
Skeletal metastases are severe com-
plications in the course of cancer, and 
they indicate a worse prognosis. The 
use of modern imaging techniques 
allows rapid diagnosis of bone me-
tastases. Properly selected diagnostic 
imaging (scintigraphy, positron emis-
sion tomography, whole body MRI) 
allows us to evaluate the number of 
metastatic foci in the skeletal system. 
Complementary imaging examina-
tions (X-ray, computed tomography, 
magnetic resonance imaging) deter-
mine the extent of metastasis and 
its character: osteolytic, osteoblast, 
mixed). Hypercalcaemia is a symptom 
of low specificity for metastatic bone 
disease (a result of osteolysis); never-
theless, it is a significant complication 
in oncological treatment and worsens 
the prognosis of the patient. A biop-
sy is the final stage of the diagnostic 
process, which allows us to assess cell 
and tissue changes. Guided biopsies 
are performed under the control of 
musculoskeletal imaging methods (CT, 
MRI) and they are the most promising 
tools in bone metastases diagnosis. 
The development of guided biopsy 
techniques has led to the conclusion 
that they should be standard in diag-
nosing bone metastases. Liquid biop-
sy (LB) seems to be the most prom-
ising diagnostic method for detection 
of bone metastases. LB based on tu-
mour-specific DNA mutation gives an 
opportunity for early detection and 
assessment of the molecular hetero-
geneity of the overall disease.
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Introduction

An important property of malignant tumours is that their development 
is not only limited to the place from which they origin, the primary tumour, 
but they also have the ability to detach themselves and move to other parts 
of the body, where they can develop as a separate tumour. This process is 
called the formation of metastases [1]. Just as in primary tumours, metas-
tases develop at the expense of local tissues, and in the case of bones they 
bring about pathologic fractures that cause serious complications in ortho-
paedic and cancer treatment.

The skeleton is the third (after the liver and lungs) most common organ 
to be affected by metastatic cancer [2]. A significant number of patients suf-
fering from this disease (600 thousand new cases per year in the USA) is 
a challenge for modern healthcare systems [3]. Due to advances in cancer 
treatment, survival of patients with bone metastases increases as well. This, 
in turn, challenges orthopaedic oncology, which aims to provide the patient 
with the highest level of physical mobility while eliminating the pain associ-
ated with the development of metastatic outbreaks.

As many as 65% of all bone metastases originate from the breast in wom-
en, and from the prostate in men. The remaining 35% arise from kidney, 
thyroid, and lung cancers [4]. Table 1 presents the estimated number of new 
cases of cancer and bone metastases on a worldwide scale.

Pathophysiology of bone metastases

In response to mechanical stress, bone normally undergoes contin-
ual remodelling. This process is based on a balanced, parallel interaction 
of osteoblasts and osteoclasts. The essence of this phenomenon is repet-
itive, with consequent reconstruction of bone matrix [8]. Bone metastasis 
begins when primary tumour cells detach from their place of origin, reach 
new bone through the blood vessels, and develop their own vasculature in 
a new localisation [9]. The presence of numerous growth factors, cytokines, 
immune cells engaged in the bone remodelling process, and the hematopoi-
etic process within the bone make it a suitable microenvironment for the 
development of metastases. As a consequence of tumour cell colonisation 
in the bone matrix, the normal homeostasis of the bone is disrupted and the 
intensification of osteolytic or osteoblastic activities is reported. 

Clinical symptomatology

The main complaint reported by a patient to a doctor is pain. If the lo-
cation of a metastasis is a long bone (most commonly the proximal part of 
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the humorous or femur) the pain is local and the patient 
is able to determine its scope precisely. Most commonly, 
pain is worse at night, unlike in osteoarthritis where pain 
is worse during the day and is associated with weight 
bearing. In the pathogenesis of pain, of crucial importance 
is the growth of intraosseous pressure caused by the 
growing tumour. When the metastasis is inserted in the 
pelvis or spine area, its symptomatology is more difficult 
because it bears a resemblance to other diseases that can 
be located in these places.

