
Abstract. – Bone metastases are only ap-
parently similar lesions, considering the large
varieties of istotypes and the spread of the pri-
mary tumour. Although these metastases devel-
op early and are not terminal events, they have
to be considered as severe complications. When
possible, surgical treatment can improve the his-
tory of the patient in terms of life expectancy
and quality of life. The approach to these lesions
should be multidisciplinary in collaboration with
oncologists and radiotherapists. In fact the aver-
age of survival of these patients has increased
in recent years. The evolution of anesthesiologi-
cal techniques permits surgical treatments that
once were considered prohibitive. The applica-
tion of new adjuvant therapies increases the ef-
fectiveness for surgical treatment. Controversy
exists over the most appropriate treatment for
patients with bone metastatic disease. The pur-
pose was to determine the best sequential
process to arrive at the most appropriate treat-
ment considering the individual general condi-
tions and the parameters of the metastases. As
the number of treatment options for metastatic
bone disease has grown, it has become clear
that effective implementation of these treat-
ments can only be achieved by a multidiscipli-
nary approach.
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Introduction

The incidence of bone metastases from carci-
noma is second only to pulmonary and hepatic
metastases1. The most frequently affected seg-
ment of the skeleton is the vertebral column. It is
estimated that more that 10% of tumour patients
develop symptomatic spinal metastases2,3. The
vertebral bodies are reached largely via the blood
stream. Neoplastic substitution of the bone tissue
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causes progressive structural destruction leading
to loss of stability and/or compression of the in-
tracanal nerve structures.

Refinement of the protocols for treating tu-
mour patients has led to a progressive improve-
ment in the prognosis for many tumour histo-
types in terms of increase of life expectancy. As a
consequence, symptomatic bone metastases in
patients without other evidence of disease are in-
creasing and severely affecting the patient’s qual-
ity of life4.

The choice of the most appropriate treatment
is of crucial importance for the patient who may
be severely disabled by the presence of untreated
bone metastases, not only a cause of severe dete-
rioration in the quality of life, but also a direct or
indirect cause of death. The correct treatment of
bone metastases therefore affects life expectancy.
Although there is widespread agreement in the
literature regarding the need to treat symptomatic
metastases, the best treatment protocol to adopt
is still a matter of discussion5.

Bone metastases are an expression of a sys-
temic disease; they therefore require a multi-dis-
ciplinary treatment, integrating radiotherapy,
chemotherapy and surgery6,7. The indications for
surgical treatment are intractable pain, the onset
of neurological deficit (caused by compression of
the myeloradicular structures by the tumour mass
or by the pathological fractures of the vertebra),
and the instability of the segment affected, caus-
ing ingravescent mechanical pain and/or neuro-
logical deficit2,8. The first and most serious
symptom affecting patients with bone tumour is
pain, which is extremely frequent, non-specific
and sometimes non-sensitive even to major anal-
gesic drugs. Bone metastases have different pat-
terns and types of behaviour related to the large
varieties of histotypes and the spread modality of
the primary tumor. Early developed metastases
must be considered as severe complications, re-
quiring a multidisciplinary approach with the
collaboration of oncologists, radiotherapists and
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ered terminal, and therefore not of orthopedic in-
terest, often makes a surgical approach indis-
pensable and urgent, creating problems for the
patient, the relatives and the surgeon. The devel-
opment of aggressive surgical techniques, made
possible by progress in anesthesiology, enables
complete fracture fixation in limbs, allowing de-
compression and adequate stabilisation at all lev-
els of the vertebral column. In addition, “curet-
tage” (“debulking”) or en bloc resection can be
performed with significant results on the local
control of the tumour.

Many factors must be taken into account when
choosing the most appropriate surgical tech-
nique: the patient’s general conditions, the histo-
type of the primary tumour and its sensitivity to
adjuvant treatments, the spread of the disease and
the current neurological conditions1,19. Briefly, a
patient with diffuse neoplastic disease, generally
impaired conditions and incipient neurological
deficit should be treated with palliative decom-
pression and stabilisation followed by radiothera-
py that may noticeably improve the quality of
life. In a patient in good general conditions suf-
fering from a primary tumour with a relatively
positive prognosis and a symptomatic isolated
bone metastases, more aggressive treatment simi-
lar to that for a primary tumour is justified9.

