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Osteoporosis: definition, risk factors, osteoporotic fractures and burden
 Osteoporosis is defined by the World Health Organization (WHO) as a systemic disease 
of the bones characterized by a low bone mineral density (BMD) and loss of micro-
architecture, resulting in an increased risk of developing a fracture[1]. BMD is the result 
of the peak bone mass (reached around the age of thirty), as well as the subsequent rate 
of bone loss. Genetic factors strongly contribute to peak bone mass, but environmental 
factors in intrauterine life, childhood, and adolescence modulate the genetically 
determined pattern of skeletal growth[2,3]. Bone loss is a result of estrogen deficiency, as 
well as estrogen-independent age-related mechanisms (for example: reduced mechanical 
loading, underweight, malabsorption syndromes, and inflammatory diseases)[4]. There are 
several risk factors associated with a low BMD. By assigning a risk score to every risk factor, 
it is possible to identify which patient might benefit from BMD measurement (table 1)[5]. 
Furthermore, every fracture patient older than 50 years should be assessed.

Risk factor      Risk score
Weight <60kg and/or BMI <20kg/m2   1
Age >60 years     1
Age >70 years (do not count risk score >60 years)   2
Previous fracture after 50 years of age   1
Immobility1      1
Rheumatic Arthritis     1
History of falling (>1 fall in preceding year)  1
Risk for secondary osteoporosis2   1
Use of glucocorticoids (>3 months; ≥7.5mg/day)  4

Table 1. Risk factors associated with an increased fracture risk and associated risk score. BMD measurement is 
advocated in patients with a risk score ≥4[5].
1 Use of aids or not able to walk for >4 weeks in the preceding year
2 Risk factor for secondary osteoporosis:
-  Untreated hypogonadism (bilateral orchidectomy or ovariectomy, anorexia nervosa, treatment of carcinoma 

of breast or prostate, hypopituitarism)
- Inflammatory bowel disease 
- Chronic malnutrition, malabsorption
- Other chronic inflammatory diseases 
- Organ transplant

- Type 1 diabetes
- Thyroid diseases: untreated thyreotoxicosis, or overtreated hypothyreoidism
- Use of anti-epileptic medication
- Hyperparathyreoidism
- Chronic Obstructive Pulmonary Disease
- M Cushing
- Use of glucocorticoids
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 This is an increasing problem, because the average age of the world’s population 
increases. From 2010 to 2040, the world’s population ≥65 years of age will double from 
about 506 million to 1.3 billion, accounting for 14% of the world’s total population[6]. In 
the Netherlands the population ≥65 years of age is expected to increase from 1 million 
to 1.5 million in 2020[7]. This will result in an increase of individuals with osteoporosis, 
due to the age related decline in bone mass. Because osteoporosis is a systemic bone 
disease, the risk of almost all types of fractures is increased[8]. In white populations, about 
50% of women and 20% of men older than 50 years will suffer from a fracture related to 
osteoporosis in their remaining lifetime[4]. Typical osteoporotic fractures are fractures of 
hip, vertebrae, humerus, ankle and wrist[9]. In white women, the 16% lifetime risk of hip 
fracture is greater than the 11% lifetime risk of developing breast cancer[10]. 

 Of all osteoporotic fractures, hip fractures and vertebral fractures have the biggest 
impact in patients. Hip fractures are the most devastating result of osteoporosis, 
requiring the patient to be admitted to hospital and causing excess mortality and serious 
disability[4]. Table 2 shows the sex specific relationship between hip fracture incidence 
and age. There is a steep rise  in fracture incidence above 50 years of age, which results in 
96% of all hip fractures occurring  in this older age group. Below 50 years of age, there is 
a slight preponderance of men over women and above 55 years a strong preponderance 
of women over men, which results in 71% of all hip fractures occurring in women[4].
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        Incidence
Age category men women
0   3 2
1-4  19 12
5-9  12 6
10-14  31 18
15-19  47 8
20-24  26 7
25-29  31 10
30-34  33 13
35-39  84 16
40-44  113 46
45-49  129 73
50-54  214 203
55-59  271 294
60-64  278 419
65-69  349 591
70-74  472 1042
75-79  693 1957
80-84  1064 2977
85+  1276 5102
Total all ages 5145 12796
Total 0-14  65 38
Total 15-64  1226 1089
Total 65+  3854 11669

Table 2. Age and sex specific incidence of hip fractures in the Netherlands per year (2007)[11].

 The in-hospital mortality rate for hip fracture patients is up to 11% and the 1 year-
mortality as high as 31%[12,13]. Mortality risk is highest in the first 3 months after a hip 
fracture and is greater in men than in women[14]. A recent meta-analysis identified 12 
factors that are associated with an increased risk of mortality following a hip fracture (table 
3)[15]. These prognostic risk factors could help to identify patients at different degrees of 
risk and therefore can be used to optimize treatment for these patients. Following hip 
fracture a considerable loss of quality of life is observed, especially in the first year. There 
is some improvement in the second year, but not to baseline values[16]. Within one year 
following a hip fracture  nearly one third of patients is discharged to a nursing home and 
only one third has regained their pre-fracture level of function(19). Five years  after a hip-
fracture one quarter of survivors are found bedridden and 45% were not able to walk 
outside[17].
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Advanced age
Male gender
Nursing home or facility residence
Poor preoperative walking capacity
Poor activities of daily living preoperatively
Higher American Anesthesiologists Society Score
Poor mental state
Multiple co morbidities
Dementia or cognitive impairment
Diabetes
Cancer
Cardiac disease

Table 3. Factors that are associated with an increased risk of mortality following a hip fracture[15]
 
   
 The other osteoporotic fracture with high impact is the vertebral fracture. Most 
vertebral fractures result from routine daily activities such as bending or lifting light 
objects, and only a quarter due to falls[4]. The lifetime risk of a vertebral fracture for a 50 
year old white women is 32%, which is higher than the lifetime risk of a hip fracture[18]. 
The incidence increases with age. Above 70 years of age 30% of women and 25% of males 
suffer from at least one vertebral fracture[19]. Despite the high prevalence of vertebral 
fractures only one third to one quarter are clinically recognized and few are admitted 
to hospitals[20-23]. Under diagnosis of vertebral fractures is a multicausal phenomenon 
(table 4)[18]. In patients presenting with a non-vertebral fracture the prevalence of 
vertebral fractures differs substantially depending on the site of the non-vertebral fracture 
(figure 1)[19,9]. The prevalence appeared to be significantly higher in hip fracture patients 
compared to patients with a non-hip fracture (p<0.009) (figure 1)[9]. An explanation for 
this high prevalence in hip-fracture patients might be the relationship between incidence 
and age[19]. Hip fracture patients are on average elderly patients and the incidence of 
vertebral fractures increases with age. 

Only 1/3 of patients have acute complaints[24]
Presentation is often not specific, resulting in different diagnosis[24]
Vertebral fractures are often overlooked in radiographs, false negative rates vary between 27% and 
50%[25,22]
Ambiguous terminology in radiology reports[26]
The diagnosis is overruled by another diagnoses (for example malignancy)[18]
Missing the clinical relevance of vertebral fractures by individual doctors[18]

Table 4: Reasons why vertebral fractures are under diagnosed[18].
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Figure 1. Presenting fracture and prevalence of vertebral deformity for each type of fracture[9]

 Excess mortality following both an asymptomatic and a symptomatic vertebral fracture 
has been reported[27-29]. After a symptomatic vertebral fracture 1-year mortality rates up 
to 42% are described[30]. Mortality risk is highest in the first year after the fracture, but 
an increased risk greater than that of the general population extends up to 22 years[30]. 
Recently, van der Jagt showed that  elderly patients  with vertebral fractures are at very 
high risk for developing new vertebral fractures (40%)[31]. The number of vertebral 
fractures raises the odds ratio of 3-year mortality up to 3.07 (95% CI: 1.61-5.84) in patients 
with three or more vertebral fractures[31]. After multivariate analysis the presence of three 
or more vertebral fractures was independently associated with mortality (P=0.002)[31]. 
Besides mortality, vertebral fractures are associated with a significant loss of quality of 
life[16,32]. Increasing kyphosis results in a decline in physical function, worsening mobility, 
falls and fractures[6]. Lumbar vertebral fractures had more impact on quality of life than 
thoracic vertebral fractures[16]. After diagnosing a vertebral fracture, the risk for a hip 
fracture is doubled and the risk for a new vertebral fracture even quadrupled[33,34]. 
Diagnosing (a)symptomatic vertebral fractures is thus beneficial for patients in terms of 
anti-fracture treatment and perhaps can reduce mortality. 

 Because the burden of osteoporotic fractures as outlined above, it is important to 
diagnose and treat osteoporosis in patients.

