
Abstract. Background/Aim: The surgical treatment of patients
with bone metastasis of the extremities poses a set of unique
challenges. We aimed to highlight common hazards when
treating pathological fractures as well as hazards surrounding
assumptions on metastatic status and life expectancy. Materials
and Methods: This systematic literature review includes studies
published from January 1, 1985 to May 7, 2021. Published
articles were surveyed using PubMed. Of 99 studies, 32
original articles were found to meet the inclusion criteria. The
PRISMA guidelines were used to select articles. Results:
Current literature reports a variety of common pitfalls. In order
to avoid pitfalls, it is essential to secure the diagnosis.
Furthermore, life expectancy must be given consideration when
planning surgical therapy. In addition, a well-functioning
multidisciplinary team is needed to coordinate further options
such as radiation or embolization. Conclusion: Despite the fact
that the surgical principles for treating bone metastases of the
extremities are often to the point, incorporating all the nuances
of treatment is a meticulous procedure. 

A pitfall is an imperceptible hazard that often produces
unforeseen difficulties and an unwanted result (1). Treating
patients with metastatic disease means circumnavigating
numerous potential pitfalls, many of which stem from the
physician’s bias when treating patients with “palliative”
intent (1). In some cases, metastatic cancer of the bone

requires consideration similar to primary sarcomas of the
bone, while in other cases the palliative aims are obvious (1).
The literature reports that approximately four million people
experience bone pain from a malignant disease (2), with
metastatic bone pain being one of the major complaints (2,
3). Additionally, bone metastases are a leading cause of
comorbidity, characterized by pain, pathological fractures
(impending and complete), impaired mobility, and potential
neurological compromise (4). 

The spread of malignant cells from the primary tumor to
other sites proceeds in a number of highly selective steps known
as the metastatic cascade (5). Only 0.02% of malignant cells
that enter the bloodstream are estimated to result in clinically
detectable metastases (6). Histopathologically, the metastatic
cascade commences when malignant cells are released by the
primary tumor (5, 7). These cells subsequently invade healthy
tissue and pass into the bloodstream by traversing the basal
membrane of blood vessels or lymphatics (5, 7). The malignant
cells leave the vessels and settle in a new organ away from the
primary tumor, where they form metastases (5, 7). 

When bone metastases are established, median survival is
reported to range from two to three years in breast cancer, two
years in prostate cancer, and not even one year in lung cancer
(8). However, it can also be substantially shorter, for example
six months in melanoma, six to seven months in lung cancer
or six to nine months in bladder cancer (5, 9-13).

According to the literature, the lung, the liver and, in third
place, the bone are the most frequent sites of metastasis (9).
Prostate and breast cancer cause up to 70% of skeletal metastases
(3, 10). Bone metastases can occur on their own or together with
visceral metastases; patients with bone-only metastases are
reported to have best survival (11, 12). Nevertheless, bone
metastases can also present as the first evidence of metastatic
disease (14). Despite the fact that metastatic disease is most
commonly seen in older patients (>40 years) with bone lesions,
primary bone sarcomas and most frequently chondrosarcoma must
also be taken into consideration (1). Therefore, while a diagnosis
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and workup should be established for an unknown primary cause,
each patient requires an individual approach (1, 13). 

Due to its clinical importance and potential to cause
complications, the treatment of bone metastases requires a
multidisciplinary approach involving orthopaedic surgeons,
oncologists, radiologists, and radiotherapists (15). 

This study aimed to identify possible pitfalls and
complications in the diagnosis and surgical treatment of bone
metastases.

