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Introduction

Bone metastases usually indicate an advanced stage of
cancer, and surgical treatment is usually palliative.[1]
In 2004, the Scandinavian Study Group reported that
1-year survival was 40% and 3-year survival was 20%
in patients who underwent surgical treatment for non-
vertebral skeletal metastasis.[2]

The aims of surgical treatment are alleviating pain,
restoring function, preventing local progression of the
tumor, preserving the patient's quality of life, and in
some cases, prolonging life.[3] Most of these can be
managed with radiotherapy and medical oncological
treatment. However, it takes a long time to increase the
mechanical strength of the bone and restore function
with radiotherapy, and the risk of fracture persists.[4]
Wedin et al.[5] reported that approximately 20% of the
patients with symptomatic bone metastasis, who were
referred to them, required surgery.

There are important differences between the ap-
proach to non-pathological and pathological bone
fractures. Conventional treatments used in non-
pathological fractures may not be appropriate for
pathological fractures that have occurred or are im-
pending. Pathological fractures are likely to result in
implant failures despite medical treatment or radio-
therapy after classical osteosynthesis techniques have
been applied by targeting the "union” of the bone.
Considering the general condition of these patients,
the treatment applied should outlast the life of the
patient. Thus, surgical treatment may not be the best
approach for every patient. The decision of surgical
treatment is one that the surgeon and the patient must

make together, after considering many factors. When
we examined the literature, we found that the most
important factors were: 1) life expectancy of the pa-
tient, 2) presence of an impending or occurred patho-
logical fracture, 3) histology of the primary tumor,
and 4) location of the metastasis.

1. Life Expectancy of the Patient

Survival primarily depends on the type of the pri-
mary tumor and the visceral tumor burden. Survival
is generally higher in multiple myeloma (average
26.3 months), thyroid (average 26 months), breast
(average 19 months), and prostate cancers (average
18 months). Average survival is generally poorer in
cancers of unknown primary origin and the lungs.
Since orthopedic interventions include a wide range
of surgical options ranging from tumor resection or
prophylactic nailing to megaprosthesis, the answer to
whether surgery is required can be provided by deter-
mining the patient’s life expectancy. For example, if
the expected survival of a patient with a pathological
proximal femur fracture is very short, nailing may be
sufficient for the painless mobilization of the patient
with short operation time and less morbidity; pros-
thesis, on the other hand, may be preferred for a pa-
tient with a longer life expectancy.

Although estimating survival is not always easy and
reliable, survival probabilities for 1, 3, 6, 12, 18, and 24
months after orthopedic surgery can be determined by
PATHFx (www.pathfx.org), which is a validated appli-
cation.[5-8] General treatment recommendations of the
Karolinska University Hospital, depending on the prob-
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ability of survival, may provide valuable suggestions in
this regard.[4] Survival estimation calculated according
to PATHFx is used in these recommendations. Accord-
ing to the recommendations, if the patient has:
Less than 50% chance of living for more than three
months

 Intramedullary nailing for long bone metastases

o No spinal and pelvic surgery
More than 50% chance of living for more than six
months

o DProsthesis instead of intramedullary nailing

o Reverse shoulder prosthesis in the shoulder
More than 50% chance of living for more than 12
months

o Total hip prosthesis in a functional patient

« Wide resection for solitary metastasis of renal

cell carcinoma
o Advanced reconstruction of the vertebra and
the pelvis

The most prominent point in these recommenda-
tions is the use of implants with longer survival (such
as prosthesis instead of nails) and more radical inter-
ventions as survival expectancy increases.

2. Presence of an Impending or Occurred Patho-
logical Fracture

Pathological fractures either take a long time to heal
or often do not heal completely.[9] Therefore, survival
expectancy affects the presence of pathological frac-
tures. Although the literature indicates that surgery is
generally preferred in patients with a life expectancy of
more than six weeks, some studies recommend surgery
to alleviate pain even in patients with very short life
expectancy. The basic aim is to ensure maximum sta-
bility. Ideally, the lesion should be bypassed and me-
chanical load should be transferred to the healthy
bones. The surgery performed should allow immediate
full weight-bearing in the post-operative period and
should require minimal rehabilitation.

In long bone lesions, Mirels’ criteria are commonly
used to decide whether an operation is necessary for
patients who do not have a pathological fracture but
are at risk of one (Table 1).[10] A Mirels’ score of 8 and
above indicates that prophylactic stabilization should
be considered.

Using a score, as in the case of long bones, to eval-
uate impending pathological fractures in the pelvis is
not very useful or possible due to the complex anatomy
of the pelvis. Instead, the functional effect of the tumor
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Table1 The scoring method developed by Mirels[10]
Score Location Radiographic Affected Pain
view bone
width
1 Upper limb Blastic <1/3 Mild
2 Lower limb Mix 1/3-2/3 Moderate
except for
peritrochanteric
3 Peritrochanteric Lytic >2/3  Functional
pain

is evaluated by analyzing the location of the lesion and
cortex destruction.