The golden standard in establishing osteoporosis
 A simple way of being informed about the BMD might be the interpretation of a 
radiograph. Although osteoporosis can be suspected when structural abnormalities such 
as thinned cortices, endosteal resorption and a reduction in trabecular numbers are 
seen on radiographs, identification of osteoporosis on radiographs is imprecise and the 
diagnosis is not evident until a substantial amount (30-40%) of bone mass has been lost 
(figure 2)[35]. 

vertebral deformity identified on MXA than were patients
who presented with a non-hip fracture (p=0.009).

Overall, 55.4% of patients with vertebral deformities had
deformities in the thoracic spine and 26.4% had lumbar spine
deformities, whilst 18.2% had deformities in both regions.
Of the patients with vertebral deformities identified by
MXA, 45% had deformities of more than one vertebra.
Multiple vertebral deformity prevalence varied considerably
according to the site of the presenting fracture (see Fig. 2).

Of the patients with vertebral deformities, 3 (3.6%) had
unreadable scans for grading. Of the 80 remaining patients,
58 (72.5%) had Grade 2 or Grade 3 deformities. Thirty-two
(55.2%) of the patients with vertebral deformity of Grade 2
and Grade 3 had multiple vertebral fractures. Of the sub-
group of patients with vertebral deformity of Grade 2 and 3,
56.9% had deformities in the thoracic spine, 22.4% in the

lumbar spine and 20.7% in both regions. There was no
significant difference between the vertebral deformity
population and the sub-population of patients with Grade
2 or 3 deformities, in terms of the proportion of patients
with multiple vertebral deformities or in the site of
deformity.

Table 1 shows the prevalence of vertebral deformity and
multiple vertebral deformities by lumbar spine T-scores.
Patients whose lumbar spine T-scores were consistent
within the osteoporosis range (T-score e2.5) were signifi-
cantly (p<0.05) more likely to have vertebral deformities
(42%) than patients whose T-scores were in the osteopenic
or normal ranges (20% and 16% respectively). They were
also significantly more likely to have multiple vertebral
deformities than those with a normal T-score (54% versus
14%, p<0.001).
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Figure 2. Imaging of osteoporosis[35,36]. 
a. Radiograph of the proximal phalanx of the second finger shows thinned bone cortex (arrowheads) 
b. normal number of trabeculae
c. reduction of trabeculae as can be seen in osteoporotic bone 

 The established modality worldwide for diagnosing osteoporosis is the measurement 
of BMD with Dual Energy X-ray Absorptiometry (DXA) of the hip and/or spine[37]. 
Absorptiometry for measuring BMD was first introduced in 1963[38]. In single-photon 
absorptiometry a 125I radionuclide photon source was used. Limitations were the decay of 
the radionuclide and therefore the need for replacement, and the slow scanning time. By 
replacing the radionuclide with a low-dose X-ray tube, photon absorptiometry developed 
into DXA. DXA was introduced in 1987 and uses X-ray beams of two peak energies (30-50 
keV and >70 keV). These energies are selected to optimise separation of the mineralised 
and soft tissue components of the sites scanned. DXA is a well standardized and easy to 
use technique that has a high precision (maximum acceptable precision error, 2%-2.5%) 
and low radiation dose (1-6µSv), equating to only a few hours of natural background 
radiation (2400 µSv per annum)[39,35]. DXA BMD correlates well with the biomechanically 
determined bone strength, explaining approximately 70% of bone strength.  The BMD 
measured by DXA is expressed as a T-score, which is the number of standard deviations 
above or below the mean BMD of young women[1]. For each decrease in BMD of 
1SD, the fracture risk is doubled. Patients with a T-score ≤-2.5SD are considered to be 
osteoporotic[1]. But, DXA has some disadvantages. It is a two-dimensional measurement, 
which only measures density area in grams per square centimeter and not the volumetric 
density in milligrams per cubic centimeters[39]. Therefore BMD is overestimated in large 
bones and underestimated in small bones (figure 3)[35].
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3. BASIC PATHOPHYSIOLOGY 
 
Bone mass in older adults equals the peak bone mass achieved by age 18-25 minus the amount of bone 
subsequently lost. Peak bone mass is determined largely by genetic factors, with contributions from 
nutrition, endocrine status, physical activity and health during growth.8 
 
The process of bone remodeling that maintains a healthy skeleton may be considered a preventive 
maintenance program, continually removing older bone and replacing it with new bone. Bone loss 
occurs when this balance is altered, resulting in greater bone removal than replacement. The imbalance 
occurs with menopause and advancing age. With the onset of menopause, the rate of bone remodeling 
increases, magnifying the impact of the remodeling imbalance. The loss of bone tissue leads to 
disordered skeletal architecture and an increase in fracture risk.  
 
Figure 1 shows the changes within cancellous bone as a consequence of bone loss. Individual trabecular 
plates of bone are lost, leaving an architecturally weakened structure with significantly reduced mass. 
Increasing evidence suggests that rapid bone remodeling (as measured by biochemical markers of bone 
resorption or formation) increases bone fragility and fracture risk. 
  
FIGURE 1. Micrographs of Normal vs. Osteoporotic Bone9

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Bone loss leads to an increased risk of fracture that is magnified by other aging-associated declines in 
functioning. Figure 2 shows the factors associated with an increased risk of osteoporosis-related 
fractures. These include general factors that relate to aging and sex steroid deficiency, as well as specific 
risk factors, such as use of glucocorticoids, which cause decreased bone formation and bone loss, 
reduced bone quality and disruption of microarchitectural integrity. Fractures result when weakened 
bone is overloaded, often by falls or certain activities of daily living. 
 
 

 

 

From: Dempster, DW et al., with permission of The American Society for Bone and 
Mineral Research.9 
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its clinical role in the diagnosis of osteo porosis, and 
because access to this tool is limited as analyses have to 
be perform ed online by the manufacturer.

Dual-energy X-ray absorptiometry
Photon absorptiometric methods for measuring BMD 
were first introduced in 1963.35 In singlephoton absorp
tiometry a 125I radionuclide photon source was used 
to measure BMD in the forearm, and a dualenergy 
emitting 153Gd radionuclide was used for scanning the 
whole body.35,36 These techniques had limitations. The 
radionuclide decayed and had to be replaced, and scan
ning was slow (15 min for the forearm, 30–45 min for 
the whole body). During the 1980s, DXA was developed 
and the radionuclide in the scanners was replaced with a 
lowdose Xray tube.37,38

DXA is now the most widely used technique for bone 
densitometry in research studies and in clinical diagno
sis.39,40 The measures provided by DXA are bone mineral 
content (BMC; in g), bone area (in cm2) and areal BMD 
(in g/cm2). Areal BMD accounts for approximately 
60–70% of bone strength and is used as a surrogate 
measure of bone strength in fracture risk prediction 
when using DXA. Important points to note when using 
DXA are that the measurement of areal BMD at the 
region of interest is optimal for prediction of fractures 
in that site.41,42

Early DXA scanners used a pencil beam of Xrays 
and a single detector, which moved in a raster form 
(parallel lines) across the anatomical region of inter
est. Subsequent technical developments in these scan
ners have included the implementation of a fan beam 

of Xrays and a bank of detectors. These advances 
have resulted in shorter scan times (1–2 min per site) 
and improved spatial resolution (from 1.00 mm to 
0.35–0.50 mm) resulting in better image quality.40 DXA 
is used to assess areal BMD in the lumbar spine (L1–
L4; Figure 4a) and proximal femur (femoral neck and 
total hip; Figure 4b,c). The BMD for the trochanter and 
Ward’s area (the intersection of the principal compres
sive, secon dary compressive and tensile trabeculae) can 
also be obtained using DXA, but precision is limited and 
these sites are not used in clinical diagnosis. The distal 
third of the radius, which is predominantly (95%) cor
tical bone, can also be imaged on a wholebody DXA 
scanner. In patients with primary or secondary hyper
parathyroidism, which tends to reduce predominantly 
cortical bone, scanning of this area is relevant.41,42

Strengths of DXA
A major strength of DXA is that patients receive 
extremely low doses of radiation (1–6 μSv), equat
ing to only a few hours of natural background radia
tion (2,400 μSv per annum).43 In addition, the method 
is easily applied to anatomical sites that are relevant to 
osteoporotic fractures, scanning is rapid and scanners 
are generally widely available in most countries. With 
welltrained, experienced technical staff, reproducibility 
using this method is good (CVs for lumbar spine 1%; 
femoral neck 2%; total hip 1%; distal third of the radius 
1%).42 However, an interval of ≥2 years between DXA 
procedures is required to detect statistically significant 
changes in areal BMD. A 2.8fold greater change than CV 
constitutes the smallest change that would be considered 
statistically significant (least significant change).44,45

Controversy exists as to whether DXA should be 
used to assess the efficacy of therapeutic interventions, 
such as bisphosphonates, by monitoring change in areal 
BMD. In patients treated with bisphosphonates for osteo
porosis, serum levels of bone turnover markers, which 
reflect bone formation (procollagen type 1 propeptides) 
and bone degradation (pyridinium cross links), change 
significantly within 3–4 months of initiation of therapy, 
whereas a significant change in areal BMD measured 
by DXA might take 18–24 months to achieve.46,47 The 
European Spine Phantom or other appropriate phantoms 
simulate the vertebral shape and BMD of the spine using 
a variety of known concentrations of calcium hydroxya
patite and can be used to crosscalibrate between scan
ners (both DXA and QCT) to pool data collected on 
different scanners in multicentre studies.48 This ability 
to crosscalibrate and pool data gathered in large epi
demiological studies or drug trials is a strength of DXA 
that is not available when using other techniques, such 
as quantitative ultrasonography.