Materials and Methods
A sweeping literature search was undertaken and all studies
published between January 1, 1985, and May 7, 2021 were
examined. PubMed was the main database for the literature search.
Additional potentially matching studies were pinpointed by cross-
searching the referenced articles in terms of backward and forward
citation. The review was conducted in keeping with the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) guidelines (16). Therefore, the titles and abstracts in
Pubmed were surveyed with the following search string: orthopaedic

OR orthopedic AND bone metastasis OR skeletal metastasis AND
treatment OR diagnostic OR management. Two authors separately
checked the published studies by title and thereafter by the abstract.
Of these publications, all reviews, recommendations or guidelines
reporting diagnostic and treatment principles for bone metastasis of
the extremities were included. Furthermore, studies in English and
German were included. Finally, only articles with full text were
considered. Table I gives the characteristics of all cases. The
flowchart for the literature analysis is given in Figure 1. 

Results

Altogether, 99 studies were singled out. Based on the
inclusion and exclusion criteria, 32 were determined to
qualify for analysis and were analyzed according to a)
diagnostic assumptions, b) estimated life expectancy, c)
disease-specific treatment and d) operative considerations. 

Diagnostic assumptions. Successful management of bone
metastases requires a correct and detailed diagnostic workup
(17, 18). Therefore, it is necessary to highlight different
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Table I. Detailed study characteristics of included publications.

ID                           Study                                 Year                              Region                             Country                           Study type                        LoE

1                  Soeharno et al. (21)                     2018                            Australia                           Australia                       Review article                       5
2                   Johnson et al. (41)                      2019                       North America                          USA                          Review article                       5
3                  Guerrieri et al. (42)                      2020                              Europe                                Italy                           Review article                       5
4                   Ahmed et al. (40)                       2019                       North America                          USA                          Review article                       5
5                   Manabe et al. (35)                      2005                                Asia                                 Japan                          Review article                       5
6                   Shibata et al. (26)                       2016                                Asia                                 Japan                              Guideline                         n.a.
7                    Errani et al. (48)                        2017                              Europe                                Italy                           Review article                       5
8                   Cheung et al. (22)                       2014                       North America                          USA                          Review article                       5
9                  Agarwal et al. (32)                      2015                                Asia                                  India                          Review article                       5
10                   Liska et al. (37)                        2018                              Europe                            Germany                       Review article                       5
11                 Bryson et al. (23)                       2015                              Europe                                 UK                           Review article                       5
12                Capanna et al. (38)                      2014                              Europe                                Italy                        Recommendation                   n.a.
13                Malviya et al. (36)                      2012                              Europe                                 UK                           Review article                       5
14                 Molloy et al. (28)                       2013                              Europe                              Ireland                         Review article                       5
15                   Hage et al. (19)                         2000                       North America                          USA                          Review article                       5
16                  Weber et al. (25)                        2010                       North America                          USA                          Review article                       5
17                Swanson et al. (31)                      2000                       North America                          USA                          Review article                       5
18                 Bhamra et al. (27)                       2012                       North America                          USA                          Review article                       5
19                Schmidt et al. (29)                      1995                       North America                          USA                          Review article                       5
20                   Jehn et al. (20)                         2016                              Europe                            Germany                       Review article                       5
21                Szendrői et al. (34)                      2017                              Europe                             Hungary                       Review article                       5
22                 Bickels et al. (30)                       2009                                Asia                                  Israel                          Review article                       5
23              Ratasvuori et al. (39)                    2013                              Europe                              Finland                        Review article                       5
24                Ruggieri et al. (24)                      2010                              Europe                                Italy                           Review article                       5
25                  Gupta et al. (17)                        2019                                Asia                                  India                          Review article                       5
26                   Isaac et al. (33)                         2020                              Europe                                 UK                           Review article                       5
27              Willeumier et al. (18)                    2016                              Europe                          Netherlands                     Review article                       5
28                  Kohno et al. (43)                       2008                                Asia                                 Japan                          Review article                       5
29                 Tillman et al. (44)                       1999                              Europe                                 UK                         Recommendation                   n.a.
30               Haentjens et al. (45)                     1993                              Europe                             Belgium                       Review article                       5
31                 Damron et al. (46)                      2000                       North America                          USA                          Review article                       5
32              Beauchamp et al. (47)                   2000                       North America                          USA                          Review article                       5

LoE: Level of evidence; n.a.: not applicable.



scenarios in which the orthopaedic surgeon may be
confronted upon bone metastasis (19). 