Imaging methods in the diagnosis of metastases

Classic X-ray (radiography) performed in 2 orthogonal 
projections is most often the first test performed in the 
early diagnosis of metastases. On the basis of X-ray one 
can not only obtain information on the size and location of 
the bone tumour, but also assess the risk of pathological 
fracture. X-ray allows us to determine whether the tumour 
is osteolytic, osteoblastic, mixed, or if there is a change 
due to tumour-like change similar to Paget’s disease or 
brown tumour. Due to its accessibility and popularity, the 
X-ray examination is quick and cheap, giving it a crucial 
advantage. In each case, the metastatic tumour diagnosis 
should strive to clarify the nature of the change with the 
use of further imaging methods (MRI, CT) [10]. 

Bone scintigraphy (BS) is a  method of imaging with 
the highest sensitivity (95%) regarding metastases, and 
it is the basis of screening [11–13]. It allows the depiction 
of the entire skeleton in one medical examination. The 
scan shows intensive radionuclide activity, which in turn 
detects areas of bone abnormalities. The causes of bone 
turnovers can be different than of metastatic origin (leu-
kaemia, healing fracture, etc.), and for this reason the low 
specificity of scintigraphy remains its biggest drawback.

Computed tomography (CT) is a complementary imag-
ing technique used to diagnose bone metastases. It is rec-
ommended particularly in dealing with discrepancies be-
tween the outcomes of X-ray (negative) and scintigraphy 
(positive). It allows us to establish the range of destruction 
of the cortical bone and the presence of periosteal reac-
tions [14]. Obtained CT scans give the ability to determine 
the spatial structure and volume of metastasis. This is 
important in preoperative planning because it allows the 
appropriate selection of an orthopaedic implant [15].

Magnetic resonance imaging (MRI) is the most sophis-
ticated method for imaging bone tumors. This technique is 
based on the detection of the proton content in the cells. 
Cancer cells contain more water molecules than healthy 
bone marrow or cortical bone. Diagnostic images deter-
mine not only the degree and type of the damage to the 
bone but also give the opportunity to assess the soft tis-
sues adjacent to tumour [16, 17]. During whole body MRI 
examination there is greater chance of diagnosing metas-
tases, than with the use of scintigraphy. Nevertheless, this 
method is far less available due to equipment limitations. 

Positron emission tomography (PET) is a modern and 
recognized method of detecting cancer cells. The use of 
a  marker 18F-FDG is an effective way of indicating cells 
with the increased absorption of glucose, such as metas-

tases. By combining PET and CT, high-resolution images 
can be obtained [18, 19]. Their diagnostic value is com-
parable to that obtained with the use of MRI whole-body 
mode [20–22].

Biopsies

To take a sample of the tumour for histopathological 
examination the following should be performed: fine-nee-
dle aspiration biopsy (FNAB), core-needle biopsy (CNB), 
or open biopsy (OB), which is a surgical treatment. Each 
of these three techniques is an established and widely 
used method of diagnosing neoplastic lesions of human 
bone. Each of them has its advantages and limitations. 
The decision about the type of biopsy performed depends 
on the topographic location of the tumour and the expe-
rience of the person performing the test. A biopsy should 
be planned on the basis of physical examination and di-
agnostic images (X-ray, Scintigraphy, CT, MRI, PET) in such  
a way that the final operative treatment could be carried 
out from the same operative approach as for biopsy (with 
the principle of opening one anatomical compartment) [23].

Fine-needle aspiration biopsy is an invasive yet safe 
and non-traumatic technique of excising biological mate-
rial. It is the simplest and the cheapest diagnostic method, 
which is widely used mainly for diagnosing osteolytic me-
tastases, mixed osteoblastic/osteolytic, and multiple me-
tastases (samples taken from many areas). It is performed 
by percutaneous puncture of a tumour with a G20–G27 
or smaller needle. An important limitation of this method 
is the significant percentage of outcomes that are falsely 
negative – about 20–30% [24].

Core-needle biopsy gives the opportunity to excise bio-
logical material (tissue block) and to maintain the architec-
ture of the tissue. It allows histopathological, immunohisto-
chemical, structural, and molecular analysis. It is an invasive 
method with a much better responsiveness than FNAB, 
performed with the use of a stylet needle, sized 10–14 G. 
Core-needle biopsy can provide an accurate diagnosis in 
about 74% of cases [25, 26].  