Limitations of DXA
One limitation of DXA is that areal BMD measures are 
sizedependent and, therefore, tend to overestimate areal 
BMD in large bones and underestimate this value in small 
bones (Figure 5). This limitation can be a particular 
problem when DXA is used in growing children.42,49–53 In 
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Figure 2 | Radiographic and other bone imaging techniques can provide clues or 
evidence of osteoporosis, and such evidence should be clearly reported and 
further investigation, such as use of DXA, suggested. a | Radiograph of the 
proximal phalanx of the second finger shows thinned bone cortex (arrowheads), 
osteopenia and reduced number of trabeculae. b | Mid-sagittal view of the lumbar 
spine constructed from abdominal multidetector CT images shows prominent 
vertical trabeculae with a vertical striated appearance owing to preferential loss of 
horizontal trabeculae. A severe grade 3 fracture of the fourth lumbar vertebra is 
also evident (arrow). Such routine reformatted CT images in patients undergoing 
multidetector CT of thorax or abdomen for other, varied clinical indications will 
identify asymptomatic vertebral fractures not evident on transverse axial CT 
images. Fortuitous identification of vertebral fractures, which are powerful 
predictors of future spinal and hip fractures, can be made on the basis of other 
images acquired for clinical indications, such as c | a lateral chest radiograph 
which shows a grade 2 moderate fracture of a lower thoracic vertebral body 
(arrow). Abbreviation: DXA, dual-energy x-ray absorptiometry.
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Figure 3. DXA is size dependent. As DXA generates a 2D image of a 3D structure, the depth of the bone 
cannot be taken into account. This representative figure shows two cubes of material that have the same 
volumetric BMD. However, cube A has a smaller volume; therefore, the projected area means that the areal 
BMD measured using DXA would be lower than that in cube B. As a result, areal BMD measured by DXA would 
be underestimated in small bones and overestimated in large bones[35]. 

 Spine and hip DXA are also influenced by degenerative changes, and individuals with 
substantial degenerative disease will have an increased areal density, which will suggest a 
lower fracture risk than is actually present[39]. In addition, DXA has limitations in measuring 
BMD in patients with a body mass index >25 kg/m2; in obese patients, superimposed soft 
tissue will elevate measured BMD owing to attenuation of the x-ray beams[40]. 

 Although DXA is the golden standard in diagnosing osteoporosis there are other 
imaging techniques to quantify bone architecture, of which the following technologies are 
capable of predicting both site specific and overall fracture risk: Quantitative computed 
tomography (qCT), quantitative ultrasound densitometry (qUS), and peripheral dual 
energy x-ray absorptiometry[41]. 

 QCT measures BMD in milligram per cubic centimeter. The attenuation values (expressed 
in Hounsfield units; HU) corresponding to the bone tissue are converted into bone mineral 
equivalents by calibration with a hydroxyapetite calibration phantom and dedicated 
analysis software[42]. QCT was developed in the late 1970’s but was superseded by the 
introduction of DXA. Advantages of qCT over DXA are that qCT allows true volumetric 
measurements, which makes it independent on the size of the measured bone,  and that 
qCT enables separate measurements of cortical and trabecular BMD. Trabecular bone is 
metabolically more active, making it more sensitive to change. Disadvantages of qCT are a 
higher radiation dose (0,06-2.9 mSv), lack of commercially available software programs for 
analysis of hip qCT, and the limited access to whole body CT scanners.  Moreover, T-score 
thresholds defined by the WHO  for diagnosis osteoporosis do not apply to qCT results. 
This, together with the limited number of longitudinal scientific studies assessing how qCT 
predict fractures, limits the use in daily clinical practice[39,35]. 
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 qUS is a low cost technique to measure BMD. It measures the propagation of ultrasound 
waves through the bone. However, qUS devices are technologically diverse, measure 
and report variable bone parameters in different ways, examine different skeletal sites, 
and have different levels of validating data for association with DXA-measured BMD and 
fracture risk[43]. This created many problems in applying qUS for use in clinical practice[43]. 
Moreover, qUS cannot be used to diagnose osteoporosis in terms of the WHO definition or 
to monitor the effectiveness of therapy[35].

 Peripheral DXA devices might play an interesting role in measuring BMD. In this 
thesis we describe the use of the DXL-Calscan, which is a peripheral dual energy x-ray 
Absorptiometry device. The DXL-Calscan (Demetech, Solna, Sweden) measures the BMD 
at the calcaneus, which consists for 90% of trabecular bone, making it ideal for measuring 
osteoporotic changes[44]. Previous studies already showed similar predictive abilities for 
osteoporotic fractures of calcaneal BMD measurement, as compared to BMD measurement 
of hip or spine[45-47]. The Calscan adds a laser beam to conventional DXA technology 
which makes it possible to measure bone mineral content without the influence of adipose 
tissue both inside and outside the measured bone[48]. The absorption of X-rays in adipose 
tissue, bone mineral and lean soft tissue is different, which gives rise to accuracy errors 
up to 20% in measurements of BMD with DXA[49,48]. As the volume of marrow adipose 
tissue increases with age especially in patients with osteoporosis the Calscan might even 
measure BMD more accurately than DXA[50]. By comparing the Calscan T-score to DXA 
T-scores it is possible to calculate thresholds for the Calscan T-score to diagnose or exclude 
osteoporosis in terms of the WHO definition, using these Calscan T-scores.

Case finding osteoporosis
 The specificity for diagnosing osteoporosis with DXA is high, but the sensitivity is 
only about 50%, which implies that BMD measurement can only be advocated in those 
patients with a high fracture risk (case-finding)[12]. A general screening program for 
osteoporosis (primary prevention) can therefore not be recommended but selective 
screening for people at high risk might be worthwhile (secondary prevention)[5,46,51]. An 
important high risk group for osteoporosis are fracture patients above 50 years[5]. In 2011, 
the third revision of the Dutch guideline on osteoporosis and fracture prevention was 
published[5]. This guideline clearly describes the diagnostic pathway for patients at high 
risk for osteoporosis (figure 4). Because vertebral fractures increase fracture risk strongly 
and appear to do this independently from BMD, vertebral fractures are considered a 
reason for initiating anti-osteoporotic treatment without BMD measurement (figure 4)
[52,24,5]. 
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Figure 4. Flowchart diagnosis, treatment and follow-up in fracture patients older than 50 years[5]. 

 Timing of screening for osteoporosis is an important issue to discuss. Osteoporosis 
screening has a low priority in most hospitals as well as for the general practitioner. The 
screening is delayed until fracture patients are more mobile, and often discouraged by 
family or doctors in elderly patients with a lot of co-morbidity. However one should 
realize that most subsequent fractures occur in the first year after the initial fracture  and 
fractures are associated with significant mortality, morbidity and costs[53,54]. Recently, 
van de Glind calculated the time to benefit (TTB) of alendronate for the prevention of 
subsequent fractures from the original data of the Fracture Intervention Trial (FIT trial). The 
TTB appeared to be 11 months[55]. The FIT trial was performed in postmenopausal women 
(55-80 years of age). It has been suggested that the TTB in an elderly population (over 80 
years) might be considerably shorter because of a higher risk of falling and fractures in 
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this older patient group[55,31]. These arguments lead to the conclusion that screening 
for osteoporosis should be done as early as possible to prevent subsequent fractures, 
especially in the elderly population. 

The Fracture Liaison Service: a historic perspective
 In the late 20th century osteoporosis assessment and treatment rates were low. 
Anti-osteoporotic treatment was prescribed in only 5-28% of patients after a distal 
radial fracture, in 4% after a hip-fracture, and in 39% after a vertebral fracture [56,57].  
Even repeated presentations with a fracture did not guarantee patients to be treated 
for osteoporosis, as only 33% of women presenting with their second fracture received 
anti-osteoporotic medication[58]. To increase assessment rates, a program of open- or 
direct-access DXA services to which primary care clinicians could refer fracture cases 
was set up in Glasgow[59].  Nonetheless, only 2.7% of distal radial fractures and 11.6% 
of hip fracture cases were referred for assessment by DXA[58]. Because of this limited 
success the program further evolved. Having confirmed that osteoporosis assessment 
was rarely offered, it was agreed with primary care clinician and orthopedic surgeons 
that not the primary care clinician nor the patient should be responsible for initiating the 
assessment for osteoporosis but the trauma – or orthopedic surgeon should take care of 
this. Initiating case-finding osteoporosis became part of the fracture management, which 
was offered by the trauma – and/or orthopedic surgeon. This resulted in what nowadays 
is called the Fracture Liaison Service (FLS). An FLS is a coordinated care system headed 
by an FLS coordinator (a nurse practitioner, physician assistant, nurse or other health 
professional) who ensures that individuals who suffer a fracture receive appropriate 
diagnosis, treatment and support[60]. The FLS includes the following 5 basic elements: 
case-finding, risk assessment, medical history + clinical examination + laboratory tests, 
treatment decision, and follow up (figure 5)[61-63]. 

