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Abstract:
Osteoporosis is described as a 'progressive systemic skeletal disease characterized by low bone mass and micro 

architectural deterioration of bone tissue, with a consequent increase in bone fragility and susceptibility to fracture'. 

Osteoporosis is called a “silent disease” because it progresses without symptoms until a fracture occurs. The fractures 

caused by osteoporosis have a great impact on public health, as they are often associated to increased morbidity, 

mortality, reduced quality of life, long hospital stays and high economic cost.

 Osteoporosis has been identified as an orthopaedic 'epidemic' because of the increased numbers of 

fractures of the hip and wrist which have been occurring since the 1970s. Because the worldwide incidence and 

economic burden of osteoporosis are proportionally staggering, the disease can no longer be ignored. About half of all 

women and one third of all men will sustain a fragility fracture during their lifetime. Increased morbidity and mortality and 

the high costs associated with the rising incidence of osteoporotic fractures make it imperative to implement prevention 

strategies by early detection and treatment of osteoporosis. This review focuses on the epidemiology, etiology, clinical 

features, diagnosis, prevention and treatment of osteoporosis. 
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Introduction 
The word osteoporosis is derived from the Greek word 
osteon for bone and poros for porosity indicating that 
the bone becomes more porous. Osteoporosis is 
described as a progressive systemic skeletal disease 
characterized by low bone mass and micro architectural 
deterioration of bone tissue, with a consequent increase 
in bone fragility and susceptibility to fracture [1]. It is 
characterized by the net loss of bone, which results in a 
decrease in total mineralized bone without a decrease in 
the ratio of bone mineral to the organic matrix. Thus 
there is a decrease in the overall amount of bone. The 
size of the osteoid seams is normal, but there is a 
decrease in the thickness of the cortex and in the 
number and size of the trabeculae in cancellous bone. 
The trabecular plates have increased perforations, and 
there is a decrease in trabecular connectivity. Trabecular 
connectivity is probably the most important 
determinant of the tensile strength of bone. Thus 
ultimately, osteoporosis leads to bone with less tensile 
strength and significantly more susceptibility to 
fracture with less force. At some point, the amount of 
bone available for mechanical support falls below a 
certain threshold and the patient may sustain a fracture 

[2,3] The condition primarily affects older people, 
particularly women, and is associated with 80% of 
fractures in people older than age 60 years. Osteoporosis 
is called a “silent disease” because it progresses without 
symptoms until a fracture occurs. The fractures caused 
by osteoporosis have a great impact on public health, as 
they are often associated to increased morbidity, 
mortality, reduced quality of life, long hospital stays and 
high economic cost [4]
 Osteoporosis has been identified as an 
orthopaedic 'epidemic' because of the increased 
numbers of fractures of the hip and wrist which have 
been occurring since the 1970s. Because the worldwide 
incidence and economic burden of osteoporosis are 
proportionally staggering, the disease can no longer be 
ignored [5]. The present review focuses on the 
epidemiology, etiology, clinical features, prevention and 
treatment of osteoporosis. 

Epidemiology
TThe most commonly used definition, as defined by the 
World Health Organization (WHO), is a bone mineral 
density (BMD) of 2.5 standard deviations (SDs) or more 
below the young normal mean [1]. But this definition 
only includes postmenopausal women evaluated by the 
total body dual-energy X-ray absorptiometry (DEXA) 
scanning technique. Using the WHO definition, a 
quarter of all postmenopausal white Americans, a total 
of 26 million people, are osteoporotic. As per Indian 
scenario is considered based on 2001 census, 
approximately 163 million Indians are above the age of 
50; this number is expected to increase to 230 million by 
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2015. Even conservative estimates suggest that of these, 
20 per cent of women and about 10-15 per cent of men 
would be osteoporotic. The total affected population 
would, therefore, would be around 25 million [6-8]. 
More than one in three of adult women and one in five 
men will sustain one or more osteoporotic fractures in 
their lifetime. Common sites of fracture include the 
vertebral bodies, distal radius, proximal femur and the 
proximal humerus; distal radius and hip fractures being 
the commonest. Approximately 50% of patients 
suffering a hip fracture can no longer live independently 
and 20% die within 12 months of the fracture [9].

Pathophysiology
The main components of bone are cells, organic matrix 
and minerals. The osteoblast cell synthesizes bone 
collagen and other components of matrix. Osteoclasts 
resorb bone. The skeleton is in dynamic equilibrium by 
osteoclastic and osteoblastic activity and about 10% of 
adult skeleton is remodelled every year. The 
pathogenesis of osteoporosis is complex. In childhood 
and adolescent period bone formation exceeds 
resorption, resulting in continued skeletal growth and 
denser, longer and heavier bones. This process slows 
down in adulthood, and peak bone mass is attained at 
about 30 yr of age. After this, resorption begins to exceed 
formation. Normal bone loss averages 0.7 per cent per 
year. It gets accelerated at the time of menopause to 2-5 
per cent per year in females, which may continue for up 
to 10 years. Since cancellous bone is much more 
metabolically active than cortical bone, in periods of 
accelerated bone loss cancellous bone loss is 3-fold 
greater [8]. 
 As there is no demonstrable underlying 
medical cause for osteoporosis in 80% of women and 
50% of men who present with fragility fractures, a 
diagnosis of primary involutional osteoporosis is often 
made. Riggs and Melton subdivided primary 
osteoporosis into type I and type II osteoporosis, type I 
being related to the loss of ovarian function after the 
menopause and type II being an exaggeration of the 
normal aging process. A recent study has emphasized 
the importance of estrogen in bone loss in both men and 
women and proposed a link between type I and type II 
osteoporosis. Nowadays, the expression “primary or 
idiopathic osteoporosis” is more commonly used than 
“type I or type II osteoporosis.” Despite this, it is 
important to realize that involutional osteoporosis is 
multifactorial and that the roles of each specific fracture 
are still poorly understood. If there is a cause for 
osteoporosis such as an endocrine, metabolic, 
gastrointestinal, renal, or hematologic disorder in 
addition to certain hereditary diseases and drug 
treatment, the diagnosis is that of secondary 
osteoporosis [10-12]. The higher proportion of 
secondary osteoporosis in men than in women is usually 

attributed to alcoholism, malignant disease, long-term 
corticosteroid treatment, and hypogonadism.