Bone metastases in patients known to have a primary
tumor can be asymptomatic and are found during staging or
may present with pain or even pathological fractures (19,
20). It is a potential pitfall to assume that a lesion would be
a metastasis. Because of this, confirmation of the diagnosis
by biopsy is a must for any solitary lesion in a patient known
to have a cancer disease (18, 21-24). The biopsy can be
taken with a core needle or openly (25, 26). This should
always be performed in accordance with the principles of
musculoskeletal tumor biopsy as well as at an institution that
is able to provide definitive disease treatment, as
inappropriate biopsy performance can have a significant
impact on the following procedure (22, 24). The biopsy
pathway should be chosen to allow subsequent wide
resection in tumor-free tissue and not adversely affect further
limb surgery (22, 24). Therefore, in the case of a CT-guided

needle biopsy, good communication between the performing
radiologist and the orthopedic surgeon is paramount to avoid
any discrepancy between the biopsy route and the planned
surgical approach (24). In open biopsy, every effort should
be made to prevent dissemination of possible cancer cells.
For this reason, it is important to choose a direct approach
by applying a longitudinal incision parallel to the underlying
compartment, using a muscle-splitting technique, and
ensuring good hemostasis before wound closure (22, 24).
Additional histological confirmation can be omitted only
when multiple lesions and carcinoma with a high risk of
metastasis are present (18). 

In addition to the scenario mentioned above, patients can
also present with pain caused by a destructive bone lesion
without known primary (19, 20, 27). In this case, a bone
lesion of unknown etiology is considered a primary bone
tumor until proven differently (18, 21). In the case of a
fracture, it is always necessary to determine whether it was
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Figure 1. PRISMA flow chart showing study selection process.



caused by a related trauma or not (27). Pathological fractures
are causally related to low-energy injuries and predominantly
show a lytic lesion in the radiograph, which weakens the
cortical bone (27). Failure to recognize the underlying
problem combined with rushed surgical treatment of the
fracture can have fatal consequences during further treatment.
Therefore, highest priority is given to diagnostic workup
rather than to rapid surgical treatment of the fracture (23).
Although sensitivity for detecting small metastases is limited,
x-rays of the symptomatic bone and surrounding joints should
always be performed (21, 22, 28, 29). It is essential to avoid
missing proximal or distal metastases, as this can cause
pathological fractures in precisely those areas when full
weight bearing is applied after surgical fixation (30). 

Radiologically, the characteristics of such lesions can be
described as osteoblastic, osteolytic or mixed lytic-sclerotic
and may hint at the possible primary (20, 21, 23, 28, 31, 32).
While metastases due to prostate carcinoma are mostly
osteoblastic, the bony lesions of lung, thyroid or renal
primaries usually appear to be osteolytic (21, 23, 25, 31). By
contrast, breast cancer metastases often show a mixed picture
with lytic and sclerotic elements (21, 23, 31). Additional
three dimensionality of the anatomical sites as well as higher
resolution are given by CT and magnetic resonance imaging
(MRI) (20-22, 25, 27, 33). CT allows accurate visualization
of cortical integrity and consequently assists in the
evaluation of cortical bone destruction (20, 25, 28, 33, 34).
As previously mentioned, CT can also be useful in localizing
the lesion in the setting of a percutaneous biopsy (20, 21). 

With 91% sensitivity and 95% specificity, MRI is well suited
to detect small bony metastases (21, 26, 28). In addition, it
provides valuable information about the extent of intramedullary
as well as extraosseous soft tissue involvement, which helps in
planning surgical and radiation therapy (20, 21, 32, 33). 