 

Figure 5. Five basic elements of an FLS

 The first FLS began operating in West Glasgow in 1999 and in South Glasgow in 2000, 
and was very successful as 67.4% of the West Glasgow patients and 73.4% of South 
Glasgow patients were considered for bone mineral testing[59]. The initial situation in 
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the Netherlands was not different from that in Scotland. Hegeman showed that at the 
University Medical Center of Groningen (UMCG) in 2001 only 14% of fracture patients 
were screened for osteoporosis and bisphosphonates were only prescribed in 1% of these 
patients[64]. Van Helden described that in the province of Limburg, in 2005, in hospitals 
without an FLS only 6% of elderly fracture patients were screened for osteoporosis[65]. 
This was the reason that in 2003 the first Dutch FLS was set up at the UMCG by the 
department of Traumasurgery in collaboration with the departments of Internal medicine 
and Geriatric medicine[66]. Patients over 50 years who were admitted to the emergency 
department with fractures resulting from low-energy traumas were, after initial treatment 
of the fracture, offered further diagnosis and treatment at this FLS (figure 6). 

 
Figure 6. Flowchart for patients over 50 years of age presenting at the emergency department with a low-
energy fracture[66]. 
1. Emergency Department

 The work at the FLS was carried out by a specially trained nurse, under supervision of 
the traumasurgeon and the internist. If secondary osteoporosis was suspected, the internist 
carried out further examination. For primary osteoporosis general recommendations 
were given. In patients with a low BMD and insufficient Calcium and/or vitamin D intake, 
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this was supplemented. In the case of primary osteoporosis bisphosphonates were also 
added. Patients were monitored for one year. The results of this FLS were good as 74% 
of all patients were screened for osteoporosis[66]. Of these patients, 58% suffered from 
osteoporosis, 29% had an osteopenic BMD and 13% a normal BMD[66]. It also became 
clear that osteoporosis was not only a disease of elderly patients as 31 (45%) patients 
in between 50 and 60 years  suffered from osteoporosis[66]. This percentage was much 
higher than the 5% prevalence of osteoporosis in men and the 16% in women in the 
age category 55-65 years described in the Rotterdam study, which was a  prospective, 
population-based cohort study[67]. This emphasizes the importance of case finding 
osteoporosis also in relatively young fracture patients. 

 Van Helden and Huntjens further improved osteoporosis care in the Netherlands. They 
emphasized the importance of the combination of bone-related risks other than low 
BMD, and fall-related risks, all contributing to fracture risk (table 5)[68]. 

Bone related risk factors other than low BMD Fall related risks
a previous fracture after the age of 50 more than one fall in the past year
a vertebral fracture after the age of 50 the use of psychoactive drugs
a mother with a fracture history a low level of activities of daily living before 
   the current fracture
a body weight of <60kg articular symptoms
severe immobility impaired vision
the use of glucocorticoids urine incontinence
   Parkinson disease

Table 5. Bone- and fall related risk factors related to fracture risk[68]

 In the study by van Helden osteoporosis was only present in 35% of all fracture 
patients older than 50 years screened at the FLS, while bone related risk factors other 
than a low BMD where present in 51-53% and fall-related risk factors even in 60-75% of 
these patients (figure 7)[68,69]. 
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Figure 7. Distribution of bone-related risk factors, fall-related risk factors, and osteoporosis in the fracture 
population[68].

 Huntjes showed in  an univariable analysis that the risk of a subsequent fracture was 
significantly higher in patients with the combination of fall- and bone related risk factors 
(HR 1.99 (95% CI: 1.18-3.36), a conclusion which was no longer valid after adjusting for age, 
sex and baseline fracture location[69]. In contrast, other studies showed that in patients 
with fall-related risk factors, the relative risk for hip fractures and proximal humeral 
fractures was significantly higher[70-72]. The realization that fall related risk factors are 
important in calculating fracture risk resulted in the development of the GARVAN fracture 
risk calculator in Australia (http://www.garvan.org.au/bone-fracture-risk). The GARVAN 
fracture risk calculator incorporates non-invasive risk factors (fall related risk factors, age, 
sex and in case the BMD is unknown weight) to predict 5-year and 10-year absolute 
fracture risks[72]. The disadvantage of the GARVAN risk calculator is that it is only suitable 
to patients over 60 years and does not include other bone-related risk factors than BMD. 
Another Fracture Risk calculator which includes bone-related risk factors together with 
age and if known BMD is FRAX®. This is a computer based algorithm (http://www.shef.
ac.uk/FRAX) that calculates the 10-year probability of a hip-fracture or major osteoporotic 
fracture (proximal humerus fracture, spine fracture, and distal forearm fractures) (figure 
8)[73]. When the 10-year probability of a hip fracture is ≥3% or the 10 year probability of 
a major osteoporotic fracture is ≥20% a patient can be considered osteoporotic[74,75]. 
Limitations of FRAX® are that fall related risk factors are not included at all. 

 

(31% compared with 11%; p < 0.0001). Multivariate logistic
regression analyses showed that, when adjusted for age, weight,
and height, the above-mentioned differences were indepen-
dent of the presence of osteoporosis (odds ratio = 2.9; 95%
confidence interval = 2.0 to 4.1) and the history of falls (odds
ratio = 4.0; 95% confidence interval = 2.7 to 5.9). Interaction
was only significant for age and the presence of osteoporosis
(p = 0.02).

Using the Dutch osteoporosis guideline12, we determined
that 83% of the women with a clinical fracture would not have
been identified as being at risk for a fracture before they had
the recent fracture.

Discussion

In a cohort of patients over fifty years of age who had been
admitted to the emergency clinic of our hospital because of

a recent clinical fracture, a heterogeneous mixture of bone and
fall-related risks for fractures was found in both sexes, in as-
sociation with all fracture locations, and irrespective of the
patient’s age, even when the analyses were limited to patients
who had sustained the fracture in a simple fall. Osteoporosis
(a bone mineral density T-score of £–2.5) was present in one-
third of the patients, while half of the patients had at least one
bone-related risk factor and three-quarters of the patients had
at least one fall-related risk factor before the current fracture.
The majority (71%) of this study population were women, and
therefore the conclusions are predominantly based on results
found in women.

These results highlight two important issues. First, most
guidelines focus on identifying osteoporosis, as opposed to risk
factors for fractures, and therefore they fail to prospectively
identify most individuals at risk for fractures. Only a limited
number of the patients in our study could have been identified,
before their current clinical fracture, with use of the Dutch
guideline. This indicates the need for additional approaches to
identifying patients at risk for clinical, and usually nonverte-
bral, fractures. Such an initiative is under way with the World
Health Organization (WHO) initiative to calculate the abso-
lute fracture risk on the basis of bone mineral density and a
group of clinical bone-related risk factors that is larger than
that included in the Dutch guideline; the WHO list of bone-
related risk factors includes use of multiple medications, cig-
arette smoking, excessive alcohol intake, rheumatoid arthritis,
and self-rated poor health status29. WHO acknowledges that it
chose to include only bone-related risks in this initiative. It
identified the importance of fall-related risks but excluded
them. In view of our results, the algorithms proposed byWHO
could therefore underestimate fracture risk in patients with
a higher risk of falls. To what extent such algorithms could
overestimate the fracture risk in patients who have a lower risk
of falls is also unclear and needs to be addressed in large-scale
prospective population studies integrating both bone-related
and fall-related risks. Indeed, Nguyen et al. reported that both
bone and fall-related risk factors were predictive of hip frac-
tures, the most important clinical fractures, over a period of
fourteen years30. A recent review on osteoporosis by Sambrook
and Cooper supported the view that case finding and thera-
peutic strategies will shift from an approach based primarily on
bone mineral density measurements to an approach in which
both fall and bone-related fracture risk factors are used to
predict the absolute fracture risk31. Our data support this view
and indicate that this approach may be particularly valuable in
the context of patients entering the hospital for the treatment
of a fracture.

Fig. 2

Distribution of bone-related risk factors, fall-related risk factors, and

osteoporosis in the fracture population (n = 568). (The last fracture of

each patient is excluded.)