Etiology
 Genetic factors: The major genetic component 
responsible for bone mass may be l inked to 
polymorphism in the gene for vitamin D receptor 
(VDR) [13]Polymorphism of the alleles of the vitamin D 
receptor gene may account for the major part of the 
heritable component of bone density in women, 
possibly mediated in part by impaired calcium 
absorption from the bowel but this association has not 
been found in group of men [14]  In addition, estrogen 
receptor a (ERa) gene polymorphisms may also be 
associated with BMD in women and may influence 
some determinants of bone metabolism resulting in 
accelerated age related bone loss [15]
Nutritional factors: Calcium and vitamin D nutrition 
plays an important role in determining bone health. 
Low vitamin D level and low calcium intake seems to be 
a major contributing factor to poor bone health and 
osteoporosis in India. Poor sunlight exposure, skin 
pigmentation and vitamin D-deficient diet are some 
obvious causes for this finding. Vitamin D deficiency is 
highly prevalent in different subgroups of Indian 
population despite enough sunshine. Majority of 
Vitamin D deficiency is asymptomatic. In an Indian 
study, at Vitamin D cut off level of 15ng/ml 66.3% 
subjects and at cut off level of 20ng/ml, 78.3% subjects 
were Vitamin D deficient [16]
Risk factors for osteoporosis and fragility fractures: Risk 
factors for fragility fractures can be divided into two 
main types—those related to trauma, such as a tendency 
to fall, and those related to bone strength, such as BMD, 
skeletal architecture, and bone size. However, several 
risk factors, such as immobility and aging, may operate 
through both skeletal and extra skeletal routes [12]. Risk 
factors for osteoporosis specific to men include 
hypogonadism, thyroid dysfunction, a low body mass 
index  (<19  kg/m2) ,  smok ing ,  h ig h  a lcohol 
consumption, long-term corticosteroid therapy (>7.5 
mg of prednisolone for >six months), physical inactivity 
and diseases which predispose to low bone mass and 
neuromuscular dysfunction. The peak bone mass is as 
important as the rate of bone loss. Race, genetic factors, 
diet and exercise all contribute to the peak bone mass, 
but the most obvious influence is hormonal and the 
timing of the onset of puberty [14]. The risk factors 
which are important when considering women, are 
those listed above for men together with specific ones 
including a maternal history of fractures after minor 
trauma, or a past history of fragility fractures, loss of 
height and thoracic kyphosis, an early menopause (<45 
years of age) either natural or surgically induced, a late 
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menarche, prolonged secondary amenorrhoea (>1 
year) and early hysterectomy. Neoplastic causes for 
osteopenic bone should always be borne in mind. 
Myeloma and metastases from other tumors are 
relatively common. But the most important risk 
fracture is the bone mineral density (BMD) and it been 
shown repeatedly that there is a significant correlation 
between a low bone mineral density (BMD) and an 
increased risk of fracture [17]

Diagnosis
 T h e  d i a g n o s i s  o f  o s t e o p o r o s i s  i n  a 
postmenopausal woman or older individual who 
presents with pain and a vertebral compression fracture 
is uncomplicated however, before a pathologic fracture 
occurs, the diagnosis of osteoporosis can be more 
difficult. As noted, radiographic changes are insensitive 
to early changes of osteoporosis, and clinical symptoms 
of pain are typically lacking. Additionally, there are no 
characteristic laboratory abnormalities associated with 
osteoporosis.
Assessment of bone mineral density
 Bone mass is a major determinant of bone 
strength and there is increasing risk of fracture with 
decreasing bone density. Plain radiographs, while 
important in the diagnosis and management of 
fractures, are of little use in quantifying and managing 
osteoporosis. Standard radiologic measurements allow 
for the definition of skeletal architecture. However, the 
typical radiograph reveals only a semi-quantitative 
assessment of skeletal mass [18]. Although inexpensive 
and readily available, this technique provides little 
information about trabecular bone, which is the most 
metabolically active, and as noted, the area of bone 
most involved in postmenopausal osteoporosis. The 
ability to measure BMD has been one of the most 
significant advances in the investigation and treatment 
of osteoporosis because BMD strongly correlates with 
bone strength. But it is important to realize that bone 
strength depends not only on the amount of mineral 
measured by current techniques but also on the 
structural characteristics of the skeleton such as size, 
shape, and three-dimensional architecture [19]. Several 
techniques are developed for measuring bone mass, few 
are mentioned below.
 The first specific bone scanning method to be 
developed, the single-photon absorptiometry 
technique (SPA) used a single energy radionuclide [20]. 
The technique of photon absorptiometry relies on the 
relationship between bone mineral content and the ease 
with which photons pass through skeletal tissue. The 
denser the skeleton, the more photons are absorbed by 
the bone tissue. This method can only be used in 
regions with minimal soft tissue, usually the distal 

