
OSTEOPOROSIS IMAGING (L LENCHIK, SECTION EDITOR)

Imaging of Osteoporotic Fractures on XR, CT, and MR

Brian C. Lentle • Ian Hammond • Gregory B. Firth •

Roger A. L. Sutton

Published online: 3 December 2013

� Springer Science+Business Media New York 2013

Abstract The evaluation of skeletal health has pro-

gressed from diagnostic labeling (normal-low bone mass-

osteoporosis) to quantifying future fracture risk. Thus, the

recognition of prevalent and incident fractures has

increased in importance because they influence risk

assessment. Non-spinal osteoporotic fractures rarely pose

diagnostic problems, although those of the proximal femur

and pelvis may require computed tomography (CT) and/or

magnetic resonance imaging for diagnosis. Spinal fractures

remain a paradox. Whereas radiological diagnosis in gen-

eral benefits increasingly from powerful diagnostic tools to

examine disease, many osteoporotic spinal fractures are

asymptomatic, and their recognition is often incidental to

chest radiography or body CT. Moreover, there are no

uniformly agreed criteria by which to decide if a vertebra is

fractured. Lastly, it has become apparent that some osteo-

porosis treatments may themselves contribute to so-called

atypical femoral fractures.
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Introduction

Post-menopausal osteoporosis (PMO) is silent and only

becomes manifest when bones fracture [1]. Bone strength

is a function of bone mineral density (BMD) and bone

quality—implying micro-architecture and macro-architec-

ture [2•]. BMD is measurable [3], but the quality element

of in vivo bone strength can, in day-to-day practice, only be

inferred when and if a fragility fracture occurs. While the

clinical challenge is to diagnose and, if necessary, treat the

disease before such fractures happen, recognition of a low-

trauma fracture has three important implications:

• It provides an unequivocal statement about bone

fragility and trumps BMD in indicating that the patient

has osteoporosis.

• It impacts fracture risk assessment, for example, using

the FRAX model [4•], otherwise based on BMD and/or

other clinical factors, since a low-trauma fracture is

associated with an enhanced future fracture risk [5].

• It affords an opportunity to investigate and treat a

patient and thus try to prevent future fractures [6].
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Fractures, Guidelines, and Risk Estimation

The management of patients with PMO has evolved from

applying a diagnostic label (normal-osteopenia–osteopo-

rosis) based on BMD [7] to a model based on fracture risk

assessment. Thus, most guidelines now incorporate [8–11]

a low-trauma fracture as an important factor in estimating

an individual’s future fracture risk, along with other fac-

tors, as does the FRAX tool—calibrated and validated for

use in a number of countries [4•]. Thus, the correct diag-

nosis of low-trauma fractures and their explicit attribution

to osteoporosis are often key to management decisions.

Secondary osteoporosis, for example, from glucocorticoid

administration, is also included in the FRAX model as a

weighting factor.

Clinical Aspects

Any systematic approach to understanding fragility frac-

tures has to avoid a narrow osteocentric view of low-

trauma fractures. While these are often the result of trauma

acting upon weak bones, other factors are very important—

ranging from a person’s muscle strength, balance, and

agility to her or his consumption of sedatives, and to such

physical hazards as scatter rugs, etc., which may cause falls

[12].

Epidemiology

PMO is the most prevalent metabolic bone disease in the

developed world [13–20]. It is a multifactorial disorder in

which age, sex, and genetic factors are important. Older

women suffer osteoporotic fractures both earlier and in

greater number than men at the same age, by a factor of

about two, but fracture types are themselves age-dependent

(14–19: wrist fractures increase in the 50s, vertebral frac-

tures in the 60s, and hip fractures thereafter [21]. Fur-

thermore, there are substantial differences in the rates of

hip fracture in different countries [22], while white popu-

lations suffer a greater incidence of hip fractures irre-

spective of abode [22]. PMO itself can be associated with

dietary factors including low vitamin D levels, the latter

usually without radiological evidence of osteomalacia.

Definition

Any given fracture is the result of a patient’s exposure to

injury, the magnitude of that injury, and the ability of the

skeleton to withstand damage caused by the forces acting

upon it. Thus, a universally applicable definition of an

osteoporotic fragility fracture is always going to be subject

to interpretation. In a given patient, his or her balance,

muscle strength in resisting a fall, the site of the trauma,

and the mechanical strength of the bones bearing the brunt

of an injury all play a part in the outcome. For practical

purposes, a low-trauma or fragility fracture, as complicat-

ing PMO, is often defined as a fracture resulting from a fall

from a standing height or less [23]. Thus, any fracture that

results from a fall down stairs is likely to be predominantly

due to the trauma involved, while the same fracture

resulting from a fall on a sidewalk is likely to be osteo-

porotic in provenance. Patients too may point to the diag-

nosis when asked if they might have expected the injury in

question to have caused a fracture had it occurred when

they were a couple of decades younger.

