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Diagnosis, assessment and
management of osteoporosis
ROSEMARY BLACKIE
SPL

Osteoporosis is a common condition,
especially in postmenopausal women,
but it often remains undetected until
after fracture occurs. This article
discusses its diagnosis, fracture
risk assessment and recommended
management.
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Figure 1. Scanning electron micrograph of the porous structure inside an
osteoporotic bone

oming from the Greek, literally translated, osteoporosis
means ‘porous bone’ (see Figure 1). The World Health
Organization (WHO) defines osteoporosis as a “progressive systemic skeletal disease characterised by low bone mass and
microarchitectural deterioration of bone tissue, with a consequent increase in bone fragility and susceptibility to fracture”.1
It is a ‘silent disease’ and can remain undetected until a fall,
often low impact, which can have devastating consequences. It
can cause severe pain and disability and places significant burden on both the NHS and social care. It is estimated that over
three-and-a-half million people in the UK had osteoporosis in
2015 and that approximately 2.6 million sick days are taken
annually due to fragility fractures.2 Hip fractures account for
around half of all fracture costs and over half of those suffering
a hip fracture are unable to return to independent living, while
over one-quarter will die within a year.1 It is also estimated that
the number of hip fractures will double in the next 50 years.2
The prevalence of osteoporosis increases with age, from 2%
at 50 years to over 25% at 80 years in women,3 reflecting the
marked increase in rate of bone loss once oestrogen’s protective effect is lost post-menopause. One in two women and one
in five men over the age of 50 years will have a fracture.4
African-Caribbean women appear to be less susceptible than
white or Asian women.
Treatments aim to slow bone destruction and prevent fractures and there is evidence that bone loss can be restored.1
The National Osteoporosis Guideline Group (NOGG) fully revised
its guidelines in 2017, which have been accredited by NICE and
endorsed by the RCGP.
This article covers the disease and its diagnosis, bone
health and current guidelines on assessment and treatment.

Bone turnover and calcium homeostasis
The 206 bones making up the whole skeleton perform numerous roles and are themselves an active entity, continually breaking down and regenerating through remodelling (see Figure 2),
a process that reduces with age.
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Regulated by a number of hormones (see Table 1) as well as
external lifestyle factors, peak bone mass is reached around the
age of 30 years. It starts to decline after this, with a marked
decline in women after the menopause. Although 90% of bone
mineral density (BMD) is genetically determined,5 a greater peak
BMD can be facilitated by ensuring modifiable factors are optimised, including nutrition, exercise and other lifestyle factors
(see Table 2). This will also reduce the rate of decline as calcium
is mobilised from the bone when blood levels are low, and
retained in the bones when blood levels are replete. Osteoporosis
develops when bone resorption outpaces bone formation.

Diagnosis
Dual-energy X-ray absorptiometry (DXA), which measures BMD,
remains the gold standard for osteoporosis diagnosis. WHO recommends measurement at the femoral neck as it has greater
predictive value for fracture risk.1 The spine is not suitable, particularly in older people, due to natural degenerative changes.1
However, it can be used if hip measurement is not possible. Other
sites, such as the forearm, can be used but T-values vary
between sites, so are less accurate and not recommended.1

T-score and Z-score
The results of DXA are reported as a T-score and Z-score. The
T-score shows how the patient compares to the adult mean
value as measured in young women aged 20–29 years and is
given in standard deviations with reference to this figure.1 (The
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same scoring is used in men as there is no reason to assume
that bone formation and destruction is any different between
sexes). Those with reduced bone density have a negative score
(see Table 3 for definitions).
The Z-score is a comparison of BMD with others of the
same age and ethnicity. It is not an indication of bone strength,
but a low score suggests something else (eg another medical
condition or drug treatment) is affecting bone density.6

Bindex
Bindex is an innovative portable pulse-echo ultrasound device
that can be used for osteoporosis screening and diagnosis.7
It plugs into a computer and measures tibia bone thickness.
Combined with other clinical risk factors and patient characteristics, a density index is calculated, which is used to estimate hip BMD. It has 90% sensitivity and specificity compared
with DXA.
NICE released a Medtech innovation briefing in 2017 on
Bindex, indicating that it could be used alongside current algorithmic tools to help determine the need for DXA. It has not
been placed in the current osteoporosis pathway as there are
concerns around validity and cost.