Total-body scinti-scanning with technetium-99m is another
diagnostic tool. It is a relatively inexpensive procedure that
examines the entire body and is therefore suitable for
determining the bone dissemination status in the initial staging
of cancer disease and follow-up of disease-free patients (20-
25, 27, 28, 30, 32). The principle is based on tracer uptake in
areas of increased bone turnover rates, corresponding to
elevated osteoblastic activity (20, 21). However, a number of
other etiologies, such as inflammation, infection or trauma,
may also result in tracer uptake (20). On the other hand, it
should always be remembered that osteolytic metastases can
give false-negative bone scans (20, 21).

Thanks to its increasing availability as well as improved
sensitivity and specificity compared to scintigraphy, positron
emission tomography-CT (PET-CT) is increasingly used
(18). In addition, visceral disease locations are also revealed
by PET-CT (18). When PET-CT is not available, the thorax,
pelvis and abdomen should be examined by CT as part of
staging to determine visceral dissemination (18, 27).

Life expectancy. Surgical treatment procedures in the setting of
bone metastases aim to alleviate pain by bringing a local tumor
under control and by maintaining or improving the patient's
quality of life while reducing the risk of complications (21, 31,
35, 36). The choice of surgical procedure should strongly
reflect the patient’s estimated life expectancy (20, 21, 24, 37).
Since life expectancy is multifactorially influenced, its
estimation is a challenge (21, 22). 

Many scores are available to calculate the patient’s life
expectancy. Thus, the Bayesian Belief Network (BBN)
model serves as a tool in the decision-making process
underlying surgical treatment by using clinical criteria to
estimate the expected postoperative life span of patients with
bone metastases (17, 21, 38). The probability of survival at
three and 12 months is calculated (17, 21, 38). The
significant factors influencing survival prediction for three
months were the orthopaedic preoperative estimate of
survival, Eastern Cooperative Oncology Group (ECOG)
Performance Status, the concentration of hemoglobin, the
absolute number of lymphocytes, and whether or not the
patient has a pathological fracture (38). In contrast, the
significant influencing factors in the 12-month model were
orthopedic surgeon's estimate, hemoglobin concentration,
how many bone metastases were identified and the type of
primary tumor (38).

zThe final surgical procedure should always be selected
for the individual patient (21). Underestimating life
expectancy may result in failure to fix pathological fractures
and hence may additionally be associated with significant
limitations on quality of life. Therefore, no matter what
fixation device is used it should be durable enough to ensure
that it will survive the patient so as to avoid unnecessary
reoperations necessitated by hardware failure (28, 31, 39).
Patients who are expected to survive longer should receive
more aggressive treatment including wide resection and
large-scale prosthetic reconstruction (24, 38). However, life
expectancy should not be shorter than the combined duration
of recovery and rehabilitation (18).

Bone metastases as a result of lung cancer or melanoma
usually occur in multiple forms and show the worst outcome
concerning survival, with an average survival of less than one
year (34). While the one-year survival rate shown in studies for
breast or renal cell carcinoma with operated bone metastases
is still between 45% and 59%, this figure drops sharply to 8%
and to 20% within the first five years (34). For patients with
systemic disease affecting the bone, such as multiple myeloma
or non-Hodgkin’s B-cell lymphoma, survival rates at 5 years
have been reported to be 34% and 64%, respectively (25).

Disease-specific treatment. Metastatic bone disease in
patients with pathological fractures should be managed by a
multidisciplinary team including oncologists, radiotherapists,
surgeons, and physical therapists (20, 23, 38, 40). In addition
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to tumor type, treatment strategy for bony metastasis
depends on the clinical features and includes further
treatment options in addition to surgery (22).

Radiation therapy is a key adjunct in the management of
metastatic disease patients and can also be used as monotherapy
(21, 23). External beam radiation is commonly used to palliate
pain from bone metastases, with one-third to 60% of patients
experiencing complete pain relief (17, 21, 23). In this context,
reviews recommend 8 Gy given in one dose (21, 28). 