What is apparent in population studies is that fractures

of the cranium, facial bones, hands, and feet (carpus, tarsus,

and bones of the fingers and toes) are not usually associated

with osteoporosis and are usually disregarded in this con-

text, bearing in mind that fractures of the distal radius are

indeed often osteoporotic [24]. Rib fractures (for example,

‘‘cough fractures’’) are also commonly due to osteoporosis

[24].

An important distinction that is made in describing

fractures due to PMO is the difference between prevalent

(pre-existing) and incident (newly observed) fractures.

Diagnosis

In considering osteoporotic fracturing, it is convenient to

consider fractures in general and vertebral fractures as a

special case.

Non-spine Fractures

Non-spine fractures usually occur either spontaneously or

as a result of trauma, and do so acutely and painfully. The

common sites for traumatic extra-spinal fragility fractures

are the ribs, distal forearm, proximal humerus, and proxi-

mal femur. Radiography is used to confirm the diagnosis,

assess the position of the bone fragments, and determine

need for surgery. Some patients with an undisplaced

proximal femoral fracture may have normal radiographs,

and, although both computed tomography (CT) and mag-

netic resonance imaging (MRI) have been used to confirm

a fracture in this context [25, 26] (Fig. 1), MRI seems to be

the superior modality [25, 26] and has been shown to be

cost-effective in at least one setting [27]. Otherwise, sup-

plementary examinations with CT or MRI are rarely

required unless, for example, there is a suspicion of path-

ological fracturing (Fig. 2).
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An exception to the above is that pelvic fractures are

becoming more common in developed countries and

require CT for assessment [28•].

Serial radiography is used to record fracture reduction

and healing.

Spinal Fractures

Spinal fractures differ from fractures elsewhere in that:

• There is no consensus about the definition of a vertebral

fracture [13, 29, 30••].

• About 60 % occur with few or no symptoms [31] and

may only be detected by radiography, perhaps coinci-

dentally on a chest radiograph or body CT [32–35].

• They may occur progressively and not entirely instan-

taneously, so that the vertebral configuration changes

over time.

• Other than in children who are still growing, while

some callus formation may occur, there is no healing in

the sense that long bones heal. Growing children have

the distinct potential to completely reshape and restore

previously fractured vertebral bodies if the underlying

cause of the fracture is treated [36•].

• Unlike other fractures, excepting those of the proximal

femur, spinal fractures are associated with an increased

mortality, which at 5 years is nearly identical to that

from fractures of the proximal femur [37]. It is not clear

whether this is cause and effect or if the fracture is a

marker for frailty. Multiple spinal fractures also result

in morbidity resulting from changes in posture—a

stoop, protuberant abdomen, and compromised chest

volume, not to mention distress to the patient as her

wardrobe is made obsolete by changes in her body

habitus [31, 37–40].

• Rarely, acute spinal fractures may only be seen on

standing (‘‘stress’’) images [41].

Thus, the radiological diagnosis of spinal fractures in

PMO represents a paradox. While the evolution of radiol-

ogy has resulted in powerful diagnostic tools to examine

specific localizing symptoms, because spinal fractures are

often asymptomatic, the diagnosis tends to rely on plain

film radiography used in either fracture risk assessment or,

if the spine is seen incidentally, on chest radiography or CT

[35, 36•]. Indeed, to an increasing extent, dual X-ray

absorptiometry (DXA) scans are used to provide images

(vertebral fracture assessments, VFA) that are useful for

grade 2 and 3 vertebral fracture identification [42, 43]

(Fig. 3).

Osteoporotic spinal fractures are rarely of the ‘‘burst’’

type often seen with high-energy trauma. While there may

be a small degree of retropulsion in osteoporotic vertebral

fracturing, neurological compromise from pressure on the

spinal cord is very rare.

Spinal Fracture Diagnosis

One recurrent theme in the diagnosis of spinal fractures,

first identified by Gellbach et al. [32] but since repeated

[33, 34], is the way in which they may be ignored. Radi-

ologists, for example, may fail to report them as incidental

findings on a chest radiograph. Moreover, if noted, clini-

cians may ignore the observation and, in a hospital setting,

even the diagnosis. Thus, a diagnosis of osteoporosis may

not make its way into the discharge summary. An

Fig. 1 A CT scan section. There is an impacted fracture of the

femoral neck (arrow). Plain radiographs had been inconclusive

Fig. 2 Lumbar spine sagittal reconstruction: pathological fractures

with a soft-tissue mass (arrows)
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opportunity to treat the underlying disease may thus be

missed—a care gap. More recently, this same care gap has

also been observed in respect to fractures not recognized on

body CT images [35, 36•].