radius or the calcaneus, because the scan cannot 
differentiate between absorption in soft tissue and bone 
[12].
  To overcome this problem, Dual x-ray 
absorptiometry (DXA) was introduced in 1987 which 
has become gold standard in BMD measurement. This 
method uses x-rays as the photon source, avoiding the 
problems of isotope source decay and replacement. The 
scan time is reduced to minutes with markedly 
improved scan image quality and resolution. DXA is 
currently the most used scanning technique for 
predicting the risk of fractures, establishing or 
confirming the diagnosis of osteoporosis, selecting 
patients for therapy, and monitoring the effectiveness of 
therapy [21].  It is a relatively cheap, non-invasive, safe 
and fairly accessible means of diagnosing and 
monitoring the disease. The BMD readings obtained 
are either compared with the young adult reference 
range (T-scores) or with those of an age-matched 
control group (Z-scores). Since the T-score is a 
comparison with the 'best ever' BMD it represents an 
absolute risk of fracture. The Z-score is a comparison 
within different age ranges and represents a relative risk 
of fracture. When deciding treatment strategies for 
osteoporosis, most clinicians currently use the hip scan, 
or occasionally the spine scan in younger patients, as 
the gold standard. Newer and smaller DXA equipment 
that measure the radius or the calcaneus is promising 
because of lower cost and because the machines are 
portable [12].
 Other radiological investigations used in the 
diagnosis of osteoporosis include quantitative 
ultrasound (QUS) and Quantif ied computer 
tomography (QCT). Quantitative ultrasound (QUS) 
transmits a signal through the bone in the range of 100 
kHz up to 2 MHz. It started in 1984 with the 
introduction of parameter broadband ultrasound 
attenuation (BUA). This parameter evaluated the 
attenuation in the bone; this being mainly caused by 
scattering but also by absorption.  Attenuation seems to 
reflect not only the amount of mineral in the bone but 
also the bone structure, elasticity, and strength. Bone 
microstructure and material properties have both been 
shown to affect QUS parameters, and studies have 
supported the view that QUS can predict fractures 
independent of the BMD value estimated by DXA scan 
but further studies are needed tom prove this [12, 22].
  Quantified computer tomography (QCT) is a 
densitometric technique that measures the actual 
volumetric bone density. The principal advantage of 
QCT is that the value received is a true volumetric 
figure for BMD and not a two-dimensional, area-
corrected result, as is obtained with DXA. But the 
disadvantage is, it is expensive and the patient is 
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exposed to a high level of radiation [12, 17]
Assessment of bone metabolism by biochemical bone 
markers
There are a number of biochemical markers of bone 
turnover available in most hospital laboratories. They 
can be broadly divided into those which assess the 
formation of bone and those which indicate resorption 

Bone Formation
 Bone contains hydroxyapatite crystals, which 
are present in the matrix, consisting of about 90% type 1 
collagen and 10% non-collagenous proteins including 
osteocalcin, the dominant non-collagenous protein in 
bone. The basic structure of collagen is a triple helix 
consisting of two α-1 chains and one α-2 chain with a 
high content of glycine, proline, and hydroxyproline. 
Procollagen is formed in the osteoblasts, and after 
secretion to the extracellular space, the procollagen I 
extension peptides are split at the amino (N) terminals 
(P1NP) and carboxyl (C) terminals (P1CP) before final 
fibril formation. These extension peptides are a marker 
of bone formation and can be measured in blood. In 
addition, during bone formation, the bone cells secrete 
non-collagenous small proteins that become 
incorporated into the matrix. One of these, osteocalcin 
(BGP), can be measured in blood as a marker of bone 
formation. Alkaline phosphatase (ASP) and bone-
specific alkaline phosphatase (BSAP), an enzyme 
involved in the mineralization of bone, are also used as 
markers of bone formation [12, 23]. 

Bone Resorption
 Urinary hydroxyproline (OHP) is widely used 
to estimate the degradation of bone collagen and as 
such is a marker of bone resorption. The collagen 
molecules aggregate to fibrils that are stabilized by 
covalent cross-links. The pyridinium cross-links 
comprise pryidinoline (Pyr) and deoxypryidinoline 
(D-Pyr), which are present in all mature collagen except 
skin. Because D-Pyr is only present in significant 
amounts in bone, it is considered to be more bone 
specific than Pyr. The peptide cross-link fragments at 
the N terminals (NTx) and C terminals (CTx), in serum 
are markers of bone resorption. During bone 
resorption, osteoclasts also secrete tartrate-resistant 
acid phosphatase isoenzymes (TRACP), and the serum 
concentration of this enzyme has sometimes been used 
as a marker of bone resorption. Another collagen 
degradation product used to estimate bone resorption 
is C-terminal cross-linking telopeptide of type 1 
collagen, which is found in both serum and urine [12, 
23]. Biochemical markers of skeletal turnover have 
great advantages of use in both assessing the turnover 
rate in rapid loosers of bone as well as monitoring of 

therapy. But however, there is not enough conclusive 
evidence for an optimum combination of these tests to 
be defined in an algorithm for predicting fractures.

Management
The fundamental management goals for patients who 
have osteoporosis are prevention and treatment of 
osteoporosis and management of osteoporotic 
fractures. Half of all women and one third of all men 
will sustain a fragility fracture during their lifetime. 
Increased morbidity and mortality and the high costs 
associated with the rising incidence of osteoporotic 
fractures make it imperative to implement prevention 
strategies in the community.
Non-pharmacological Prevention of Osteoporotic 
Fractures
1. Nutrition: Normal skeletal health is dependent on a 
balanced diet with an adequate intake of energy, 
minerals, vitamins, and proteins. Calcium is the most 
important nutrient for attaining adequate peak bone 
mass. The 1994 consensus conference discussing the 
optimum calcium intake recommended a daily intake 
of 1200 to 1500 mg for adolescents, 1000 mg for adults 
up to 65 years of age, and 1500 mg for postmenopausal 
women not receiving estrogen and for elderly 
individuals [24]. The positive correlation between 
dietary calcium and BMD has been shown in children, 
adolescents, and young women, indicating that higher 
calcium intake results in a higher BMD. Calcium 
absorption is also dependent on the vitamin D level and 
serum concentrations of 25-hydroxy vitamin D decline 
with age. The current recommendation is that the daily 
intake of vitamin D should be about 400 to 800 IU if 
exposure to sunlight is low, especially in the elderly, 
who have decreased ability to activate precursors in the 
skin, decreased ability to hydroxylate vitamin D in the 
kidney and liver, reduced dietary intake, and 
diminished absorption from food. Another problem in 
frail elderly individuals is achieving an adequate intake 
of protein, total energy, and a variety of other 
nutritional components such as phosphorus, 
magnesium, zinc, copper, iron, fluoride, sodium, and 
vitamins D, A, C, and K, all of which are required for 
normal bone health [12].
2.Physical Activity: Bone tissue seems to be most 
adaptive to mechanical load during periods of rapid 
skeletal change as in the late prepubertal and early 
pubertal period. Mechanical loading increases BMD 
and also improves bone structure, geometry, 
architecture, and possibly material properties such as 
strength, stiffness, and its energy absorbing capacity. 
During adulthood physical activity should be regarded 
more as bone preserving rather than bone building 
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because most studies show only 1% to 3% increase in 
BMD with exercise. Nevertheless, the exercise-induced 
bone-preserving effect in adulthood may be of great 
importance in maintaining bone strength and 
preventing age-related fractures because only a small 
increase in BMD is associated with a significant 
reduction in the risk of fracture. Brisk walking, 
climbing up and down stairs, dancing, and calisthenics 
are the most suitable activities for older people since 
they are easily available and are inexpensive and safe. 
Encouragement of an active lifestyle with mild to 
moderate impact type exercise will undoubtedly 
contribute to protecting the bone stock. There are many 
epidemiological studies which support this hypothesis, 
with sufficient evidence to suggest that all types of 
insufficiency fracture, including those around the hip, 
can be reduced [12, 25, 26]
3. Prevention of falls: Exercise, including balance 
training, improves balance and decreases the risk of 
falling. The greatest effect was seen in those who were 
most compliant with the program. In several recent 
studies, Tai Chi has been shown to be an effective 
intervention reducing falls by almost 50% [27].. 
Environmental factors such as rugs, slippery and 
uneven floor surfaces, poor lighting, electrical cords, 
foot stools without handrails, slippery top surfaces, and 
unsuitable footwear are often responsible for fall in 
elderly, modification of the home environment to 
eliminate these factors can prevent falls. Because 
previous falls are an independent risk factor for future 
falls, it is especially important to evaluate each elderly 
person who has fallen for any risk factors in the home 
environment [12]. This has been successfully used in 
the PROFET study (Prevention of Falls in the Elderly 
Trial), in which intervention decreased the risk of falls 
by 70% in patients who had presented to emergency 
departments with fall-related injuries [28]. The key 
elements of such programs of risk reduction are as 
follows:
Individual management so that factors relevant to a 
particular patient are addressed
·Reduction of environmental hazards
·Appropriate reduction of medication
·Education of the individual in behavior strategies
·Education techniques for getting up after falls
·Exercise programs to improve strength, balance, and 