Sioutos et al.14 statistically analysed the factors
influencing the incidence of complications and
the length of survival after surgical treatment of
spinal metastases and showed that this is influ-
enced by the preoperative neurological condi-
tions, the histotype of the primary tumour and
the number of vertebrae involved, but not by the
degree of diffusion of the disease or the age of
the patient. On the basis of these observations,
the Authors recommend careful patient selection.
The literature proposes many preoperative scor-
ing systems to classify patients by creating re-
peatable treatment protocols2,10,19,20. These sys-
tems attribute a score to each parameter and the
sum of these scores suggests the appropriate
treatment. Therefore, the same importance is at-
tached to the various parameters considered in
individual cases. For example, the histotype of
the primary tumour and general conditions of the
patient have the same influence on the final score
and on the decisive choice of the type of treat-
ment. 

We have built up two algorithms: one for treat-
ing spinal metastases and one for limb metas-
tases in which the importance of the parameters
taken into account varies according to when they

surgeons. The evolution of anesthesiological
techniques allows surgical treatments which a
few years ago were considered prohibitive. The
application of new adjuvant therapies increases
the effectiveness of the surgical treatment. Con-
troversy exists over the most appropriate treat-
ment for patients with metastatic disease9,10, con-
sidering the individual general conditions and the
parameters of the metastases11-13.

As the number of treatment options for
metastatic bone disease has grown, it has become
clear that effective implementation of these treat-
ments can only be achieved by a multidiscipli-
nary approach.

The aim of surgery is to relieve the pain, im-
prove functions and stabilise the bone. Another
important target is the reduction of the tumour
mass (debulking) to achieve local control of the
disease and mostly in combination with the other
treatments14. In bone metastases the primary ob-
jective is local control. The longer the follow-up
period, the greater the possibility that the disease
will relapse with a compression of the spinal
cord and/or pathological fractures which could
worsen the clinical neurological conditions. 

Decision Making Process in
Bone Metastases

The first element to be considered in the treat-
ment of bone metastases is the diagnosis15-17. Ex-
cluding a number of lesions that are easily diag-
nosed with instrumental and technical-laboratory
examinations, the majority of tumours require
pathological evaluation. In the bone, a CT-guided
trocar biopsy, performed without invading the ex-
tracompartmental space, seems to be the best
way to reduce the spread of the tumour cells. 

While a systematic approach has been accept-
ed for the treatment of primary tumours18, there
are no accepted guidelines in the treatment of
spinal metastases. Protocols of chemotherapy,
hormone therapy, immunotherapy and radiother-
apy have progressively increased survival for the
majority of patients with solid and hematological
tumours. However, bone fractures and tumour
mass are responsible for pain and severe func-
tional limitations, particularly if nerve roots or
cord compression are affected, which cannot be
controlled by drugs.

Despite these elements, the incorrect convic-
tion of many physicians that a patient with sec-
ondary skeletal localizations should be consid-
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are considered (Figures 1 and 2). Each patient
follows his or her “personal” sequential process
which does not necessarily consider all the para-
meters every time, as some may be irrelevant for
the purposes of choosing the type of treatment.
For example, a patient in poor general conditions
with a high “ASA” score21 is not usually a candi-
date for surgery, irrespective of the histotype of
the primary tumour or the number of secondary
localizations. Therefore, for this patient, the most
important parameter will be the sensitivity of the
tumour histotype to an adjuvant treatment. In the
same way, a patient with acute and ingravescent
spinal cord damage will undergo emergency pal-
liative decompression and stabilization surgery
without considering a more demanding opera-
tion. Finally, we consider the patient not just in
terms of the disease, reducing the choice of treat-
ment to an overly simplistic mathematical score.
Instead, we analyse the case holistically, firstly
considering the individual and his or her general
conditions and only subsequently the parameters
of the metastases.

The Role of Vertebroplasty in
Vertebral Metastases

Vertebroplasty (VP) is a minimally invasive
technique that consists in the injection of poly-
methylmethacrylate cement (PMMA) inside the
vertebral body by percutaneous approach under
radioscopic control or under CT-guide22. Per-
formed for the first time in 1984 by Deramond et
al.23 in France for the treatment of an aggressive
angioma of C2, in these last years it has under-
gone considerable development, extending the in-
dications to the treatment of vertebral metastases.
Tumours inside the vertebra are mostly solid, and
if cement or any other material is injected inside
the vertebra, without having first destroyed or
eliminated the tumour, this is able to enter the ver-
tebral channel or spread around the vertebra, pro-
voking further dissemination of the illness.