Fig. 3

Risk factors according to the fracture location (n = 568).
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identifying patients at risk for clinical, and usually nonverte-
bral, fractures. Such an initiative is under way with the World
Health Organization (WHO) initiative to calculate the abso-
lute fracture risk on the basis of bone mineral density and a
group of clinical bone-related risk factors that is larger than
that included in the Dutch guideline; the WHO list of bone-
related risk factors includes use of multiple medications, cig-
arette smoking, excessive alcohol intake, rheumatoid arthritis,
and self-rated poor health status29. WHO acknowledges that it
chose to include only bone-related risks in this initiative. It
identified the importance of fall-related risks but excluded
them. In view of our results, the algorithms proposed byWHO
could therefore underestimate fracture risk in patients with
a higher risk of falls. To what extent such algorithms could
overestimate the fracture risk in patients who have a lower risk
of falls is also unclear and needs to be addressed in large-scale
prospective population studies integrating both bone-related
and fall-related risks. Indeed, Nguyen et al. reported that both
bone and fall-related risk factors were predictive of hip frac-
tures, the most important clinical fractures, over a period of
fourteen years30. A recent review on osteoporosis by Sambrook
and Cooper supported the view that case finding and thera-
peutic strategies will shift from an approach based primarily on
bone mineral density measurements to an approach in which
both fall and bone-related fracture risk factors are used to
predict the absolute fracture risk31. Our data support this view
and indicate that this approach may be particularly valuable in
the context of patients entering the hospital for the treatment
of a fracture.

Fig. 2

Distribution of bone-related risk factors, fall-related risk factors, and

osteoporosis in the fracture population (n = 568). (The last fracture of

each patient is excluded.)

Fig. 3

Risk factors according to the fracture location (n = 568).
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Figure 8. FRAX algorithm, screenshot from http://www.shef.ac.uk/FRAX.

 A fracture liaison service  has been a proved instrument to improve the percentage of 
patients being screened for osteoporosis substantially (from 5 to 51%), results in a high 
persistence to anti-osteoporotic drug treatment (up to 88% after 1-year treatment), and 
decreased the rate of subsequent fractures (2% after 1 year, instead of previously described 
6.5%)[76,53]. Nonetheless, besides all improvement being made in the screening for 
osteoporosis, today, still almost half the patients do not respond to the invitation to attend 
the FLS[76]. The most important reasons of non-responding are: not-interested (37%), 
already screened/under treatment for osteoporosis (15.7%), physically unable to attend 
the clinic (11.5%), and death (5.2%)[76]. A frequently mentioned reason for not attending 
the FLS is the patients’ opinion that they were too old to visit the outpatient clinic and 
that treatment would not be useful anymore[76]. It also appears that the mean age of non 
responders is significantly higher than the mean age of responding patients[76]. Thus the 
elderly fracture population is not attending the FLS, while this group of patients greatly 
benefit from fracture prevention. Therefore, it remains challenging to further improve the 
percentage of patients being screened for osteoporosis, and thus decrease fracture risk.
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Content of this thesis 
 The studies of this thesis were performed at the department of Surgery of the 
Ziekenhuisgroep Twente, location Almelo, the Netherlands. The rationale behind the 
thesis is described in Chapter 1. Many patients suffer from osteoporosis although most 
of them are unaware of this. The ultimate consequence of osteoporosis is a  fracture. 
It is well known that these fractures result in an increased morbidity, mortality, and 
medical costs. However, in the beginning of the 21th century the number of patients 
being screened for osteoporosis after they suffered from a fracture was  still low. This 
resulted in the organization of the screening for osteoporosis by means of an FLS and with 
a specialized nurse as the case manager. Although, this resulted in an improvement of the 
percentage of patients being screened for osteoporosis, as well as a better compliance to 
osteoporotic treatment, still half of all patients does not attend the FLS. These patients 
are withheld adequate treatment, putting them at increased risk of a subsequent fracture, 
and increasing morbidity and mortality, which is not acceptable. The aim of this thesis 
was to improve the number of patients being screened for osteoporosis and analyze 
different aspects of our FLS protocol. If there are valid other ways of screening for 
osteoporosis instead of DXA, the total number of patients being screened for osteoporosis 
might increase. In Chapter 2 we describe the incidence of vertebral fractures in patients 
screened for osteoporosis. Vertebral fractures are known to be a reason, independent 
on BMD, to initiate anti-osteoporotic treatment. Therefore BMD measurement is not 
perse necessary in those patients who suffer from a vertebral fracture. In Chapter 3 the 
relationship between AO-classification of distal radial fractures and bone mineral density 
is described. The hypothesis was that a comminuted intra-articular fracture would 
suggest osteoporosis. In Chapter 4 and 5 the use of the Calscan in measuring BMD is 
described. The Calscan is a peripheral dual energy X-ray Absorptiometry device, which 
measures BMD at the calcaneus. The big advantage of the Calscan is that it  is easy to use 
and results are immediately available. However, Calscan T-scores cannot be used with 
WHO definition of osteoporosis. Therefore we compared Calscan T-scores with T-scores 
measured with DXA to calculate thresholds on the Calscan T-score in a way that 90% of 
osteoporotic patients and 90% of non-osteoporotic patients could be classified correctly 
by the Calscan. In Chapter 6 we described in a prospective study the use of the thresholds 
calculated for the Calscan T-score in a group of elderly patients admitted to the hospital 
because of a fracture. Chapter 7 focused on the value of the panel of laboratory tests used 
in the screening for secondary osteoporosis at our FLS. Finally, Chapter 8 encompasses 
the general discussion with conclusions and future perspectives.



24 Chapter 1

Content of this thesis 
 The studies of this thesis were performed at the department of Surgery of the 
Ziekenhuisgroep Twente, location Almelo, the Netherlands. The rationale behind the 
thesis is described in Chapter 1. Many patients suffer from osteoporosis although most 
of them are unaware of this. The ultimate consequence of osteoporosis is a  fracture. 
It is well known that these fractures result in an increased morbidity, mortality, and 
medical costs. However, in the beginning of the 21th century the number of patients 
being screened for osteoporosis after they suffered from a fracture was  still low. This 
resulted in the organization of the screening for osteoporosis by means of an FLS and with 
a specialized nurse as the case manager. Although, this resulted in an improvement of the 
percentage of patients being screened for osteoporosis, as well as a better compliance to 
osteoporotic treatment, still half of all patients does not attend the FLS. These patients 
are withheld adequate treatment, putting them at increased risk of a subsequent fracture, 
and increasing morbidity and mortality, which is not acceptable. The aim of this thesis 
was to improve the number of patients being screened for osteoporosis and analyze 
different aspects of our FLS protocol. If there are valid other ways of screening for 
osteoporosis instead of DXA, the total number of patients being screened for osteoporosis 
might increase. In Chapter 2 we describe the incidence of vertebral fractures in patients 
screened for osteoporosis. Vertebral fractures are known to be a reason, independent 
on BMD, to initiate anti-osteoporotic treatment. Therefore BMD measurement is not 
perse necessary in those patients who suffer from a vertebral fracture. In Chapter 3 the 
relationship between AO-classification of distal radial fractures and bone mineral density 
is described. The hypothesis was that a comminuted intra-articular fracture would 
suggest osteoporosis. In Chapter 4 and 5 the use of the Calscan in measuring BMD is 
described. The Calscan is a peripheral dual energy X-ray Absorptiometry device, which 
measures BMD at the calcaneus. The big advantage of the Calscan is that it  is easy to use 
and results are immediately available. However, Calscan T-scores cannot be used with 
WHO definition of osteoporosis. Therefore we compared Calscan T-scores with T-scores 
measured with DXA to calculate thresholds on the Calscan T-score in a way that 90% of 
osteoporotic patients and 90% of non-osteoporotic patients could be classified correctly 
by the Calscan. In Chapter 6 we described in a prospective study the use of the thresholds 
calculated for the Calscan T-score in a group of elderly patients admitted to the hospital 
because of a fracture. Chapter 7 focused on the value of the panel of laboratory tests used 
in the screening for secondary osteoporosis at our FLS. Finally, Chapter 8 encompasses 
the general discussion with conclusions and future perspectives.