aerobic capacity
Hip Protectors: More than 90% of hip fractures are 
related to direct impact on the hip. Energy absorption 
in the soft tissue surrounding the hip has been shown to 
protect against hip fractures and as much as 75% of the 
energy in a fall can be absorbed. Based on these facts, 
various hip padding systems have been developed. 
There are a number of different types, including an 

energy-shunting type (horseshoe) system, a crash 
helmet type, an energy-absorptive type, and an airbag 
type, designed to reduce the impact of the skeleton in a 
fall. Randomized controlled trials, including nursing 
home residents and those frail elderly living at home, 
have shown a protective effect of 34% by hip protectors 
when using pooled data. The most significant problem 
with this type of prevention strategy appears to be 
compliance [12].

Pharmacological Prevention and treatment of 
Osteoporosis

1. Calcium and Vitamin D:Calcium suppresses 
endogenous production of PTH thereby reducing 
stimulus to bone remodelling. Beneficial effects have 
been demonstrated in both children and adults 
especially improving bone density at non-vertebral 
sites. Reduced Vitamin D activity can cause 
hypocalcaemia which stimulates parathyroid hormone 
secretion which mobilizes calcium from bone which is 
important in genesis of osteoporosis. The active 
metabolite of Vitamin D; calcitriol directly improves 
calcium absorption from the gut. Overall calcium and 
vitamin D together are considered as adjunct to other 
therapies  with proven antifracture ef f icacy. 
Furthermore there is evidence that Vitamin D 
supplementation has beneficial effects on muscle 
strength and reduces the risk of falls in elderly[29]. The 
recommended daily intake is 1000 to 1500 mg for 
elemental calcium and 800 IU for vitamin D.
2. Bisphosphonates: Bisphosphonates are stable 
analogues of pyrophosphates characterized by a 
phosphorous-carbon-phosphorous bond that strongly 
binds to the hydroxyapatite crystal with a half-life in 
bone of several years. The drug inhibits bone resorption 
by reducing the recruitment and activity of osteoclasts 
and by increasing their apoptosis [30]. Nitrogen-
containing bisphosphonates inhibit the mevalonate 
metabolic pathway, while bisphosphonates that do not 
contain nitrogen are metabolized in the cell (osteoclast) 
into cytotoxic analogues of adenosine triphosphate. 
The plasma half-life of bisphosphonates is very short, 
but the half-life of bisphosphonates deposited in bone is 
probably up to 10 years and could be longer [31]. 
Bisphosphonates are absorbed poorly from the 
gastrointestinal tract, which complicates their oral 
administration. Oral administration of alendronate 
and r isedronate requires fast ing before and 
immediately after the drug is taken. But intravenous 
preparations are available now to tackle these problems. 
If taken intravenously, short-term adverse effects 
mimicking influenza are commonly seen for a few days, 
especially after the first injection [12]
Etidronate was the first bisphosphonate used for the 
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treatment of low BMD. A dose of 400 mg per day was 
given for 2 weeks and then repeated every 3 months. 
The increase in BMD was reported to be about 4% and 
results showed a reduction of the rate of vertebral 
fractures after 2 years of treatment [12, 32]. 
Alendronate is most efficient at reducing fracture in 
people at highest risk of fracture that is, women with at 
least one prevalent vertebral fracture or with a 
measured bone density that confirms osteoporosis [31]. 
It also reduces steroid-induced bone loss. It is 
administered as 10mg daily or 70 mg weekly dosage. 
Risedronate, another oral bisphosphonate given in 
doses of 5 mg /day or 35 mg/wk, has been shown to 
increase bone mineral density and reduce the risk of 
vertebral, non-vertebral, and hip fractures in 
osteoporotic women [33, 34]. Ibandronate, one of the 
newer bisphosphonates made popular by its monthly 
150 mg oral dosing schedule and monthly intravenous 
3-mg formulation option, confers similar anti-
osteoporotic effects. As with alendronate and 
risedronate, patients treated with ibandronate have 
substantial increases in bone mineral density at all sites. 
In addition, they have decreases in vertebral fracture 
risk. If compliance is an issue, ibandronate may be a 
useful option in these patient groups [33, 35]. 
Zoledronic acid is available in an intravenous 
formulation given 5 mg once yearly as an infusion. It has 
demonstrated efficacy in increasing bone mineral 
density and reducing fracture risk. Patients being 
treated with weekly oral alendronate can switch to 
zoledronic acid if compliance is an issue. This can 
maintain the beneficial bone effects for twelve months 
after a single infusion. 
 The most common side effects associated with 
use of zoledronic acid include influenza-like post-
infusion symptoms of fever, muscle pain, headache, and 
bone pain. The majority of symptoms resolve within 
three days [33,36]. The side effects of the oral 
bisphosphonates are similar and are due to their 
inherent toxicity to epithelial cells lining the 
gastrointestinal tract. The result may be gastrointestinal 
irritation and ulceration. Therefore, it is recommended 
that patients take the medication first thing in the 
morning on an empty stomach along with at least two 
glasses of water and then remain upright for thirty 
minutes [33].  Osteonecrosis is another rare but serious 
complication of bisphohonate therapy.

