals who have not had a fracture. Furthermore, up to half
of patients with a prior vertebral fracture will experience ad-
ditional vertebral fractures within 3 years, many within the
first year. Compared with individuals with no history of ver-
tebral fracture, a patient with a prior vertebral fracture has
nearly a fivefold increased risk of future vertebral fractures
and a two- to threefold increased risk of hip and other non-
vertebral fractures.18 Altogether, patients with a history of any
type of prior fragility fracture have a two to four fold increased
risk of subsequent fractures compared with those without a
previous fracture.
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DIAGNOSIS

Laboratory Tests
These should be started from routine investigations like, blood
counts, liver function test, serum creatinine, urea, calcium, phos-
phorous, and alkaline phosphatase, to rule out other causes of
osteoporosis.

Radiography
Decreased bone density can be detected only after 30% to 40%
bone loss, but it is nonspecific. Vertebral deformities include
loss of anterior height causing wedging or flattening and pres-
ence of cod-fish vertebra as a result of expansion of interverte-
bral spaces.

Bone Mineral Density Measurement
This is the most sensitive and accurate method to document
osteoporosis. Bone densitometry can detect presence of de-
creased bone density, future fracture risks, and change in bone
density over the time.

Varieties of techniques are available for measuring Bone min-
eral density (BMD).These include central techniques such as
dual-energy x-ray densitometry (DXA) and quantitative com-
puted tomography (QCT), as well as peripheral techniques such
as radiographic absorptiometry (RA), quantitative ultrasound
(QUS), and peripheral DXA (pDXA). Central techniques for
measuring BMD have been advocated as more accurate pre-
dictor of fracture risk, but the most recent data indicate that
less costly, more accessible peripheral BMD measurement are
also effective predictors of fracture risk.19 However, only cen-
tral techniques are appropriate for evaluating the response of
BMD to treatment. Several studies have shown that the risk of
vertebral fracture increases with decreasing BMD.20,21 When
BMD values are adjusted for mean differences between the
sexes, the fracture risk at a given BMD level is similar between
men and women. This suggests that women may have increased
risk of fracture compared to men because, in general, women's
spinal BMD is lower than that of similarly-aged men.20

Central Techniques

Dual-energy x-ray bone densitometry
DXA can be used to measure density from hip or spine. This is
the gold-standard technique for the measurement of bone min-
eral density due to its low radiation burden, high predictive
value for fractures, and cost effectiveness.

Quantitative computed tomography
QCT is more expensive than DXA and involves higher radia-
tion burden. QCT is the only technique that provides a three-
dimensional display of the data and can determine the true volu-

metric BMD; all other techniques provide areal density.22 QCT
enables an integrated measurement of combined cortical and
trabecular bone and also provides separate measurement for
cortical and trabecular bone densities.

Peripheral techniques
Radiographic absorptiometry (RA) uses standard hand x-ray
films together with a standardized aluminium wedge to enable
measurement of phalangeal BMD. It is relatively accessible and
inexpensive method.

Quantitative Ultrasound (QUS) is another relatively accessible
and inexpensive method; it involves the measurement of the
average speed of sound through bone and soft tissue. It is com-
monly performed at the heel or shin. Patellar ultrasound veloc-
ity is a significant predictor of incident vertebral deformity.23

Although there have been few studies specifically addressing
the ability of QUS to predict vertebral fracture risk, its wide
availability, low cost, and ability to be performed without ex-
posing the patient to ionizing radiation make it an appealing
choice for clinical osteoporosis screening.

Peripheral DXA (pDXA), an emerging technique for the as-
sessment of BMD, pDXA can be conducted at the heel or fore-
arm with similar ability to predict fracture risk as central DXA.
It can be used as screening test to decide which patient need to
be central DXA done.

MANAGEMENT

There are 3 goals of management: (1) to stop or reverse bone
loss; (2) to increase or stabilize bone mass; and (3) to reduce
fractures, pain, disability and mortality.24 However, while most
of the focus is on treating osteoporosis management of oste-
oporosis involves prevention and treatment. The best treatment
for osteoporosis is prevention. The risk of osteoporosis can be
reduced by increasing peak bone mass or by decreasing the
bone loss.25 Therefore, the most logical and cost-effective pre-
ventive strategies are to encourage young women to stop smok-
ing and avoid excessive use of alcohol. They should also be
counseled to exercise regularly and consume adequate amounts
of calcium and vitamin D.

Modalities

Exercises — Weight bearing exercise should be encouraged.
Exercise has efficacy in achieving peak bone mass, even in older
patients.Activities such as aerobic dancing or running are better
than swimming to increase bone mass. The exact type of exercise
is less important than tailoring the prescription to the patient’s
individual needs.26
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Life style modification: In addition to exercise, one should in-
clude discontinuing cigarettes smoking and avoiding excessive
alcohol intake. Care to consume a nutritionally sound diet is
important. The elderly are particularly at risk for malnutrition.