25Introduction

References: 
1.  Assessment of fracture risk and its application to screening for postmenopausal 

osteoporosis (1994). Report of a WHO Study Group, p1-129. World Health Organization 
technical report series 843

2.   Bonjour JP, Chevalley T, Ammann P, Slosman D, Rizzoli R (2001). Gain in bone mineral 
mass in prepubertal girls 3.5 years after discontinuation of calcium supplementation: 
a follow-up study. Lancet 358 (9289):1208-1212. doi:10.1016/S0140-6736(01)06342-5

3.   Naganathan V, Macgregor A, Snieder H, Nguyen T, Spector T, Sambrook P (2002). 
Gender differences in the genetic factors responsible for variation in bone density 
and ultrasound. Journal of bone and mineral research 17 (4):725-733. doi:10.1359/
jbmr.2002.17.4.725

4.   Sambrook P, Cooper C (2006). Osteoporosis. Lancet 367 (9527):2010-2018. doi:10.1016/
S0140-6736(06)68891-0

5.   Institute for Quality in Public Healthcare CBO (2011). Osteoporosis and Fracture 
Prevention, Third revised guideline. The Netherlands, Utrecht

6.   Cauley JA (2013). Public health impact of osteoporosis. The journals of gerontology 
Series A 68 (10):1243-1251. doi:10.1093/gerona/glt093

7.   van Oostrom SH, Picavet HS, van Gelder BM, Lemmens LC, Hoeymans N, Verheij RA, 
Schellevis FG, Baan CA (2011). Multimorbidity and comorbidity in the Dutch population-
-data from general practices. Nederlands tijdschrift voor geneeskunde 155:A3193

8.   Kanis JA, Johnell O, De Laet C, Johansson H, Oden A, Delmas P, Eisman J, Fujiwara S, 
Garnero P, Kroger H, McCloskey EV, Mellstrom D, Melton LJ, Pols H, Reeve J, Silman A, 
Tenenhouse A (2004). A meta-analysis of previous fracture and subsequent fracture 
risk. Bone 35 (2):375-382. doi:10.1016/j.bone.2004.03.024

9.   Gallacher SJ, Gallagher AP, McQuillian C, Mitchell PJ, Dixon T (2007). The prevalence 
of vertebral fracture amongst patients presenting with non-vertebral fractures. 
Osteoporosis international 18 (2):185-192. doi:10.1007/s00198-006-0211-1

10.  van Staa TP, Dennison EM, Leufkens HG, Cooper C (2001). Epidemiology of fractures in 
England and Wales. Bone 29 (6):517-522

11.   Post N (red.) V, E. (red.). Heupfractuur: incidentie naar leeftijd en geslacht. In: 
Volksgezondheid Toekomst Verkenning, Nationaal Kompas Volksgezondheid. Bilthoven: 
RIVM, <http://www.nationaalkompas.nl> Nationaal Kompas Volksgezondheid\
Gezondheidstoestand\Ziekten en aandoeningen\Bewegingsstelsel en bindweefsel\
Heupfractuur, 17 mei 2010

12.   Institute for Quality in Public Healthcare CBO (2002). Osteoporosis, Second revised 
guideline. The Netherlands, Utrecht

13.   Forsen L, Sogaard AJ, Meyer HE, Edna T, Kopjar B (1999). Survival after hip fracture: 
short- and long-term excess mortality according to age and gender. Osteoporosis 
international 10 (1):73-78

14.  Abrahamsen B, van Staa T, Ariely R, Olson M, Cooper C (2009). Excess mortality 
following hip fracture: a systematic epidemiological review. Osteoporosis international 
20 (10):1633-1650. doi:10.1007/s00198-009-0920-3

15.   Hu F, Jiang C, Shen J, Tang P, Wang Y (2012). Preoperative predictors for mortality 
following hip fracture surgery: a systematic review and meta-analysis. Injury 43 
(6):676-685. doi:10.1016/j.injury.2011.05.017



26 Chapter 1

16.   Lips P, van Schoor NM (2005). Quality of life in patients with osteoporosis. Osteoporosis 
international 16 (5):447-455. doi:10.1007/s00198-004-1762-7

17.   Gosch M, Druml T, Nicholas JA, Hoffmann-Weltin Y, Roth T, Zegg M, Blauth M, 
Kammerlander C (2014.) Fragility non-hip fracture patients are at risk. Archives of 
orthopaedic and trauma surgery. doi:10.1007/s00402-014-2115-4

18.   van der Jagt-Willems HC, van Hengel M, Vis M, van Munster BC, van Campen JP, Tulner 
LR, Lems WF (2012). Why do geriatric outpatients have so many moderate and severe 
vertebral fractures? Exploring prevalence and risk factors. Age and ageing 41 (2):200-
206. doi:10.1093/ageing/afr174

19.   Howat I, Carty D, Harrison J, Fraser M, McLellan AR (2007). Vertebral fracture assessment 
in patients presenting with incident nonvertebral fractures. Clinical endocrinology 67 
(6):923-930. doi:10.1111/j.1365-2265.2007.02988.x

20.   Cooper C, Atkinson EJ, O’Fallon WM, Melton LJ, 3rd (1992). Incidence of clinically 
diagnosed vertebral fractures: a population-based study in Rochester, Minnesota, 1985-
1989. Journal of bone and mineral research 7 (2):221-227. doi:10.1002/jbmr.5650070214

21.  Fink HA, Milavetz DL, Palermo L, Nevitt MC, Cauley JA, Genant HK, Black DM, Ensrud 
KE (2005). What proportion of incident radiographic vertebral deformities is clinically 
diagnosed and vice versa? Journal of bone and mineral research 20 (7):1216-1222. 
doi:10.1359/JBMR.050314

22.   Gehlbach SH, Bigelow C, Heimisdottir M, May S, Walker M, Kirkwood JR (2000). 
Recognition of vertebral fracture in a clinical setting. Osteoporosis international 11 
(7):577-582. doi:10.1007/s001980070078

23.   Harvey N, Dennison E, Cooper C (2010). Osteoporosis: impact on health and economics. 
Nature reviews Rheumatology 6 (2):99-105. doi:10.1038/nrrheum.2009.260

24.   Ross PD (1997). Clinical consequences of vertebral fractures. The American journal of 
medicine 103 (2A):30S-42S; discussion 42S-43S

25.   Bartalena T, Rinaldi MF, Modolon C, Braccaioli L, Sverzellati N, Rossi G, Rimondi E, 
Busacca M, Albisinni U, Resnick D (2010). Incidental vertebral compression fractures 
in imaging studies: Lessons not learned by radiologists. World journal of radiology 2 
(10):399-404. doi:10.4329/wjr.v2.i10.399

26.   Delmas PD, van de Langerijt L, Watts NB, Eastell R, Genant H, Grauer A, Cahall DL 
(2005). Underdiagnosis of vertebral fractures is a worldwide problem: the IMPACT 
study. Journal of bone and mineral research 20 (4):557-563. doi:10.1359/JBMR.041214

27.   Kado DM, Duong T, Stone KL, Ensrud KE, Nevitt MC, Greendale GA, Cummings SR 
(2003). Incident vertebral fractures and mortality in older women: a prospective 
study. Osteoporosis international 14 (7):589-594. doi:10.1007/s00198-003-1412-5

28.   Bliuc D, Nguyen ND, Milch VE, Nguyen TV, Eisman JA, Center JR (2009). Mortality risk 
associated with low-trauma osteoporotic fracture and subsequent fracture in men 
and women. JAMA 301 (5):513-521. doi:10.1001/jama.2009.50

29.   Cummings SR, Melton LJ (2002). Epidemiology and outcomes of osteoporotic fractures. 
Lancet 359 (9319):1761-1767. doi:10.1016/S0140-6736(02)08657-9

30.   Teng GG, Curtis JR, Saag KG (2008). Mortality and osteoporotic fractures: is the link 
causal, and is it modifiable? Clinical and experimental rheumatology 26 (5 Suppl 
51):S125-137



26 Chapter 1

16.   Lips P, van Schoor NM (2005). Quality of life in patients with osteoporosis. Osteoporosis 
international 16 (5):447-455. doi:10.1007/s00198-004-1762-7

17.   Gosch M, Druml T, Nicholas JA, Hoffmann-Weltin Y, Roth T, Zegg M, Blauth M, 
Kammerlander C (2014.) Fragility non-hip fracture patients are at risk. Archives of 
orthopaedic and trauma surgery. doi:10.1007/s00402-014-2115-4

18.   van der Jagt-Willems HC, van Hengel M, Vis M, van Munster BC, van Campen JP, Tulner 
LR, Lems WF (2012). Why do geriatric outpatients have so many moderate and severe 
vertebral fractures? Exploring prevalence and risk factors. Age and ageing 41 (2):200-
206. doi:10.1093/ageing/afr174

19.   Howat I, Carty D, Harrison J, Fraser M, McLellan AR (2007). Vertebral fracture assessment 
in patients presenting with incident nonvertebral fractures. Clinical endocrinology 67 
(6):923-930. doi:10.1111/j.1365-2265.2007.02988.x

20.   Cooper C, Atkinson EJ, O’Fallon WM, Melton LJ, 3rd (1992). Incidence of clinically 
diagnosed vertebral fractures: a population-based study in Rochester, Minnesota, 1985-
1989. Journal of bone and mineral research 7 (2):221-227. doi:10.1002/jbmr.5650070214

21.  Fink HA, Milavetz DL, Palermo L, Nevitt MC, Cauley JA, Genant HK, Black DM, Ensrud 
KE (2005). What proportion of incident radiographic vertebral deformities is clinically 
diagnosed and vice versa? Journal of bone and mineral research 20 (7):1216-1222. 
doi:10.1359/JBMR.050314

22.   Gehlbach SH, Bigelow C, Heimisdottir M, May S, Walker M, Kirkwood JR (2000). 
Recognition of vertebral fracture in a clinical setting. Osteoporosis international 11 
(7):577-582. doi:10.1007/s001980070078

23.   Harvey N, Dennison E, Cooper C (2010). Osteoporosis: impact on health and economics. 
Nature reviews Rheumatology 6 (2):99-105. doi:10.1038/nrrheum.2009.260

24.   Ross PD (1997). Clinical consequences of vertebral fractures. The American journal of 
medicine 103 (2A):30S-42S; discussion 42S-43S