Hormone Replacement Therapy
 Estrogen formulations were approved by the 
U.S. Food and Drug Administration for use in 
prevention of osteoporosis, but not for treatment of 
osteoporosis [33]. Estrogen, both with and without 
progestin, has consistently been shown to not only 

maintain, but also increase, bone mineral density. 
Smaller doses of HRT than those often used in early 
postmenopausal women in the range of 0.5 to 1 mg of 
oral 17-estradiol, 25 mg of trans-dermal 17-estradiol, or 
0.3 mg of conjugated equine estrogens have a similar 
beneficial skeletal effect. Estrogen influences BMD loss 
for as long as the drug is given [37]. When HRT is 
stopped, bone loss mimics bone loss after the 
menopause. The downside of HRT is that it has many 
serious adverse effects including vaginal bleeding, 
breast tenderness, deep vein thrombosis and 
pulmonary embolism, stroke, heart disease, gall 
bladder disease, and an increased risk of breast, 
endometrial, and ovarian cancer after long-term use. 
Women who have had a hysterectomy can be given 
estrogen alone, but in others estrogen and a 
progestogen should be given cyclically or in a combined 
continuous regimen to reduce the risk of endometrial 
cancer [12].

Selective Estrogen Receptor Modulator
 In contrast to HRT, which has multiple target 
organs leading to a number of adverse effects, selective 
estrogen receptor modulators (SERMs) act as estrogen 
agonists or antagonists depending on the target tissue. 
Raloxifene acts as an antagonist of estrogen in the breast 
and the endometrium but acts as an agonist on bone 
and lipid metabolism. Raloxifene has been shown to 
prevent post menopausal bone loss, decrease bone 
turnover to premenopausal levels, and reduce the 
incidence of fracture [12]. Raloxifene also lowers the 
frequency of breast cancer by 70% but increases the 
incidence of venous thrombosis and pulmonary 
embolism at a similar rate to HRT. Tibolone is a 
synthetic steroid that has been used for the prevention 
of osteoporosis. It acts on estrogen, progesterone, and 
androgen receptors either directly or indirectly through 
metabolites and has different effects from different 
target tissues. Tibolone prevents bone loss in post-
menopausal women [33].

Calcitonin
 Calcitonin is produced by the thyroid C cells. It 
effectively inhibits bone resorption by decreasing 
osteoclast formation and activity. Calcitonin acts 
quickly but its effects are reversible and transient. 
Despite the increase in bone mineral density the gains 
are not maintained after discontinuation of treatment. 
Calcitonin has been approved by the U.S. Food and 
Drug Administration for treatment of established 
osteoporosis but not for prevention of postmenopausal 
osteoporosis. Other than anti-resorptive action 
calcitonin also has centrally mediated analgesic action 
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which can provide added benefit in patients with 
painful vertebral fractures. It is available as both a 
parenteral injection and nasal spray (200 IU salmon 
calcitonin). Side effects include nausea, facial flushes, 
and diarrhea. The intranasal formulation of calcitonin 
is the most widely prescribed because of its ease of use 
and superior tolerability [12, 33, 38]

Parathyroid Hormone
 Continuous treatment by parathyroid 
hormone (PTH) results in increased bone resorption 
and bone loss. By contrast, intermittent PTH treatment 
in individuals with osteoporosis stimulates bone 
formation, increases BMD, and reduces the risk of 
fractures
Approved by the U.S. Food and Drug Administration in 
2002, teriparatide (parathyroid hormone [PTH1-34]) is 
the only anabolic agent available for the treatment of 
postmenopausal osteoporosis. Administered 20 
micrograms subcutaneously with use of a pen-like 
device, daily teriparatide injection is the most effective 
therapy for restoring bone quality. The effects of 
parathyroid hormone are mediated by enhancement of 
bone turnover. When administered intermittently, the 
anabolic effects predominate, increasing bone mass up 
to 13% over two years of therapy. The anti fracture 
efficacy of parathyroid hormone is not just by increase 
in bone mineral density; but it also increases  trabecular 
number as well as trabecular thickness of the bone. 
Although it has been proven to be efficacious across the 
spectrum of osteoporosis disease severity, the use of 
parathyroid hormone has been limited most likely as a 
result of the combination of high cost, relative 
inconvenience, and potential adverse reactions 
associated with use of the drug. The use of teriparatide 
is contraindicated in patients with active Paget disease 
of bone, metastatic cancer in the skeleton, or a history of 
skeletal irradiation, and in children with open 
epiphyses. Additional adverse reactions associated with 
teriparatide include nausea, swelling, pain, weakness, 
erythema around the injection site, and elevation in 
plasma calcium levels [13, 33, 39, 40]

Strontium ranelate
 Strontium ranelate, a novel orally active agent, 
has been developed for the treatment of osteoporosis. It 
consists of two atoms of strontium and an organic 
moiety ranelic acid. Strontium ranelate acts by both 
stimulating bone formation and decreasing bone 
resorption [41]. It has recently been approved for 
osteoporosis in Europe [42]. The recommended dose is 
2 g daily. The drug comes in the form of granules to be 
taken as a suspension in a glass of water. Due to the slow 

absorption, it should be taken at bedtime, preferably at 
least 2 hours after eating. Food, milk and medicinal 
products containing calcium may reduce bioavailability 
by 60% to 70%, so they should be avoided for at least 2 
hours. Side effects include an increased frequency of 
nausea, diarrhea, and headache in the first few months 
of treatment, not usually requiring withdrawal of 
treatment, and an excess of venous thromboembolism 
[43].