Causes of reduced BMD
Osteoporosis development is affected by a number of different
factors, and reduced BMD can have primary (age-related) or
secondary causes. Therefore, a full history and physical exam-

Reversal
Osteoclasts die
Oestrogen
Testosterone
(activate osteoblasts)

Thyroxine
(activates
osteoclasts)
Glucocorticoids
(increase osteoclast
activity)

l DRUG REVIEW ■

Resorption
Osteoclasts break
down bone matrix

Formation
Osteoblasts form
matrix
HRT
Teriparatide
(stimulate osteoblasts)

RANKL
(required for
osteoclast formation)
Resting
Denosumab
(inhibits RANKL)

Other hormones and minerals involved:
•P
 arathyroid hormone • Calcitonin
• Calcium
• Cytokines
•V
 itamin D
• Prostaglandins

Figure 2. The bone remodelling cycle and sites of action of hormones and treatments
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ination, together with DXA and blood tests, to include full blood
count (FBC), liver function tests (LFTs), urea and electrolytes
(U&Es) and thyroid function,1 are required, with further investigations as necessary.
Medication can also affect bone remodelling: the detrimental effects of oral corticosteroids on the bones begin within the
first three months of treatment; pioglitazone reduces osteoblast activity; aromatase inhibitors reduce oestrogen levels and
significantly increase fracture risk;5 phenytoin and carbamazepine affect vitamin D status; and iron and levothyroxine reduce
calcium absorption so should not be taken at the same time of
day as any calcium supplements.

Fracture risk assessment
Recent research has focused on identifying and treating at-risk
individuals, and there is evidence behind this approach.
However, a population-level osteoporosis screening programme
is not currently recommended.1
BMD is an indicator of osteoporotic fracture risk, with the
risk doubling with every standard deviation reduction in BMD.2
However, it is not very sensitive, as many people without osteoporosis (T-score between -1 and -2.5) will have a fragility fracture, but assessment without including BMD is inadequate for
full risk assessment.
Risk assessment should be carried out on a case-by-case
basis. Triggers for full risk assessment include:
• Previous fragility fracture
• Post-menopause with risk factors
• Co-existing diseases
• Current oral or systemic glucocorticosteroids
• BMI <18.5kg/m2
• Medication known to affect BMD.
See NICE guideline on assessing the risk of fragility fracture
(CG146) for a full list.

FRAX and QFracture
FRAX and QFracture are the two clinically validated fracture risk
assessment tools and are not interchangeable. FRAX is the
Hormones and proteins

Vitamins and minerals

Calcitonin
Parathyroid hormone
Thyroxine
Oestrogen
Testosterone
Glucocorticoids
Cytokines
Prostaglandins

Calcium
Vitamin D
Copper
Boron
Magnesium
Potassium
Silicon
Zinc
Vitamin K
Vitamins B6, B9, B12
Vitamin C
Vitamin E

Table 1. Hormones, proteins, vitamins and minerals required for
bone formation
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WHO calculator, is advocated by NOGG and links with treatment
thresholds. QFracture gives a different outcome but uses UK
population data.
NICE advises use of FRAX either with or without BMD, or
QFracture, within age guidelines: if outside the age limits,
patients are automatically deemed high risk. Care should be
taken in those over 80 years as risk score underestimates
short-term fracture risk.3 The Scottish Intercollegiate Guidelines
Network (SIGN) advises QFracture to determine whether a full
BMD assessment is required.1,5
In those with clinical risk factors for osteoporosis, or when
anti-osteoporosis treatments are being considered, NICE recommends that a fracture risk assessment should be carried out
to determine the need for a DXA scan.3 SIGN recommends that,
using QFracture, a risk of over 10% over 10 years should trigger
a DXA scan.5

Intervention thresholds
Where there is 10-year fracture risk probability of at least 1%
using FRAX, oral bisphosphonates are first-line for treatment
and prevention because they are cost effective.8 NOGG also
recommends treatment of the majority of elderly women who
have had a previous fracture.9 However, it is very important to
consider the clinical risk-benefit profile, particularly in patients
at just over 1% risk, as the risks may outweigh the benefits.
Denosumab, raloxifene and teriparatide are options for severe
osteoporosis with other risk factors, secondary prevention or
bisphosphonate intolerance.10,11