An interesting study was performed by Reidy
et al.24 in which the pressure was measured inside
vertebral bodies of cadavers with and without the
presence of adenocarcinoma metastases after VP.
This experimental study showed that the pres-
ence of a tumour determines an increase of pres-
sure of about 8 times inside the vertebral body
and that this notable increase can determine the
exit of tumour material out of the vertebral body,
which is therefore able to enter the epidural

space. The increase in pressure is justified in
terms of a difference of hydraulic permeability of
the neoplastic tissue. The smaller “porosity” of
the tumoral mass prevents and hinders fluid dif-
fusion of the PMMA inside the vertebral body.
This also leads to non-homogeneous distribution
of cement inside the vertebral body. It is also im-
portant to know that if the tumour does not re-
spond to adjuvant therapies and continues to
grow, PMMA can represent an additional prob-
lem if it is necessary to resort to surgery.

An analysis of the literature reveals very few
homogeneous data from the pathogenetic point
of view. Follow-up was very brief in all cases. In
addition, almost all the studies analyzed do not
indicate the percentage of local recurrence, even
if it would be more correct to speak of progres-
sion of disease. It is intuitive that VP does not
determine local control, even if an anti-neoplastic
role of PMMA has been hypothesized25. We be-
lieve that the low incidence of local recurrence is
not due to the tumoral cytolysis from PMMA,
but from the brief survival of these patients. 

In an attempt to achieve local control and to
reduce the migration of the cement inside the
perivertebral vessels, some authors have pro-
posed the use of combined tumoral thermo-abla-
tion through radio frequency with VP26. This al-
lows not only the thermal destruction of the tu-
mour, which is also not completely shown histo-
logically, but also the thrombosis of the periver-
tebral venous plexus. There may be some
changes of the physical properties of the tumoral
mass and the hydraulic permeability, with conse-
quent reduction of the pressure following VP and
therefore a smaller risk of spillage of PMMA.
Already for example used widely in the oncolog-
ical field for the treatment of non-resectable liver
tumours, and in muscle-skeletal diseases for the
treatment of osteoid osteomas, this method
could, in the future, be used to treat skeletal
metastases. There are no studies in the literature
on the histological modifications following ra-
diofrequency but the validity of this methodolo-
gy, considering bony metastases, consists in the
reduction of pain27,28. The most dangerous com-
plication of this method is thermal cytolysis of
the nervous structures. However, it seems that a
safety border level against neural structures ex-
ists if the back cortical wall is entire29; the pres-
ence of cortical bone, in fact, leads to a consider-
able decrease in temperature. In reality, the Au-
thors believe that the presence of cerebrospinal
fluid is sufficient between the tumoral mass and
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Figure 1.
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the spinal cord to prevent any thermal damage,
even if they advise against the use of thermo-ab-
lation in cases of wide vertebral osteolysis with
invasion of the back vertebral wall. 

An algorithm has been proposed also for the
treatment of vertebral fractures in oncological
patients30 where, besides VP and the kyphoplas-
ty, radiotherapy, decompression and surgical sta-

bilization are also proposed as treatment alterna-
tives. Kyphoplasty is preferred to VP if integrity
of the back cortical wall of the vertebral body is
lacking or when this involves kyphosis greater
than 20°. It should be noted that a histological di-
agnosis of the lesion is not possible in every pa-
tient , and that there was no distinction between
plasmacytoma and vertebral metastases fractures. 
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We agree that there is a high incidence of
greater complications in patients with vertebral
metastases, in comparison with patients affected
by vertebral osteoporotic collapse31. The most
frequent type of complication is surely an
asymptomatic leakage of cement to the outside
of the vertebra, varying from 2% to 73%26. The
leakage of cement inside the vertebral channel or
to foraminal level is frequent, in the metastatic
vertebrae, if there are some defects of the back
wall or a trabecular pedicle. An absolute con-
traindication exists in the presence of coagulation
problems, local or general infectious state, symp-
tomatic cord compression or serious cardio-res-
piratory problems26. 