Recognition of this issue [44] has resulted in pedagog-

ical initiatives, for example, by the International Skeletal

Society (ISS) [45], to improve the recognition and diag-

nosis of vertebral fractures by radiologists [46].

At the same time, uncertainty about the precise char-

acterization of vertebral fractures may lead to equivocation

in describing fractures and in linking them to a potential

diagnosis of osteoporosis [47, 48].

Indeed, spinal fracture recognition is far from a simple

issue, particularly in respect of minor degrees of fracturing

[49]. Recent reviews have documented this uncertainty in

respect to spinal fractures and described a number of

methods being used for diagnosing spinal fractures without

being able to endorse any one [29, 30••]. The methods used

have included:

• Simple observational diagnosis comparing the self-

similarity of adjacent vertebrae complemented by the

conventional signs of fracturing (end plate breaks and

disruption, loss of end-plate parallelism, end-plate

attenuation, and anterior cortical buckling).

• Absolute measurements of vertebral dimensions com-

pared with either a data base [50] or between the

anterior and posterior heights of a vertebral body [51••].

• Relative morphometric measures comparing the vertical

heights of vertebral bodies [52].

• The Genant semiquantitative variation classifying frac-

tures by degree as well as type: ‘‘wedge,’’ ‘‘bi-

concave,’’ or ‘‘crush’ [53].

• An algorithm for recognizing end-plate fractures [54,

55], which, the proponents argue, are the underlying

and unifying feature of osteoporotic vertebral frac-

tures—the algorithm-based qualitative (ABQ) tool. This

algorithm is designed to exclude false-positive diagno-

ses that might result from a Schmorl node, for example

(Fig. 4).

Unfortunately, while these techniques have been com-

pared, correlated with BMD, and examined for observer

error, there have been no long-term outcome studies pub-

lished to validate any one particular method.

The semiquantitative tool of Genant is the most widely

used [53] and has been validated to the extent that it

facilitated the pivotal trials of drugs currently used in

osteoporosis. However, experience has tended to suggest

that Genant grade 1 fractures in the thoracic spine have a

low predictive power in terms of future fracturing.
Fig. 3 A VFA lateral spine image of L3. A superior end-plate

fracture of L3 is apparent

Fig. 4 A superior end-plate fracture of a vertebra (arrow) meeting

the ABQ criteria
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Moreover, using the Genant paradigm, there is a discrep-

ancy between the distribution of fractures in the spine such

that prevalent fractures are much more common in the mid-

and upper-thoracic region than incident fractures [54–56],

suggesting that at least some of the these apparent lesions

are not true fractures. The Genant tool remains in wide use.

However, the fact of proposals of alternative diagnostic

criteria as well as experience of over-interpretation of the

normal wedge shape of thoracic vertebrae (on account of

the normal kyphosis) suggests caution. Indeed, at least one

recent report used the Genant tool for classification with

the rider that to be diagnosed as a fracture a vertebral body

must provide evidence of end-plate damage [57•].

Imaging Tools

Conventional Radiographs

Conventional radiography is crucial to the diagnosis and

follow-up of fractures.

DXA and Vertebral Fracture Assessment (VFA)

DXA examinations provide an image of the lumbar spine

from which fractures may sometimes be identified,

although such images cannot be used to exclude a fracture.

Later generations of DXA machines provide for imaging

the spine from T4 to L4. Although these images are pho-

ton-poor, they involve smaller radiation doses than con-

ventional radiography, and, because the technique is a

scanning technique, the X-ray beam is orthogonal to the

spine long-axis along its length. Thus, the image provides

good visualization of the vertebral end plates at least below

the mid-thorax [42, 43] (Fig. 3).

Radionuclide Bone Scintigraphy

Radionuclide scintigraphy may complement radiography in

two contexts:

• Providing evidence to suggest that spinal fractures are

recent or healed.

• Demonstrating evidence of radiographically occult

injuries, such as sacral fractures [58] and atypical

femoral fractures (AFF) as described below.

Computed Tomography (CT)

CT is not necessary in the diagnosis of most peripheral

fractures, and in the absence of symptoms in most patients,

it is not used as a primary tool for the detection of

osteoporotic spinal fractures. However, as noted above,

scans of the chest or abdomen may enable the fortuitous

detection of occult spinal fractures, particularly if the

images are reformatted in sagittal projection [35, 36•].