25.   Bartalena T, Rinaldi MF, Modolon C, Braccaioli L, Sverzellati N, Rossi G, Rimondi E, 
Busacca M, Albisinni U, Resnick D (2010). Incidental vertebral compression fractures 
in imaging studies: Lessons not learned by radiologists. World journal of radiology 2 
(10):399-404. doi:10.4329/wjr.v2.i10.399

26.   Delmas PD, van de Langerijt L, Watts NB, Eastell R, Genant H, Grauer A, Cahall DL 
(2005). Underdiagnosis of vertebral fractures is a worldwide problem: the IMPACT 
study. Journal of bone and mineral research 20 (4):557-563. doi:10.1359/JBMR.041214

27.   Kado DM, Duong T, Stone KL, Ensrud KE, Nevitt MC, Greendale GA, Cummings SR 
(2003). Incident vertebral fractures and mortality in older women: a prospective 
study. Osteoporosis international 14 (7):589-594. doi:10.1007/s00198-003-1412-5

28.   Bliuc D, Nguyen ND, Milch VE, Nguyen TV, Eisman JA, Center JR (2009). Mortality risk 
associated with low-trauma osteoporotic fracture and subsequent fracture in men 
and women. JAMA 301 (5):513-521. doi:10.1001/jama.2009.50

29.   Cummings SR, Melton LJ (2002). Epidemiology and outcomes of osteoporotic fractures. 
Lancet 359 (9319):1761-1767. doi:10.1016/S0140-6736(02)08657-9

30.   Teng GG, Curtis JR, Saag KG (2008). Mortality and osteoporotic fractures: is the link 
causal, and is it modifiable? Clinical and experimental rheumatology 26 (5 Suppl 
51):S125-137

27Introduction

31.   van der Jagt-Willems HC, Vis M, Tulner CR, van Campen JP, Woolf AD, van Munster BC, 
Lems WF (2013). Mortality and incident vertebral fractures after 3 years of follow-
up among geriatric patients. Osteoporosis international 24 (5):1713-1719. doi:10.1007/
s00198-012-2147-y

32.   Salaffi F, Cimmino MA, Malavolta N, Carotti M, Di Matteo L, Scendoni P, Grassi W (2007). 
The burden of prevalent fractures on health-related quality of life in postmenopausal 
women with osteoporosis: the IMOF study. The Journal of rheumatology 34 (7):1551-
1560

33.  Klotzbuecher CM, Ross PD, Landsman PB, Abbott TA, 3rd, Berger M (2000). Patients 
with prior fractures have an increased risk of future fractures: a summary of the 
literature and statistical synthesis. Journal of bone and mineral research 15 (4):721-739. 
doi:10.1359/jbmr.2000.15.4.721

34.   Melton LJ, 3rd, Atkinson EJ, Cooper C, O’Fallon WM, Riggs BL (1999). Vertebral fractures 
predict subsequent fractures. Osteoporosis international 10 (3):214-221

35.   Adams JE (2013). Advances in bone imaging for osteoporosis. Nature reviews 
Endocrinology 9 (1):28-42. doi:10.1038/nrendo.2012.217

36.   Dempster DW, Shane E, Horbert W, Lindsay R (1986). A simple method for correlative 
light and scanning electron microscopy of human iliac crest bone biopsies: qualitative 
observations in normal and osteoporotic subjects. Journal of bone and mineral 
research 1 (1):15-21. doi:10.1002/jbmr.5650010105

37.   Blake GM, Chinn DJ, Steel SA, Patel R, Panayiotou E, Thorpe J, Fordham JN (2005). 
A list of device-specific thresholds for the clinical interpretation of peripheral 
x-ray absorptiometry examinations. Osteoporosis international 16 (12):2149-2156. 
doi:10.1007/s00198-005-2018-x

38.   Cameron JR, Sorenson J (1963). Measurement of Bone Mineral in Vivo: An Improved 
Method. Science 142 (3589):230-232

39.  Link TM (2012). Osteoporosis imaging: state of the art and advanced imaging. Radiology 
263 (1):3-17. doi:10.1148/radiol.1211046210.1148/radiol.2633201203             

40.   Binkley N, Krueger D, Vallarta-Ast N (2003). An overlying fat panniculus affects femur 
bone mass measurement. Journal of clinical densitometry 6 (3):199-204                 

41.   Schousboe JT, Shepherd JA, Bilezikian JP, Baim S (2013). Executive summary of the 2013 
International Society for Clinical Densitometry Position Development Conference 
on bone densitometry. Journal of clinical densitometry 16 (4):455-466. doi:10.1016/j.
jocd.2013.08.004

42.   Adams JE (2009). Quantitative computed tomography. European journal of radiology 
71 (3):415-424. doi:10.1016/j.ejrad.2009.04.074

43.   Krieg MA, Barkmann R, Gonnelli S, Stewart A, Bauer DC, Del Rio Barquero L, Kaufman 
JJ, Lorenc R, Miller PD, Olszynski WP, Poiana C, Schott AM, Lewiecki EM, Hans D (2008). 
Quantitative ultrasound in the management of osteoporosis: the 2007 ISCD Official 
Positions. Journal of clinical densitometry 11 (1):163-187. doi:10.1016/j.jocd.2007.12.011

44.   Salminen H, Saaf M, Ringertz H, Strender LE (2005). Bone mineral density measurement 
in the calcaneus with DXL: comparison with hip and spine measurements in a cross-
sectional study of an elderly female population. Osteoporosis international 16 (5):541-
551. doi:10.1007/s00198-004-1719-x



28 Chapter 1

45.   Cummings SR, Bates D, Black DM (2002). Clinical use of bone densitometry: scientific 
review. JAMA 288 (15):1889-1897

46.   Marshall D, Johnell O, Wedel H (1996). Meta-analysis of how well measures of bone 
mineral density predict occurrence of osteoporotic fractures. BMJ 312 (7041):1254-
1259

47.   Wasnich RD, Ross PD, Heilbrun LK, Vogel JM (1987). Selection of the optimal skeletal 
site for fracture risk prediction. Clinical orthopaedics and related research (216):262-
269

48.   Kullenberg R, Falch JA (2003). Prevalence of osteoporosis using bone mineral 
measurements at the calcaneus by dual X-ray and laser (DXL). Osteoporosis 
international 14 (10):823-827. doi:10.1007/s00198-003-1442-z

49.   Bolotin HH, Sievanen H (2001). Inaccuracies inherent in dual-energy X-ray 
absorptiometry in vivo bone mineral density can seriously mislead diagnostic/
prognostic interpretations of patient-specific bone fragility. Journal of bone and 
mineral research 16 (5):799-805. doi:10.1359/jbmr.2001.16.5.799

50.   Meunier P, Aaron J, Edouard C, Vignon G (1971). Osteoporosis and the replacement of 
cell populations of the marrow by adipose tissue. A quantitative study of 84 iliac bone 
biopsies. Clinical orthopaedics and related research 80:147-154

51.   Placide J, Martens MG (2003). Comparing screening methods for osteoporosis. Current 
women’s health reports 3 (3):207-210

52.   Lindsay R, Silverman SL, Cooper C, Hanley DA, Barton I, Broy SB, Licata A, Benhamou L, 
Geusens P, Flowers K, Stracke H, Seeman E (2001). Risk of new vertebral fracture in the 
year following a fracture. JAMA 285 (3):320-323

53.   van Helden S, Cals J, Kessels F, Brink P, Dinant GJ, Geusens P (2006). Risk of new clinical 
fractures within 2 years following a fracture. Osteoporosis international 17 (3):348-
354. doi:10.1007/s00198-005-2026-x

54.   Fleurence RL, Iglesias CP, Johnson JM (2007). The cost effectiveness of bisphosphonates 
for the prevention and treatment of osteoporosis: a structured review of the literature. 
PharmacoEconomics 25 (11):913-933

55.   Van de Glind EM Treatment in geriatric patients: is there time to benefit? submitted
56.   Cuddihy MT, Gabriel SE, Crowson CS, Atkinson EJ, Tabini C, O’Fallon WM, Melton LJ, 

3rd (2002). Osteoporosis intervention following distal forearm fractures: a missed 
opportunity? Archives of internal medicine 162 (4):421-426

57.   Torgerson DJ, Dolan P (1998). Prescribing by general practitioners after an osteoporotic 
fracture. Annals of the rheumatic diseases 57 (6):378-379

58.   McLellan AR (2003). Identification and treatment of osteoporosis in fractures. Current 
rheumatology reports 5 (1):57-64

59.   McLellan AR, Gallacher SJ, Fraser M, McQuillian C (2003). The fracture liaison service: 
success of a program for the evaluation and management of patients with osteoporotic 
fracture. Osteoporosis international 14 (12):1028-1034. doi:10.1007/s00198-003-1507-z