Gluocorticosteroid risk
Long-term oral and systemic glucocorticosteroids are known to
severely affect bone density, which begins at steroid initiation.
Risk assessment tools underestimate risk3 and patients taking
≥7.5mg oral prednisolone, or equivalent, daily for longer than
three months are at greatest risk. Bone-protection therapy, with
an oral bisphosphonate, should therefore be commenced at the
start of steroid therapy in those with increased fracture risk.1 It
may also be appropriate to commence bone-protection in premenopausal women.1 Repeated frequent courses of steroids
should also trigger risk assessment. Anyone taking steroids
should also be sure to maintain recommended dietary intake of
calcium and vitamin D.

Treatment in postmenopausal women
Treatment thresholds are based on FRAX fracture probability
rather than QFracture. All treatments have been shown to reduce
hip, vertebral and non-vertebral fracture risk1 and six classes are
currently available. None are licensed for use in women before
the menopause. Strontium ranelate and calcitonin nasal spray
have been discontinued due to safety concerns.

Bisphosphonates
Bisphosphonates are inorganic pyrophosphate analogues that
inhibit bone resorption. They are taken orally, daily, weekly or
monthly, or given IV three-monthly or yearly.
Oral alendronic acid, risedronate and ibandronic acid are
prescriber.co.uk
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Non-modifiable

Modifiable

Sex
Age
Ethnicity
Co-existing disease,
eg rheumatoid arthritis,
inflammatory bowel
disease, coeliac disease,
parathyroid disease

Physical activity
Alcohol
Caffeine
Medication (including antiepileptic drugs, steroids,
breast and prostate cancer
drugs, some antidiabetic
drugs)
Diet
Body weight
Calcium and vitamin D intake
Overall nutrition

Table 2. Modifiable and non-modifiable factors affecting bone
mineral density

used for the primary and secondary prevention of osteoporotic
fragility fractures. They are recommended first line where
10-year probability of fragility fracture is above the treatment
threshold.
IV ibandronic acid and zoledronic acid are also used for
primary and secondary prevention. They are recommended second line where the 10-year probability of fracture is above
treatment threshold and the patient cannot take oral bisphosphonates or if these are not tolerated or unsuitable. They are
recommended first line where 10-year probability of fragility
fracture is at least 10%.
A review of the NICE technology appraisal on bisphosphonates in July 2019 concluded that the cost-effective level for
use is now very low due to falls in drug prices. However, this
does not replace clinical guidance for use and choice should be
made on an individual basis. Where several generic products
are available, treatment should be commenced with the least
expensive.8
All bisphosphonates have safety alerts for significant, but
rare, side-effects, more commonly seen with long-term treatment. These should be reported to the MHRA via the Yellow
Card scheme:
• Atypical femoral fracture – Usually bilateral and can occur with
no or minimal trauma with patients experiencing only groin or
thigh pain. Stress fracture is seen on X-ray weeks to months
before complete femoral fracture and is associated with poor
healing.12 Patients should be advised to report any thigh, hip or
groin pain.
• Osteonecrosis of the external auditory canal – more common
after two years of treatment. Other risk factors include steroids
and chemotherapy.13 Patients should report ear pain, discharge
or infection.
• Osteonecrosis of the jaw – Risk is higher with IV use for cancer rather than osteoporosis. Good oral hygiene should be
advised as well as the importance of attending routine dental
check-ups. Oral symptoms such as pain, swelling or reduced
dental mobility should be reported to a doctor or dentist.
Invasive dental treatment should be avoided, if possible, and
patients should inform the dentist of their current medication.
prescriber.co.uk
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Other side-effects of bisphosphonates include gastrointestinal
discomfort, headache and musculoskeletal pain. Oral bioavailability is low, at around 5%, and oesophageal ulceration is also
a risk, so specific administration directions should be followed:
swallow whole at least 30 minutes (one hour for some ibandronic acid preparations) before any other medication or food
and remain upright for at least 30 minutes (one hour for ibandronic acid) after taking. Dose adjustment is required in renal
impairment.