Needle biopsies can be performed under local anesthe-
sia in an outpatient setting. They are viable and do not 
require patient’s stay. 

Open biopsy is an operative method in which biologi-
cal material is obtained directly. It is performed in the op-
erating room and is therefore limited to hospital patients 

Table 1. Estimated number of new cases of cancer and bone metas-
tases on a worldwide scale

Cancer Five-year 
world 

prevalence 
[5]

Incidence 
of bone 

metastases in 
cancers [6]

Median 
survival
(months) 

[6, 7]

Breast 3 860 000 65–75% 19–25

Prostate 1 555 000 65–75% 12–53

Lung 1 394 000 30–40% 6

Melanoma 533 000 14–45% 6

Renal 480 000 20–25% 6

Thyroid 475 000 60% 48
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only. This method is of the highest sensitivity and is rec-
ommended in cases in which needle biopsies were neg-
ative and a bone change is visible on imaging studies. OB 
should be done in orthopaedic oncology wards because it 
requires compliance with certain rules, such as:
•	 straight incision carried out centrally on a change in its 

long axis,
•	 incision carried out in such a way that it gives the possi-

bility to perform resectable (final) surgery,
•	 incision made within one anatomical compartment  

(the principle of one compartment),
•	 incision distant from the neurovascular bundle,
•	 post-operative drain within the wound,
•	 accurate haemostasis [27].

Like any operative procedure, OB may bring about many 
complications associated primarily with post – operative 
bleeding, wound healing, local pain or infection. 

Liquid biopsies based on genetic analysis of blood-se-
rum and bone morrow for tumour markers. Tumour-spe-
cific mutations are used for detection of cancer cells and 
metastatic tumour cells [28]. Disseminated tumour cells 
(DTCs) are detected in bone marrow, and circulating tu-
mour cells (CTCs) are detecting in blood serum (Fig. 1). Spe-
cific DTCs are currently identify in bone marrow for breast 
cancer (HER2 gen) [29], prostate cancer (PSA, MAGE- 
cDNAs) [30], lung (monoclonal antibody CK2 against CK18) 
[31], colorectal (CK20- cytokeratin 20) [32], and for other 
epithelial tumours: gastric cancer, oesophageal cancer, 
head and neck carcinomas [33, 34].

Benefits of liquid biopsies:
•	 minimally invasive,
•	 easy to perform,
•	 repeatable,
•	 avoids pain for the patient.

Guided biopsies

Guided biopsies are performed under control of musculo-
skeletal imaging methods (CT, MRI). They are the most prom-
ising tools in bone metastasis diagnosis. After the initial im-
aging of the examined area (usually the spine and pelvis),  
a needle biopsy is used under local anaesthesia.  The loca-
tion of the needle tip within the tumour is confirmed by the 
next step of imaging examination. If the needle position is 
correct, the doctor draws out the material for histopathologi-
cal examination. This method of biopsy minimises the risk of 
incorrect cell removal and is recognised as highly accurate. 
Life imaging guided biopsies give the opportunity to take tis-
sue samples accurately from the growing part of the tumour 
(tumour-specific cells); they eliminate risk of taking necrotic 
tumour tissue, thus preventing false diagnoses. Its efficiency 
(about 78%) increases if a core needle biopsy is used [35].

With the advance of guided biopsies, which are safe and 
precise, they become widely used in diagnosis and therapy 
(percutaneous tumour ablation, application of bone cement 
into the tumour) [36, 37]. Guided biopsies with the use of CT 
are faster, cheaper, and more accessible diagnostic methods 
than those used with an MRI technique. Most patients may 
leave hospital alone on the same day the biopsy is performed.