Patients with DXA-detected osteoporosis have been shown

to have low CT-attenuation values in the lumbar spine, and

it has been suggested that abdominal CT scans may be used

for the opportunistic diagnosis of osteoporosis [59].

Magnetic Resonance Imaging (MRI)

Similarly, MRI is not used for the routine detection of

osteoporotic fractures. Vertebral MR performed for spe-

cific conditions such as spinal cord compression or

assessment of the para-spinal soft tissues allows fortu-

itously detection of osteoporotic spinal fractures [30••].

The demonstration of bone marrow edema, thought to

represent hemorrhage associated with microfracturing,

helps to identify acute or sub-acute fractures [60].

Some patients with the clinical diagnosis of a femoral

neck or intertrochanteric fracture may have normal radio-

graphs, and although both CT and MRI have been used to

confirm a fracture in this context, MRI seems to be the

superior modality [26]. Otherwise, supplementary exam-

inations with CT or MRI are rarely required unless, for

example, there is a suspicion of pathological fracturing.

CT and/or MRI can usually be used to decide whether a

vertebral fracture is osteoporotic [51].

Particular Considerations

Atypical Femoral Fractures (AFF)

From the earliest use of agents that inhibit bone resorption

to treat osteoporosis, there has been concern that excessive

inhibition of bone turnover might ultimately compromise

bone strength. No such issues were observed in the pivotal

drug trials of alendronate, risedronate, and other bisphos-

phonates. However, with expanded use of such drugs, an

unusual pattern of femoral fractures has been observed.

AFFs are very uncommon, but a relationship with the

administration of agents such as bisphosphonates appears

likely, although the relationship is unlikely to be simply

one of cause and effect.

From a number of patients with such fractures a prob-

able sequence of radiographic events can be inferred.

Changes in the femoral cortex, potentially bilateral, occur,

leading, if the condition progresses, to stress fractures.

These are thought to be precursors of full-blown fractures,

which are ‘‘atypical’’ in the sense that, unlike more usual

femoral fractures, they are most often short, transverse

fractures that have been likened to chalk stick fractures.
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There may be symptoms in the prodromal phase—chiefly

thigh discomfort. At this stage, a radionuclide bone scan

may reveal a focal abnormality or abnormalities in the

femur. Also focal new bone may be formed on the outer or

inner cortical surfaces, sometimes with a transverse cortical

stress fracture when it is called ‘‘beaking’’ and, of interest,

since some of these early signs may be detected on DXA

examinations (Fig. 5) [61•]. The American Society of Bone

and Mineral Research has recently published a revised set

of clinical and radiological criteria for the diagnosis of AFF

[62••].

The fractures, if and when they occur, may be sponta-

neous and not trauma related. Of note, all of these features

are also present in the upper femoral fractures that occur

spontaneously in hypophosphatasia [63]. To put AFF in

perspective, it has been estimated that perhaps 100 typical

hip fractures may be prevented for every atypical hip

fracture that may be caused by bisphosphonate use.

Glucocorticoid-Induced Vertebral Fractures

Spinal fractures of this type are associated with exuberant

callus formation near the end plate, which has been

described as marginal condensation [64] so that there may

be a region of increased density adjacent to the vertebral

end plate (Fig. 6). As a sign, this is of low sensitivity but

high specificity.

Fracture-Related Necrosis

Excavation of the nucleus pulposus at any given interver-

tebral space may result in a void that fills with gas—the so-

called vacuum phenomenon. Less commonly, gas may

Fig. 5 Cortical stress lesion in the proximal femur thought to be a

precursor of an atypical femoral fracture

Fig. 6 Lumbar spine with a glucocorticoid-induced fracture and the

characteristic excess callus (upper arrow). The lower arrow points to

similar changes presumably due to occult fracturing

Fig. 7 Vertebral aseptic necrosis and an intraosseous vacuum

phenomenon (arrow), sometimes described as Kümmel disease or a

vertebral cleft, and a potential cause of pain
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accumulate in the vertebral body (an intraosseous vacuum

phenomenon) [65] (Fig. 7). This finding, also called a

vertebral cleft, has been shown to be due to tissue necrosis

[66]. It is not specific to osteoporosis but may occur in

aseptic necrosis of the vertebra because of any cause, and

such necrosis has also been called Kümmel disease.

Summary

The prevention and treatment of PMO are directed to

avoiding low-trauma fractures. However, recognizing these

fractures when they occur is as important, as is explicitly

attributing them to osteoporosis, since such recognition

affords an opportunity, sometimes missed, to initiate care

not only of the fracture but also the underlying disease

[67].
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