Anabolic Steroids
 Albright in 1941 first reported the efficacy of 
androgens in the treatment of osteoporosis. Several 
anabolic steroids have been tried in humans including 
Stanozolol and Nandrolone; the former is administered 
orally and the latter as intra muscular injection.44 As 
androgen deficiency likely plays an important role in 
age associated bone loss, androgen replacement might 
stimulate osteoblasts to produce new bone. Androgens 
have also been shown to decrease urinary calcium 
excretion, increase muscle mass. The effects of these 
steroids on bone mass are essentially consistent with a 
preferential effect on the cortical bone mass. Stanozolol 
a n d  n a n d r o l o n e  a u g m e n t  b o n e  m a s s  i n 
postmenopausal women, but at the expense of lowering 
serum HDL concentrations. Other concerns include 
the potential for virulization; alteration in blood lipid 
levels, which might increase risk for heart disease; and 
increased risk for hypertension. These concerns, along 
with the risk of hepatotoxicity when androgens are used 
for more than 3 months, have limited the usefulness of 
this form of therapy. If the patient is hypogonadal male, 
the use of testosterone by injection or patch is 
appropriate to tackle osteoporosis [43]

Fluoride
 Fluoride is a mineral that is incorporated into 
the hydroxyapatite crystal of bone. It stimulates 
osteoblast recruitment and activity and increases BMD 
in the spine. Though patients receiving sodium fluoride 
might improve bone mass with a lower dose, 
confirmation of a benefit from sodium fluoride is 
lacking, so currently it is not recommended for 
therapeutic use in osteoporosis [12, 43].

Newer Drugs
 Denosumab is a human monoclonal antibody 
against receptor activator of nuclear factor-kB ligand 
(RANKL). It is a fully human monoclonal antibody that 
was developed using transgenic mouse technology. 
Denosumab exerts its action through inhibition of 
RANK ligand, a key mediator in osteoclast activation. It 
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binds with high affinity to RANK ligand which 
prevents the interaction of RANK ligand with its 
receptor, RANK, which is present on the surface of 
osteoclasts and their precursors. Denosumab thus 
inhibits osteoclast activity, thereby decreasing bone 
resorption in trabecular and cortical bone. Denosumab 
is now awaiting approval for entry into the market [33, 
41, 45].
 Cathepsin-K inhibitors are another group of 
novel anti-resorptive agents. Cathepsin K is critical for 
normal osteoclastic bone resorption. The two agents 
which are under development are balicatib and 
odanacatib. Clinical trials with these agents have 
demonstrated increase in hip and lumbar spine BMD, 
with a significant reduction in bone resorption markers 
[41, 46].
 Src kinase is a non-receptor tyrosine kinase 
and a member of the Src family of protein kinases which 
plays an important role in activity and survival of 
osteoclast cells. Saracatinib is a novel orally available 
competitive inhibitor of Src kinase shown to inhibit 
bone resorption, but is still in trail phase [41, 47].

Other Drugs
 Several other drugs have been used in the 
treatment of osteoporosis. Vitamin K has been 
suggested as a treatment for osteoporosis, and it has 
been reported that a low intake of vitamin K is 
associated with an increased risk of hip fracture. 
Growth hormone is another drug used in the treatment 
of osteoporosis because it theoretically could increase 
muscle strength and BMD. However, there is no proof 
that it prevents bone loss and reduces fracture risk in 
postmenopausal women. Ipriflavone, a synthetic 
compound belonging to the family of isoflavones, may 
prevent bone loss, but it does not seem to reduce the 
incidence of fractures in osteoporotic women. Finally, 
Statins have been shown to increase BMD in animal 
studies but further information is required about their 
effects in humans before it can be recommended for the 
prevention of fragility fractures [12]

Management of osteoporotic fractures
 If an old osteoporotic patient sustains a 
fracture, there are several important age-related factors 
to consider when planning treatment. The functional 
demands in the elderly are low but long-term 
immobilization in bed must be avoided. Thus, it is 
probably even more important in the elderly to achieve 
stable fracture fixation that will reduce pain and 
facilitate mobilization. Reduced bone mass, increased 
bone brittleness, and structural changes such as 
medullary expansion must be taken into account in the 

osteoporotic patient when deciding on the type of 
surgical method to be used. The major problem in 
osteoporotic fracture treatment is fixation of the device 
to the bone because bone failure is much more common 
than implant breakage. Internal fixation devices such as 
sliding nail plates, intramedullary nails, and tension 
band constructs that permit skeletal loading and 
minimize stress at the implant-bone interface should be 
used. Some osteoporotic fractures are also associated 
with bone loss. If this occurs, it is important to achieve 
bone contact between the two main fragments even if 
this results in shortening of the extremity to achieve 
bony union.
 Several types of fragility fractures can be 
mobilized in a sling, cast, or brace. Immobilization in 
casts can lead to joint stiffness. Furthermore, a cast does 
not control fracture shortening, which is often seen in 
osteoporotic bone, and if the subcutaneous tissue is 
very mobile, as it often is in the elderly, cast fixation will 
not provide adequate fracture fixation.  E x t e r n a l 
fixators can be used, but the main problem with 
external fixation in osteoporotic bone is the same as for 
screw fixation—namely, loss of fixation. Loosening of 
the device is often followed by pin tract infection and 
local bone resorption, sometimes leading to a 
secondary fracture at the pin site. The introduction of 
hydroxyapatite-coated pins has reduced this 
complication because fixation is improved compared 
with when using titanium-coated and standard pins. 
Another method used to improve internal fixation and 
to avoid bone resorption is to anchor the pins or screws 
with polymethylmethacrylate bone cement. This can be 
inserted into the bone and allowed to harden before 
drilling, or it can be inserted into the screw holes just 
before the screws are inserted. If this method is used, it 
is important that the cement does not penetrate the 
fracture so as to interfere with fracture healing.
 Intramedullary nailing is a popular treatment 
for  osteop orot ic  long-b one  f rac tures .  It  i s 
biomechanically more favorable and permits early 
weight bearing. With the introduction of interlocking 
nails, it is also possible to nail fractures that are close to 
the metaphyseal regions in long bones. The fixation can 
be improved by the use of several interlocking screws in 
different directions or by augmentation of the screws 
with bone cement. It is also important to realize that 
because osteoporosis causes the diameter of the 
intramedullary canal to increase; larger-diameter nails 
must often be used in older patients. Even if 
osteoporosis does not impair fracture healing, the 
diminished bone mass will reduce the amount of callus 
formation and increase the time taken to restore 
adequate bone strength. Therefore, autogenous 
cancellous bone graft is often recommended to enhance 
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f racture heal ing.  However,  in pat ients  with 
osteoporosis, the amount of cancellous bone available 
for grafting is reduced, often necessitating the use of 
allografts or biodegradable synthetic products such as 
calcium phosphate cement that fill defects in 
osteoporotic bone.
 Introduction of locked plating has improved 
the quality of fixation of osteoporotic fractures. It 
provides better fixation than conventional plates and 
also reduce stress at implant bone interface. Joint 
replacement surgery is a good option after displaced 
femoral neck fractures because the stability provided by 
the implant permits immediate weight bearing and 
mobilization.
 The treatment of osteoporotic vertebral 
compression fractures has usually been non-operative, 
with the amount of disability directly relating to the 
number of fractured vertebrae. However, within the 
past few years, vertebroplasty and kyphoplasty have 
been introduced as new treatment modalities which 
allow immediate pain relief and weight bearing; thus 
reducing the co-morbidities.
 along with the other standard measures. More research 
needs to be conducted to develop a separate 
questionnaire for Indian and or Asian population.