We believe that when treating metastatic skele-
tal lesions and vertebral lesions in particular, a
multidisciplinary treatment is needed, in which
radiotherapy, chemotherapy and surgery must
combine in order to achieve local control of the
lesion5-7,32. Surgical treatment of vertebral metas-
tases must consider: life expectancy, the need to
guarantee good function while limiting the pain
and the possibility of associating adjuvant thera-
pies and the demand for appropriate local con-
trol. VP for the treatment of the vertebral metas-
tases is a method that, despite a low morbidity
and good post-operative control of pain, does not
allow local control; moreover, it can determine,
even in the absence of valid scientific tests, a dis-
semination of the illness to pulmonary level. As-
sociation with radio frequency seems to be able
to obviate these problems, at least in part, even if
there are no scientific tests of its full validity. VP
can thus be very useful if there is a good re-
sponse from the tumour to the adjuvant therapies
with complete tumour “sterilization”, determin-
ing nevertheless the permanence of an osteolysis.
We believe that in such cases VB can be of value.
In addition, when faced with a plurimetastatic
patient in terminal phase VP can be used for
analgesic purposes. 

In the future, the indications for VP could in-
crease if it is associated with methods that can
sublimate or in any case to first destroy the tu-
mour.

Flow-Chart for Multidisciplinary
Management of Bone Metastases 

Without considering all the clinical and instru-
mental examinations which the patient undergoes
on admission and forming part of preoperative

staging, our treatment algorithm begins with di-
agnosis of bone metastases.

The first assessment must be performed by the
anaesthetist who must decide whether the patient
is operable or not.

If the patient is not operable due to a high
ASA score, non-surgical options are considered.
Next, the sensitivity of the tumour histotype to
adjuvant therapies (CHT, RXT, hormonal, …) is
considered. If the tumour does not respond to any
form of treatment, the only option for the patient
is pain relief.

Vertebral Metastases (Figure 1)
If the patient is operable, the severity of spinal

cord compression and neurological damage is
evaluated by means of the Frankel score. If there
is neurological deficit or paralysis, the possibility
of recovery is evaluated on the basis of time from
symptom onset.

Finally, if the neurological recovery of the pa-
tient is not possible, sensitivity to adjuvant treat-
ments is re-evaluated. However, if the patient has
acute and ingravescent spinal cord damage,
emergency surgery is performed.

If there is no deficit or the damage is recover-
able and stable, sensitivity to adjuvant treatments
is evaluated. If the tumour histotype is not sensi-
tive and there is only a single metastasis, resec-
tion of the lesion is chosen. 

However, if there are multiple metastases and
they are treatable, the choice is decompression
and stabilization. If they are not treatable, only
pain relief is administered.

When there is no deficit or the damage is re-
coverable and not ingravescent and the tumour is
sensitive to some form of adjuvant treatment,
pathological fracture (actual or impending) is
evaluated. This parameter is, in fact, decisive in
orienting the choice towards either surgical treat-
ment with compression and stabilization or adju-
vant treatment only.

Resection of the tumour may be performed en
bloc with a wide margin or through debulking.
Generally speaking, en bloc removal is suggested
for hypervascularized tumours, metastases from
renal cell carcinoma and from sarcoma and the
cases in which this type of operation is easy to
perform.

Appendicular Skeleton Metastases (Figure 2)
If the patient is operable, it is necessary to

evaluate the presence (or risk) of a pathological
fracture, whether the metastases is isolated, and
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the location of the metastases in the skeletal seg-
ment. Depending on these factors, various thera-
peutical options will be considered, from resec-
tion and reconstruction, to pinning with or with-
out cement.

Conclusions

Appropriate surgical treatment of bone metas-
tases and tumours in general has now become an
integral part of the correct approach to the tu-
mour patient.

The evolution of anesthetic techniques now al-
lows correct treatment of spinal metastases, both
dramatically improving the quality of life and al-
so prolonging the patient’s life expectancy, pro-
tecting him or her from the complications of
these lesions, often either directly or indirectly
fatal.

In the majority of cases, it is therefore possible
to restore or maintain movement, sensitivity, dig-
nity and hope, as well as controlling pain, reduc-
ing the use of adjuvant and analgesic treatments.

The surgical indication for spinal metastases
must consider:

– the life expectancy of the patient; 
– the need to improve function and to limit pain;
– the need for complete local control;
– the possibility of associating adjuvant treat-

ments to improve the efficacy of the treatment,
reducing morbidity.
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