Denosumab
Denosumab is a humanised monoclonal antibody acting on
receptor activator of nuclear factor-kappa B ligand (RANKL) to
inhibit osteoclastogenesis and osteoclast action. Prolia 60mg
is administered via subcutaneous injection six-monthly.
Denosumab is used as second-line treatment.10 It is recommended for primary and secondary prevention of osteoporotic
fragility fractures in patients unable to take bisphosphonates,
or if these are not tolerated or contraindicated, or where there
are a number of independent risk factors combined with age
and T-score.10
Denosumab is associated with rare, but significant, sideeffects, usually with longer-term treatment, and these should
be reported via the Yellow Card Scheme:
• Atypical femoral fractures,14 osteonecrosis of the jaw and
osteonecrosis of the external auditory canal15 – the same
advice should be given as for bisphosphonates regarding
signs/symptoms.
• Renal impairment – increased hypocalcaemia risk if creatinine
clearance <30ml/min.16
• Hypocalcaemia – risk increases with renal impairment and
usually occurs in the first few weeks of treatment. Calcium
levels should be checked before each dose and two weeks after
the initial dose.1,16 Calcium and vitamin D should be replete
prior to denosumab administration.1 Patients should report
muscle spasms, cramps, twitches or numbness/tingling.
Raloxifene
Raloxifene is a selective oestrogen-receptor modulator (SERM)
that inhibits bone resorption. It is recommended for use third
line for the secondary prevention of osteoporotic fragility fractures only when bisphosphonates cannot be taken and there
are a number of clinical risk factors combined with age and
T-score.11 Side-effects include increased deep vein thrombosis,
pulmonary embolism and stroke risk. However, there is reduced
risk of breast and endometrial cancer compared with hormone
replacement therapy (HRT).
Raloxifene is contraindicated in women of childbearing age,
and in renal or hepatic impairment.
Teriparatide
Teriparatide is recombinant human parathyroid hormone. It has
marked anabolic bone effects when given intermittently. It stimulates osteoblast activity and bone formation for up to 18
months. However, there is evidence of marked bone loss after
treatment cessation.
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T-score

Indication of BMD

≥-1

Normal

term androgen therapy for prostate cancer should have a fracture risk assessment and bisphosphonates or denosumab are
treatment options if required.16

< -1 to > -2.5

Osteopenia

Drug holidays

≤ -2.5

Osteoporosis

≤ -4

Severe osteoporosis

Table 3. T-scores and what they indicate in terms of bone mineral
density (BMD)

Teriparatide is recommended for secondary prevention of
osteoporotic fragility fractures only,11 in patients:
• Unable to take bisphosphonates, or if they are not tolerated,
or contraindicated and
• Aged over 65 years with a T-score -4 or below or
• Aged over 65 with a T-score -3.5 or below and more than two
fractures or
• Aged 55–64 years with a T-score -4 or below and more than
two fractures.
Teriparatide is administered via subcutaneous injection at a
dosage of 20µg daily for up to 24 months. The course cannot
be repeated. it should be used with caution in moderate renal
impairment and avoided in severe renal impairment.16

Calcitriol
Calcitriol, also known as 1,25-dihydroxyvitamin D (active vitamin
D), works by increasing calcium absorption and inhibiting bone
resorption. It is taken orally at a dosage of 0.25µg twice daily.
There are no specific recommendations on its use in the NICE
osteoporosis guidelines. Calcium levels should be monitored at
one, three and six months after initiation of therapy and then
six monthly due to hypercalcaemia risk.16
HRT
HRT, either as oestrogen-only preparations or in combination
with a progestogen, increases calcium absorption and reduces
bone resorption. However, the effect lasts only as long as the
preparation is used.
HRT is not routinely recommended for osteoporosis treatment and prevention. The risk/benefit profile should be carefully considered due to an increased risk of breast, ovarian and
endometrial cancer, venous thromboembolism and stroke. Use
for the prevention of osteoporosis is limited to younger postmenopausal women with high fracture risk and menopausal
symptoms.2 It is recommended as second-line treatment for a
maximum of five years in postmenopausal women, and in perimenopausal women, it should only be used if at high risk of
fracture and there are no other treatment options.