References

1) World Health Organization Assessment of fracture risk and its 
application to screening for postmenopausal osteoporosis. 
Technical Report Series 843; WHO, Geneva 1994.

2) Melton LJ, Riggs BL. Further characterization of the 
heterogeneity of the osteoporotic syndromes. In: Kleerekoper M, 
Krane SM, editors. Clinical disorders of bone and mineral 
metabolism. New York: Mary Ann Liebert; 1989

3) Parfitt AM, Shih M-S, Rao DS, et al. Relationship between bone 
formation rate and osteoblast surface in aging and osteoporosis: 
evidence for impaired osteoblast recruitment in pathogenesis. J 
Bone Miner Res 1992; 7(Suppl 1):S116.

4) Osteoporosis Canada. Breaking Barriers Not Bones; 2008 
National Report Card on Osteoporosis Care. Toronto: Osteoporosis 
Canada, 2008.

5) Consensus Development Conference: diagnosis, prophylaxis, 
and treatment of osteoporosis. An, J Med 1993; 94:646-650.

6) Nordin BEC. International patterns of osteoporosis. Clin Orthop 
1966; 45: 17-30.

7) Gupta AK, Samuel KC, Kurian PM, Rallan RC. Preliminary 
study of the incidence and aetiology of femoral neck fracture in 
Indians. Indian J Med Res 1967; 55: 1341-8.

8) Malhotra N, Mithal A. Osteoporosis in Indians. Indian J Med 

Res. 2008; 127:263-8.

9) Kanis JA on behalf of the World Health Organization Scientific 
Group. Assessment of osteoporosis at the primary health-care level. 
Technical Report. WHO Collaborating Centre, University of 
Sheffield, UK. 2008.

10) Riggs BL, Khosla S, Melton LJ 3rd. A unitary model for 
involutional osteoporosis: estrogen deficiency causes both type I 
and type II osteoporosis in postmenopausal women and contributes 
to bone loss in aging men. J Bone Miner Res 1998;13:763-773.

11) Riggs BL, Melton LJ 3rd. Clinical review 8: Clinical 
heterogeneity of involutional osteoporosis: implications for 
preventive therapy. J Clin Endocrinol Metab 1990;70: 1229-1232.

12) Bucholz, Robert W.; Heckman, James D.; Court-Brown, 
Charles M.; Tornetta, Paul. Rockwood and Green's Fractures In 
Adults, 7th Edition, Lippincott Williams & Wilkins, 2010.

13) Lo CW, Paris PW, Holick MF. Indian and Pakistani 
immigrants have the same capacity as Caucasians to produce 
vitamin D in response to ultraviolet irradiation. Am J Clin Nutr 
1986; 44 : 683-5.

14) . Francis RM, Harrington F, Turner E, Papiha SS, Datta HK. 
Vitamin D receptor gene polymorphism in men and its effect on 
bone density and calcium absorption. Clin Endocrinol 1997; 46 : 
83-6.

15) Mitra S, Desai M, Ikram M. Association of estrogen receptor a 
gene polymorphisms with bone mineral density in postmenopausal 
Indian women. Mol Genet Metab 2006; 87: 80-7

16)  Arya V, Bhambri R, Godbole MM, Mithal A. Vitamin D 
status and its relationship with bone density in healthy Asian 
Indians. Osteoporosis Int. 2004;15:56-61 

17)  A. B. Stephen, W. A. Wallace. The management of 
osteoporosis. J Bone Joint Surg [Br] 2001; 83-B:316-23.

18) Singh M, Riggs BL, Beabout JW, et al. Femoral trabecular-
pattern index for evaluation of spinal osteoporosis. Ann Intern Med 
1972;77:63.

19)  Laskey MA, Crisp AJ, Cole TJ, Compston JE. Comparison of 
the effect of different reference data on lunar DPX and Hologic 
QDR-1000 dual energy xray absorptiometers. Br J of 
radiology.1992;65:1124-9. 

20) Ahlborg HG, Johnell O, Turner CH, et al. Bone loss and bone 
size after menopause. N Engl J Med 2003;349:327-334.

21) Mazess RB, Barden HS, Bisek JP, et al. Dual-energy x-ray 
absorptiometry for totalbody and regional bone-mineral and soft-
tissue composition. Am J Clin Nutr 1990; 51:1106-1112.

22) Langton CM, Palmer SB, Porter RW. The measurement of 
broadband ultrasonic attenuation in cancellous bone. Eng Med 
1984;13:89-91.