Postoperatively or in patients with pathological fractures,
radiation may also be helpful to prevent recurrence or
progressive bone destruction (22, 24). However, incomplete
irradiation of the surgical field should be avoided in order to
rule out the development of periprosthetic metastases (22,
23). Despite the positive effects mentioned in the therapy of
bone metastases, dose-dependent systemic and local side-
effects must always be considered. It should be noted that
some metastatic lesions of carcinomas, such as renal cell
carcinoma, are relatively resistant to radiation (25, 31). 

Highly vascularised bone metastases occur especially in
renal and thyroid carcinoma (21, 25, 36). To minimize
intraoperative blood loss in these cases, angiographically
selective arterial embolization is recommended
preoperatively (21, 25, 30, 38). Special care should be taken
to embolize each feeding vessel of the bone lesion, as
incomplete devascularizations have been documented to
result in significantly higher intraoperative blood loss and
transfusion requirements (21). In addition, embolization
should be performed no more than 24 to 48 hours before
surgery to minimize the risk of revascularization (41).

Because the receptor-activated nuclear factor kappa-B ligand
(RANKL) attracts tumor cells to the bone to produce more
RANKL, this increases osteoclast activity, leading to accelerated
bone destruction (17). Bisphosphonates are available as an anti-
resorptive drug therapy option that inhibits osteoclast function
and induces their apoptosis (20, 30, 42). As bisphosphonates
have been demonstrated to induce recalcification of lytic
metastases, thereby reducing pain and the development of
further lesions, they are standard treatment in breast cancer and
multiple myeloma (21). Zoledronic acid and pamidronate have
both been shown to induce a 30% reduction in skeletal
morbidity, diminish the incidence of skeletal-related events
(SRE) and significantly prolong time to first SRE in such
patients (17, 20). However, rapid or high-dose intravenous
application of bisphosphonates has been linked to osteonecrosis
of the jaw and renal dysfunction (30). Furthermore, denosumab,
a monoclonal antibody that binds to RANKL, can be used to
inhibit osteoclast-mediated bone resorption (17). Denosumab
has previously been seen to significantly inhibit the
development of SRE in connection with bone metastases (21).
Overall, initial therapy with bone-targeted agents is
recommended immediately when bone metastases are detected
with the aim of delaying time to first SRE (20).

Operative considerations. Although no strict surgical
guideline prevails for skeletal metastases, consideration should
be given to medical, clinical, radiological, and surgical factors
together with the natural biology of the primary tumor as well
as in the decision-making process (28). Surgery for metastatic
disease calls for well-founded data on patient survival, and the
main goals should be alleviation of pain, functional
rehabilitation, and enhancement of quality of life rather than
simple extension of lifetime (43). Careful diagnostic workup,
preoperative examination, planning, and multidisciplinary
cooperation by specialists in pathology, radiology, oncology,
orthopaedics and trauma medicine are mandatory in the
management of bone metastases (23, 25, 44).

Pathological fractures are a clear indication for surgery
with internal fixation, even when disease is advanced. In
selected patients with advanced disease imminent fracture of
a long bone can call for prophylactic fixation and subsequent
postoperative radiation therapy (20, 45). In general, some
simple rules on how to treat metastatic disease are
recommended in the published literature (46):

1) The patient’s prognosis should surpass the expected
recovery time following surgery.

2) All regions of weakened bone, as well as any that may
subsequently become weak, should be addressed in the
intervention.

3) The applied fixation should permit prompt, full weight
bearing and the orthopedic implant must outlast the
patient’s life expectancy.

4) Post-operative radiotherapy should be considered for all
patients.

When it comes to metastases of the extremities, surgical
treatment involves the possibility for manifold pitfalls.
Assuming a lesion to be metastatic although it is a primary
tumor might be one problem (47). Inadequate internal
fixation might be another, as patients whose life expectancy
is viewed in months should not have to live out their life
with the consequences of poor internal fixation (47). The
consequences of underestimating metastatic disease and its
biological behavior may be catastrophic as metastatic lesions
can be exceedingly vascular, which can be fatal if not
recognized (47). Hasty surgical procedures can be a further
source of error. A patient who presents with a pathological
fracture requires prompt investigation, not prompt fracture
management. Diagnosis must be established before surgery
(47). All these pitfalls are avoidable by ensuring careful
diagnostic workup, preoperative investigation, planning as
well as multidisciplinary input from specialists. 