Treatment in men
Alendronic acid and risedronate are the first-line treatment
options in men, with IV zoledronic acid and denosumab used
second-line and teriparatide third-line. Men undergoing long18 ❚ Prescriber January 2020

Bisphosphonates are retained in the bones for three to five
years after treatment, maintaining their anti-resorptive effects.
Treatment review is advised after three years for zoledronic
acid and five years for other bisphosphonates. Treatment can
be continued if the patient remains at high risk, or stopped
and reviewed after a further one-and-a-half to three years.1 A
useful algorithm can be found in the NOGG 2017 clinical
guideline for the prevention and treatment of osteoporosis
(see Resources).
High-risk patients include those:
• Over 75 years
• In whom there have been one or more low-trauma fractures
during treatment (not due to poor adherence)
• With previous hip or vertebral fracture
• On current oral corticosteroid treatment (over 7.5mg daily
prednisolone or equivalent).

Lifestyle interventions
Various lifestyle interventions should be encouraged to help prevent osteoporosis and maximise pharmacological treatment.
Physical activity, especially weight-bearing exercise, stimulates bone formation and increases muscle strength. Activity
suitability should be determined on an individual patient basis
to provide benefits without increasing fracture risk. Highimpact sports should be avoided as they increase the risk of
spinal compression fracture. Combining different types of
exercise is recommended, such as balance, stretching, flexibility, endurance, walking and other progressive resistance
training.5
Patients should be encouraged to maintain a normal BMI (ie
19–25kg/m2). Smoking significantly increases fracture risk and
therefore patients should be supported to stop smoking.
Although the exact mechanism is poorly understood, alcohol
slows bone turnover and therefore alcohol intake should be
kept within recommended guidelines.
Dietary recommendations are the same as for the general
population. Calcium intake is very important and supplementation is recommended if dietary intake is less than 700mg/day.
NOGG recommends a daily intake of 700–1200mg through diet
or supplementation. Concerns previously raised over a possible
increase in cardiovascular risk with calcium supplementation
have not been substantiated.
Vitamin D is also very important and 800IU daily is recommended in postmenopausal women and men over 50 years at
increased fracture risk. This is greater than the Scientific
Advisory Committee on Nutrition (SCAN) advice for the general
population of 400IU daily. Those prescribed osteoporosis treatments should be co-prescribed calcium and vitamin D, and this
is especially important if sufficient amounts are not achieved
through dietary intake. The Royal Osteoporosis Society produces a very helpful leaflet entitled Healthy Living for Strong
prescriber.co.uk
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Bones (see Resources) in both hard copy and downloadable
formats, which includes advice on good dietary sources of calcium and vitamin D.
Patients are often non-adherent to calcium and vitamin D
supplements due to lack of understanding of their importance
and intolerance to some preparations. Various forms and flavours are available, including chewable tablets, caplets which
are swallowed whole, effervescent tablets, and once- and twicedaily preparations. Patients should be encouraged to find a
palatable form. Gastric side-effects of bloating and flatulence
can be alleviated by taking the supplements with food.

Preventing falls
Identification and modification of external factors can help to
avoid slips, trips and falls, although studies have not shown a
significant risk reduction. However, it would be prudent to
ensure, for example, sufficient lighting, use of handrails and
avoidance of slippery floors or rugs. Regular eye tests are also
recommended. Medication reviews should be undertaken to
consider suitability of drugs known to increase falls risk.

Future treatments
There are few new treatments on the horizon. Abaloparatide, an
analogue of human parathyroid hormone-related protein, has
been launched in the USA, but was refused an EU marketing
authorisation.17 The EMA’s Committee for Medicinal Products
for Human Use (CHMP) recently reversed its decision on romosozumab, a humanised monoclonal antibody that inhibits the
activity of the signalling protein sclerostin, and the EC has now
granted a marketing authorisation for the treatment of severe
osteoporosis in postmenopausal women at high risk of fracture
with no history of myocardial infarction or stroke. It is a first-inclass medication that can reduce bone resorption and increase
bone formation.18

Resources
National Osteoporosis Guideline Group. NOGG 2017: clinical
guideline for the prevention and treatment of osteoporosis.
Guidelines 23 June 2017. Available from: https://www.guidelines.co.uk/musculoskeletal-and-joints-/nogg-osteoporosisguideline/453250.article
Royal Osteoporosis Society (formerly National Osteoporosis
Society). Healthy living for strong bones. Leaflet. Available from:
https://theros.org.uk/media/2078/nos-healthy-living-lft-v4.pdf
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