Calcium and Vitamin D: Ensuring adequate dietary calcium
intake can be difficult if the patient does not consume a
significant amount of dairy products, which are the primary
source of calcium. Supplementation is advisable for women
whose dietary intake is inadequate. Postmenopausal women are
recommended to take 1500 mg daily of calcium supplementation
and 400 to 800 IU of vitamin D daily which is needed for
adequate calcium absorption; those who are taking hormonal
therapy are advised to take 1g per day of Calcium.27 Calcium
comes as a citrate or a carbonate formulation. Citrate is best
absorbed on an empty stomach while the carbonate preparations
should be taken with meals. Iron decreases absorption of
calcium; thus, iron supplements should be taken at a different
time of the day than the calcium.

Estrogen: Hormonal therapy (HT) has been used for a number
of years because it has been demonstrated to increase BMD
with subsequent prevention of fractures. The term hormone
therapy has been suggested as a substitute for hormone replace-
ment therapy because these medications do not replace the pa-
tient's normal hormones. Benefits of combined estrogen/pro-
gesterone exist in the short term to assist women with vasomo-
tor symptoms related to the perimenopausal state.28,29 Long-term
estrogens alone appear to be beneficial in preventing osteoporo-
sis. For years, HT was considered the primary preventive therapy
for osteoporosis. Concerns over uterine cancer were minimized
by the use of combined estrogen/progesterone therapies, and
worries about the potential increased risk of breast cancer were
minimized.30

One very large randomized prospective trial, the Women’s
Health Initiative (WHI), showed a 34% reduction of hip frac-
ture risk during hormone therapy (estrogen plus progestin) in
normal postmenopausal women.31 This finding also was sup-
ported by several meta-analyses of other trials of hormone
therapy, which confirmed a 33% reduction in vertebral fracture
risk32 and 13% to 27% reduction in nonvertebral fracture risk32,33

after hormone therapy.

Calcitonin: Calcitonin is a polypeptide hormone that inhibits
bone reabsorption by its effect on osteoclasts. It is available as
a nasal spray at a recommended dose of 200 IU per day, which
corresponds to 1 squirt in each nostril every other day. It is also
available in an injectable preparation given in 100 IU subcuta-
neously daily. Research has shown reduction of the risk of new
vertebral fractures with the use of the nasal spray in postmeno-
pausal women with osteoporosis.38

The largest clinical trial of osteoporotic women (1,108 patients)
treated with nasal calcitonin showed small increases in BMD
and a statistically significant 20% reduction in the risk of new
vertebral fractures, with no effect on nonvertebral fractures.34

The drug is expensive and has got some side effects like flush-
ing, nasal irritation, gastrointestinal symptoms and allergy. The
drug is said to relieve pain after fracture, perhaps through cir-
culating endorphins. Calcitonin is not as effective as
biphosphonates, but is an alternative to estrogen in women who
can not take estrogen.

Bisphosphonates: These are pyrophosphate analogues with
antiresorptive properties. Several bisphosphonates are available
for the treatment of postmenopausal osteoporosis, including
alendronate, risedronate. These medications have been
demonstrated to increase BMD and reduce risk for fractures.
Fracture intervention trial done in Alendronate has shown to
significantly reduce the impact on fractures of the spine and the
hip in patients who had osteoporosis with baseline fractures of
the spine. The reduction was about 50%. Consequently,
alendronate has been found an acceptable modality to treat
osteoporotic patients because of this efficacy both in fractures
of the spine and the hip. Bisphosphonates are associated with
the risk for pill esophagitis, however, this may be modulated
with the release of once-weekly regimens. It is important to
continue calcium and vitamin D supplements while on these
agents. Large randomized clinical trials of alendronate and
risedronate have shown increase in BMD (3% to 10%)
accompanied by statistically significant and substantial (up to
50%) reductions in the risk of vertebral, hip, and other non-
vertebral fractures in postmenopausal women with
osteoporosis.35-38

Fluorides: Use remains controversial although it is one of the
few medications which promote osteoblastic activity. It directly
stimulates osteoblastic activity, and increases bone density but
found bone to be more fragile.

Parathyroid Hormone: Parathyroid hormone (PTH) stimulates
bone formation. Parathyroid hormone 1-34 is the only agent
that is anabolic. Studies have shown that it can increase bone
density in the lumbar spine. It needs to be administered via
subcutaneous injection daily. PTH is indicated for patients who
have severe osteoporosis with fractures, or for postmenopausal
patients with osteoporosis who have failed to respond to other
therapeutic alternatives. Daily subcutaneous administration of
PTH (1-34) increases BMD and statistically significantly re-
duces the risk of new vertebral and non-vertebral fractures by
65% and 53%, respectively, in osteoporotic women with an
existing vertebral fracture.39 Several studies in animals suggest
that PTH (1-34) also may enhance fracture healing itself, al-
though this remains to be tested in humans.
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