Discussion

Management of metastatic bone lesions can be challenging and
the possibilities for pitfalls and errors are numerous. Beauchamp
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et al. identified main causes of mistakes made in the treatment
of bone and soft tissue neoplasms, stating that in almost one out
of five patients with a bone or soft tissue neoplasm that patient’s
prognosis or outcome will be negatively influenced by a biopsy
that is poorly planned, a diagnosis that is missed, or a surgical
procedure that is otherwise ill-suited (47). One major source of
error can be assuming a lesion to be metastatic when it is
primary, possibly resulting in widespread contamination as a
result of the surgical treatment. Therefore, a bone lesion whose
etiology is unknown should be deemed a primary bone tumor
until proven differently (18, 21).

Metastatic bone disease patients still commonly receive
treatment at community hospitals (48, 49). However, such
patients need to be referred to tertiary tumor centers, and
orthopaedic oncology surgeons need to be familiar with how to
manage patients with metastatic disease (22, 24, 48, 50). It is
essential that orthopaedic oncology surgeons be called in early
enough and not after a pathological fracture has already
occurred (50). Early treatment, pain management, and
functional amelioration are of utmost importance for cancer
patients, particularly those with only a short time to live (48,
50). Therefore, not knowing when to refer a patient could be
another source of error (51). The correct diagnosis has to be
established first and any requisite investigations have to be
conducted before the fracture is surgically repaired (51-54). The
diagnosis must be established with certainty before the patient
undergoes surgery. For patients presenting with primary bone
lesions, limb salvage is the main goal (47).

The patient’s anamnesis should be taken carefully, the
fracture pattern closely examined, and the possibility of a
malignancy should always be considered (47). X-rays of the
symptomatic bone and surrounding joints should always be
performed in first line (21, 28). CT allows accurate visualization
of cortical integrity and thus assists in the evaluation of cortical
bone destruction and can be useful in localizing the lesion in
the setting of a percutaneous biopsy (20, 21, 25, 28, 34). MRI
is well suited to detect small bony metastases and provides
valuable information about the extent of intramedullary as well
as extraosseous soft tissue involvement (20, 21, 28). PET-CT is
a well-established diagnostic tool and can additionally provide
information on visceral disease locations (18).

When it comes to surgical fixation, the goal has to be a
fixation that is durable, rigid, and stable and that allows
prompt, full weight bearing. Moreover, the life expectancy of
the orthopedic implant must exceed that of the patient (46, 47).
Instead of choosing a surgical technique that calls for protected
weight-bearing endoprosthetic replacement, allowing
immediate weight bearing should be preferred (55). In addition
to the patient’s preoperative neurological and performance
status, the decisive factors are how aggressive the primary
tumor is and how long the patient can be expected to live (20,
56). However, if overall survival is estimated to be prolonged,
more aggressive interventions are justified. The use of internal

fixation devices and prostheses have made a great contribution
to the surgical management of pathological fractures (28, 57).
Every patient deserves an evaluation that optimizes his chances
to achieve the desired expectations and outcomes of surgical
treatment while reducing morbidity to a minimum (1, 47). 

In conclusion, treating a patient without having a secure
diagnosis or without considering the possibility of malignancy
is a fundamental source of error that will lead to a pitfall and
may affect the life expectancy of the patient. Therefore, it is
absolutely mandatory that each patient undergo an evaluation
that optimizes his chances to achieve the wanted life
expectancy and surgical outcome while reducing morbidity to
a minimum. Treating patients with metastatic disease requires
careful examination, a systematic and planned approach and
should be managed and coordinated in a multidisciplinary
team and a specialized tumor center. 
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