23) Masters PW, Jones RG, Purves DA, et al. Commercial assays 
for serum osteocalcin give clinically discordant results. Clin Chem 
1994;40:358-363.

24) NIH consensus development panel on optimal calcium intag. 
JAMA 1994;272: 1942-1948.

11Journal of  Trauma & Orthopaedics | Jan - Mar 2015 | Volume 10 |Issue 1 | Page 3-12

www.jtojournal.comKawalkar AC



How to cite the article:

Kawalkar AC. A Comprehensive Review on Osteoporosis. Journal of  Trauma & 

Orthopaedics.Jan-Mar  2015; 10(1):3-12

Conflict of Interest: Nil 
Source of Support: Nil

12Journal of  Trauma & Orthopaedics | Jan - Mar 2015 | Volume 10 |Issue 1 | Page 3-12

25) Kanis J. Pathogenesis of osteoporosis and fracture. In: 
Osteoporosis. Blackwell Healthcare Communications, 1997:22.

26) Cummings SR, Nevitt MC, Browner WS, et al. Risk factors for 
fracture in white women. New Eng J Med 1995;332:767-73.

27) Wolfson L, Whipple R, Derby C, et al. Balance and strength 
training in older adults: intervention gains and Tai Chi 
maintenance. J Am Geriatr Soc 1996;44:498-506

28) Close J, Ellis M, Hooper R, et al. Prevention of falls in the 
elderly trial (PROFET): a randomised controlled trial. Lancet 
1999;353:93-97 

29) Agrawal VK, Gupta DK. Recent update on osteoporosis. Int J 
Med Sci Public Health 2013; 2:164-168.

30) Fleisch H. Bisphosphonates in Bone Disease: From the 
Laboratory to the Patient. 4th ed. San Diego: Academic Press, 2000.

31) Cummings SR, Black DM, Thompson DE, Applegate WB, 
Barrett-Connor E, Musliner TA, et al. Effect of alendronate on risk 
of fracture in women with low bone density but without vertebral 
fractures: results from the Fracture Intervention Trial. JAMA 
1998;280:2077-82.

32) Watts NB, Harris ST, Genant HK, et al. Intermittent cyclical 
etidronate treatment of postmenopausal osteoporosis. N Engl J Med 
1990; 323:73-79. 

33) Laura Gehrig, Joseph Lane, Mary I. O'Connor. Osteoporosis: 
Management and treatment strategies for orthopaedic surgeons. J 
Bone Joint Surg Am. 2008;90:1362-74

34) McClung MR, Geusens P, Miller PD, Zippel H, Bensen WG, 
Roux C, Adami S, Fogelman I, Diamond T, Eastell R, Meunier PJ, 
Reginster JY; Hip Intervention Program Study Group. Effect of 
risedronate on the risk of hip fracture in elderly women. N Engl J 
Med. 2001;344:333-40

35) Reginster JY, Adami S, Lakatos P, Greenwald M, Stepan JJ, 
Silverman SL, Chritiansen C, Rowell L, Mairon N, Bonvoisin B, 
Drezner MK, Emkey R, Felsenberg D, Cooper C, Delmas PD, Miller 
PD. Efficacy and tolerability of once-monthly oral ibandronate in 
postmenopausal osteoporosis. Ann Rheum Dis. 2006;65:654-61

36) Reid IR, Brown JP, Burckhardt P, Horowitz Z, Richardson P, 
Trechsel U, Widmer A, Devogelaer JP, Kaufman JM, Jaeger P, Body 

JJ, Brandi ML, Broell J, Di Micco R, Genazzani AR, Felsenberg D, 
Happ J, Hooper MJ, Ittner J, Leb G, Mallmin H, Murray T, Ortolani 
S, Rubinacci A, Saaf M, Samsioe G, Verbruggen L, Meunier PJ. 
Intravenous zoledronic acid in postmenopausal women with low 
bone mineral density. N Engl J Med. 2002;346: 653-61.

37) Ahlborg HG, Johnell O, Karlsson MK. Long-term effects of 
oestrogen therapy on bone loss in postmenopausal women: a 23-
year prospective study. BJOG 2004;111: 335-339

38) Mu˜noz-Torres M, Alonso G, Raya MP. Calcitonin therapy in 
osteoporosis. Treat Endocrinol. 2004;3:117-32.

39) Jilka RL. Molecular and cellular mechanisms of the anabolic 
effect of intermittent PTH. Bone.2007;40:1432-46.
40)  Compston JE. Skeletal actions of intermittent parathyroid 
hormone: effects on bone remodeling and structure. Bone. 
2007;40:1447-52.

41) Deepak Kumar Khajuria, Rema Razdan, D.Roy Mahapatra. 
Drugs for the management of osteoporosis: a review. Rev Bras 
Reumatol 2011;51(4):365-82

42) Meunier PJ, Roux C, Seeman E, et al. The effects of strontium 
ranelate on the risk of vertebral fracture in women with 
postmenopausal osteoporosis. N Engl J Med 2004;350: 459–68.

43) Lee S. Simon. Osteoporosis. Rheumatic Disease Clinics of  
North America. 33 (2007) 149–176.

44) Albright.F., Smith.PH et al . Post menopausal osteoporosis: its 
clinical features. J.Am.Med.Soc.1941; 116:2465-2474.

45) McClung MR, Lewiecki EM, Cohen SB, Bolognese MA, 
Woodson GC, Moffett AH, Peacock M, Miller PD, Lederman SN, 
Chestnut CH, Lain D, Kivitz AJ, Holloway DL, Zhang C, Peterson 
MC, Bekker PJ; Bone Loss Study Group. Denosumab in post-
menopausal women with low bone mineral density. N Engl J Med. 
2006; 354: 821-31.

46) Peroni A, Zini A, Braga V, Colato C, Adami S, Girolomoni G. 
Drug induced morphea: report of a case induced by balicatib and 
review of the literature. J Am Acad Dermatol 2008; 59:125-9.

47) Horne WC, Sanjay A, Bruzzaniti A, Baron R. The role(s) of 
Src kinase and Cbl proteins in the regulation of osteoclast 
differentiation and function. Immunol Rev 2005; 208:106-25.

www.jtojournal.comKawalkar AC


	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8
	Page 9
	Page 10