60.  American guideline on osteoporosis (NOF). http://www.google.nl url?sa=t&rct= 
j&q=&esrc=s&source=web&cd=2&ved=0CCsQFjAB&url=http%3A%2F%2Fnof.
org%2Ffiles%2Fnof%2Fpublic%2Fcontent%2Ffile%2F344%2Fupload%2F159

61.   Aizer J, Bolster MB (2014). Fracture liaison services: promoting enhanced bone health 
care. Current rheumatology reports 16 (11):455. doi:10.1007/s11926-014-0455-2



28 Chapter 1

45.   Cummings SR, Bates D, Black DM (2002). Clinical use of bone densitometry: scientific 
review. JAMA 288 (15):1889-1897

46.   Marshall D, Johnell O, Wedel H (1996). Meta-analysis of how well measures of bone 
mineral density predict occurrence of osteoporotic fractures. BMJ 312 (7041):1254-
1259

47.   Wasnich RD, Ross PD, Heilbrun LK, Vogel JM (1987). Selection of the optimal skeletal 
site for fracture risk prediction. Clinical orthopaedics and related research (216):262-
269

48.   Kullenberg R, Falch JA (2003). Prevalence of osteoporosis using bone mineral 
measurements at the calcaneus by dual X-ray and laser (DXL). Osteoporosis 
international 14 (10):823-827. doi:10.1007/s00198-003-1442-z

49.   Bolotin HH, Sievanen H (2001). Inaccuracies inherent in dual-energy X-ray 
absorptiometry in vivo bone mineral density can seriously mislead diagnostic/
prognostic interpretations of patient-specific bone fragility. Journal of bone and 
mineral research 16 (5):799-805. doi:10.1359/jbmr.2001.16.5.799

50.   Meunier P, Aaron J, Edouard C, Vignon G (1971). Osteoporosis and the replacement of 
cell populations of the marrow by adipose tissue. A quantitative study of 84 iliac bone 
biopsies. Clinical orthopaedics and related research 80:147-154

51.   Placide J, Martens MG (2003). Comparing screening methods for osteoporosis. Current 
women’s health reports 3 (3):207-210

52.   Lindsay R, Silverman SL, Cooper C, Hanley DA, Barton I, Broy SB, Licata A, Benhamou L, 
Geusens P, Flowers K, Stracke H, Seeman E (2001). Risk of new vertebral fracture in the 
year following a fracture. JAMA 285 (3):320-323

53.   van Helden S, Cals J, Kessels F, Brink P, Dinant GJ, Geusens P (2006). Risk of new clinical 
fractures within 2 years following a fracture. Osteoporosis international 17 (3):348-
354. doi:10.1007/s00198-005-2026-x

54.   Fleurence RL, Iglesias CP, Johnson JM (2007). The cost effectiveness of bisphosphonates 
for the prevention and treatment of osteoporosis: a structured review of the literature. 
PharmacoEconomics 25 (11):913-933

55.   Van de Glind EM Treatment in geriatric patients: is there time to benefit? submitted
56.   Cuddihy MT, Gabriel SE, Crowson CS, Atkinson EJ, Tabini C, O’Fallon WM, Melton LJ, 

3rd (2002). Osteoporosis intervention following distal forearm fractures: a missed 
opportunity? Archives of internal medicine 162 (4):421-426

57.   Torgerson DJ, Dolan P (1998). Prescribing by general practitioners after an osteoporotic 
fracture. Annals of the rheumatic diseases 57 (6):378-379

58.   McLellan AR (2003). Identification and treatment of osteoporosis in fractures. Current 
rheumatology reports 5 (1):57-64

59.   McLellan AR, Gallacher SJ, Fraser M, McQuillian C (2003). The fracture liaison service: 
success of a program for the evaluation and management of patients with osteoporotic 
fracture. Osteoporosis international 14 (12):1028-1034. doi:10.1007/s00198-003-1507-z

60.  American guideline on osteoporosis (NOF). http://www.google.nl url?sa=t&rct= 
j&q=&esrc=s&source=web&cd=2&ved=0CCsQFjAB&url=http%3A%2F%2Fnof.
org%2Ffiles%2Fnof%2Fpublic%2Fcontent%2Ffile%2F344%2Fupload%2F159

61.   Aizer J, Bolster MB (2014). Fracture liaison services: promoting enhanced bone health 
care. Current rheumatology reports 16 (11):455. doi:10.1007/s11926-014-0455-2

29Introduction

62.   Akesson K, Marsh D, Mitchell PJ, McLellan AR, Stenmark J, Pierroz DD, Kyer C, Cooper C 
(2013). Capture the Fracture: a Best Practice Framework and global campaign to break 
the fragility fracture cycle. Osteoporosis international 24 (8):2135-2152. doi:10.1007/
s00198-013-2348-z

63.   Bours SP, van den Bergh JP, van Geel TA, Geusens PP (2014). Secondary osteoporosis 
and metabolic bone disease in patients 50 years and older with osteoporosis or with 
a recent clinical fracture: a clinical perspective. Current opinion in rheumatology 26 
(4):430-439. doi:10.1097/BOR.0000000000000074

64.   Hegeman JH (2006). Thesis: Fractures of the distal radius and osteoporosis in the 
elderly patient. 

65.   van Helden S, Cauberg E, Geusens P, Winkes B, van der Weijden T, Brink P (2007). 
The fracture and osteoporosis outpatient clinic: an effective strategy for improving 
implementation of an osteoporosis guideline. Journal of evaluation in clinical practice 
13 (5):801-805. doi:10.1111/j.1365-2753.2007.00784.x

66.   Hegeman JH, Willemsen G, van Nieuwpoort J, Kreeftenberg HG, van der Veer E, Slaets 
JP, ten Duis HJ (2004). Effective tracing of osteoporosis at a fracture and osteoporosis 
clinic in Groningen; an analysis of the first 100 patients. Nederlands tijdschrift voor 
geneeskunde 148 (44):2180-2185

67.   Schuit SC, van der Klift M, Weel AE, de Laet CE, Burger H, Seeman E, Hofman A, 
Uitterlinden AG, van Leeuwen JP, Pols HA (2004). Fracture incidence and association 
with bone mineral density in elderly men and women: the Rotterdam Study. Bone 34 
(1):195-202

68.   van Helden S, van Geel AC, Geusens PP, Kessels A, Nieuwenhuijzen Kruseman AC, 
Brink PR (2008). Bone and fall-related fracture risks in women and men with a recent 
clinical fracture. The Journal of bone and joint surgery American volume 90 (2):241-
248. doi:10.2106/JBJS.G.00150

69.   Huntjens KM, van Geel TA, van Helden S, van den Bergh J, Willems P, Winkens B, 
Geusens PP, Brink PR (2013). The role of the combination of bone and fall related risk 
factors on short-term subsequent fracture risk and mortality. BMC musculoskeletal 
disorders 14:121. doi:10.1186/1471-2474-14-121

70.   Schwartz AV, Nevitt MC, Brown BW, Jr., Kelsey JL (2005). Increased falling as a risk 
factor for fracture among older women: the study of osteoporotic fractures. American 
journal of epidemiology 161 (2):180-185. doi:10.1093/aje/kwi023

71.   Wei TS, Hu CH, Wang SH, Hwang KL (2001). Fall characteristics, functional mobility 
and bone mineral density as risk factors of hip fracture in the community-dwelling 
ambulatory elderly. Osteoporosis international 12 (12):1050-1055

72.   Nguyen ND, Frost SA, Center JR, Eisman JA, Nguyen TV (2008). Development of 
prognostic nomograms for individualizing 5-year and 10-year fracture risks. 
Osteoporosis international 19 (10):1431-1444. doi:10.1007/s00198-008-0588-0

73.   Kanis JA, Johnell O, Oden A, Johansson H, McCloskey E (2008). FRAX and the assessment 
of fracture probability in men and women from the UK. Osteoporosis international 19 
(4):385-397. doi:10.1007/s00198-007-0543-5  



30 Chapter 1

74.   Siris ES, Adler R, Bilezikian J, Bolognese M, Dawson-Hughes B, Favus MJ, Harris ST, Jan 
de Beur SM, Khosla S, Lane NE, Lindsay R, Nana AD, Orwoll ES, Saag K, Silverman S, 
Watts NB (2014). The clinical diagnosis of osteoporosis: a position statement from the 
National Bone Health Alliance Working Group. Osteoporosis international 25 (5): 1439-
1443  doi:10.1007/s00198-014-2655-z

75.   Tosteson AN, Melton LJ, 3rd, Dawson-Hughes B, Baim S, Favus MJ, Khosla S, Lindsay 
RL (2008). Cost-effective osteoporosis treatment thresholds: the United States 
perspective. Osteoporosis international 19 (4):437-447. doi:10.1007/s00198-007-0550-6

76.   Eekman DA, van Helden SH, Huisman AM, Verhaar HJ, Bultink IE, Geusens PP, Lips 
P, Lems WF (2014). Optimizing fracture prevention: the fracture liaison service, an 
observational study. Osteoporosis international 25 (2):701-709. doi:10.1007/s00198-
013-2481-8