Fig. 1. Disseminated tumor cells in bone morrow. Tumor cells in the blood are denoted CTCs [28] 

BM – bone marrow; CGH – comparative genomic hybridization; FISH – fluorescent in situ hybridization; ICC – immunocytochemistry; MHC – major histocompat-
ibility class; RT-PCT – reverse transcriptase-PCR

Characteristics of DTcs:

– �Non proliferative (Ki-67–) and dormant
– �Immune escape phenotype (MC class I loss)
– �High frequency of Her2 expression

Technologies for detection and characterization of DTCs:

– �Enrichment: Ficoll ± magnetic beads
– Identification: ICC/RT-PCR/EPISPOT/Flow cytometry
– Characterization: FISH/CGH/Next-Gen Sequencing

Biological functions of DTCs:

– �Homing and extravasation to the BM
– �Survival in hypoxic conditions 
– �Interactions with the BM environment (e.g. 

hematopoietic stem cell niche)
– �Induction and escape from dormancy
– �Induction of relapse in BM and other organs

Potential clinical relevance of DTCs:

– �Prognostic information
– �Monitoring of therapies (e.g. chemotherapy/antibody therapy)
– �Identification of therapeutic targets and resistance mechanisms
– �Stratification of individual patients of specific therapy

DTCs

CTCs
Blood vessel
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Hypercalcaemia

Hypercalcaemia is the most common metabolic dis-
order in the course of cancer (approximately 10–40% of 
patients). Its development is a result of the following four 
mechanisms:

•	 local secondary osteolysis into the bone metastasis,
•	 the excessive release of parathyroid hormone-related 

protein (PTHrP),
•	 excessive production of 1,25-D dihydroxyvitamin,
•	 ectopic secretion of PTH [38].

The processes described in sections 2, 3, and 4 are as-
sociated with humoral activity of the metastatic process, 

Table 2. Diagnostic methods for detection of bone metastases 

Diagnostic 
method

Description Sensitivity and 
specificity

Timing Limitations References

X-ray Noninvasive, 
available, cheap

Sensitive in suspected 
pathological fractures

Early diagnosis Pelvis and spine imaging [10]

CT Noninvasive Sensitivity ++
Specificity ++

Early diagnosis,
Pre-operative planning

Implants [14, 15]

MRI Noninvasive Sensitivity +++
Specificity +++

Complementary examination Ferromagnetic implant [16, 17]

Bone 
Scintigraphy 

Radionuclide isotop Sensitivity +++
Specificity +

Screening in patient with prior 
organ tumor diagnosed

Need for iv administration 
of radioisotope

[11–13]

FGD-PET Radionuclide isotop Sensitivity +++
Specificity ++

Screening in patient with prior 
organ tumor diagnosed

 need for iv administration 
of radioisotope

[18–20]

Whole body 
MRI

Noninvasive Sensitivity +++
Specificity +++

Screening in patient with prior 
organ tumor diagnosed

Ferromagnetic implant [21, 22]

FNAB Minimally invasive Sensitivity 79.17%
Specificity 72.7%

Early ambulatory diagnosis No tissue structure of the 
material

[24]

CNB Minimally invasive Sensitivity 79.2%
Specificity 81.8%

Early ambulatory diagnosis Preserved tissue structure 
of the excised material

[25, 26]

OB Invasive Sensitivity 100%
Specificity 100%

Hospital diagnosis Preserved tissue structure 
of the excised material,

[23, 27]

LB Minimally invasive,
Genetic test

Tumor specific DNA,
sensitivity 100%
specificity 100%

Early ambulatory diagnosis, 
monitoring, repeatable.

Need more clinical 
investigation.

[28–34]

CT/MRI guided 
biopsy

Minimally invasive Sensitivity +++
Specificity +++

Ambulatory and hospital 
diagnosis 

Specialist team (orthopedic 
and radiological)

Precisely excised material
[35–37]

Hypercalcaemia Minimally invasive, 
prognostically 

relevant

Low sensitivity and 
specificity

Early diagnosis, assessment of 
progression

[38, 39]

Fig. 2. Algorithm for detection of bone metastases 

Metastatic bone lesion suspicion  (X-ray, CT, MRI)

Liquid biopsy (blood serum) CTCs

Liquid biopsy (bone marrow) DTCs

Diagnosis of Bone Metastases

Other Bone Disease

CT/MRI guided biopsy

Negative

Negative

Negative

 Posit
ive

  

 Positive  

 Positive  
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of tumour. After that, classical invasive biopsies may be 
replaced by liquid biopsies.

The authors declare no conflict of interest.
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Summary
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