3. Histology of the Primary Tumor

In general, it has been shown that wide resection of
solitary renal cell carcinoma and thyroid carcinoma
metastases can contribute to survival, although resec-
tion of the tumor with clear borders (e.g., in primary
tumors) is not aimed at metastases.[11,12]

4. Location of Metastasis

The location of the metastatic lesion is one of the most
important factors determining the decision to undergo
surgical treatment. When we searched the orthope-
dic literature, we found that different approaches had
been taken depending on whether the lesion was in the
long bones, vertebra, or pelvis. The consensus regard-
ing the approach to metastatic lesions in long bones is
more than that for the pelvis and vertebra. Operation is
rarely preferred for pathological fractures in the pelvis,
other than at the acetabulum.[1] Case-based solutions
and patient-oriented applications are more common
for pelvic lesions.

Long Bones

The main indications for surgical treatment of metas-
tases in the long bones are pathological fractures that
have occurred or are imminent and pain that cannot be
relieved.[1] The next step for a patient with long bone
metastasis and high life expectancy is to evaluate the
risk of the pathological fracture. The choice of the sur-
gical technique and the implant to be used should be
made depending on the part of the bone the lesion is
located in. Weber et al.[13] proposed the treatment al-
gorithm presented in Figure 1 for long bone metastatic
lesions in the lower extremity.
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Fig. 1. The proposed treatment algorithm by Weber et al. for long bone metastatic lesions in the lower extremity.[13]
PMMA: Polymethylmethacrylate (Bone cement), IM: Intramedullary.
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Fig. 2. Recommended treatment algorithm for pathological fractures in the upper extremity.[17]
PMMA: Polymethylmethacrylate (Bone cement), IM: Intramedullary.

fixationin the distal fragment

Total elbow or distal
humeral prosthesis

« Intra-articular fracture

Single or double
column locking plate
+/- PMMA

Intramedullary nailing is the most widely accepted
method in diaphyseal metastases since they are tech-
nically easy, minimally invasive, and cause less bleed-
ing. Additionally, they are able to withstand the load
of the bones because they are placed along the axis of
the bone. For providing maximum support, the thick-
est nail available should be used, locked proximally
and distally, and the length of the nail should nec-
essarily cover the entire length of the bone. In cases

where normal bone healing is not expected, this is an
important advantage over osteosynthesis with plate
screws and allows early mobilization. Evidence sug-
gests that the use of prostheses in lesions around the
proximal femur and hip involves better pain reduc-
tion and a lower risk of failure.[5] When osteointe-
gration is not expected, a cemented prosthesis should
be preferred. If osteosynthesis is to be performed with
plate screws, absolute stability should be targeted, and
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rigid osteosynthesis should be performed. If there is
a lytic lesion, curettage followed by cementing can be
used for local treatment.

Most of the metastatic lesions in the upper extremity
are found in the humerus. Approximately two-thirds of
the pathological fractures in the humerus are in the prox-
imal region.[14] Metastasis in the scapula is extremely
rare, and most cases can be managed with symptom-
directed medical therapy and radiotherapy.[15] Resec-
tion or total scapulectomy should only be performed as
a last resort. Similarly, metastatic lesions in the forearm
and its distal end are extremely rare. These metastases,
also called acrometastases, generally indicate poor prog-
nosis and an average survival of six months.[16] Since
they are so rare, there is no standard surgical algorithm.
Although it can be managed with conservative treat-
ment whenever possible, surgical treatment should be
decided on a case-by-case basis.[17]

There are some commonly accepted surgical ap-
proaches for the humerus. Voskuil et al.[17] proposed
the algorithm presented in Figure 2 for pathological
fractures in the upper extremity in an article published
in 2021.

Pelvic Metastases

One of the most important factors determining the
treatment of pelvic metastases is the location of the le-
sion. Metastases in the ilium and pubis do not impair
pelvic stability and function. On the other hand, metas-
tases adjacent to the sacroiliac joint and periacetabular
threaten the lumbosacral integrity and hip joint. Ra-
diotherapy is effective in reducing pain in approxi-
mately 60% of patients and is the standard treatment
method in most cases. Capanna and Miiller proposed
the algorithm shown in Figure 3 for conditions that re-
quire surgery, such as the risk of pathological fractures
or persistent pain.[18]

Vertebral Metastases
In vertebral metastases, operative treatment is generally
considered in patients with spinal instability, neurolog-
ical symptoms, or persistent pain. Rapidly developing
neurological deficit is an indication for emergency
surgery. Healing after operations for pathological frac-
tures in the vertebra takes longer than that in the long
bones; additionally, complication rates are also higher.
[19,20] Therefore, patients with a life expectancy of
fewer than three months generally do not benefit from
spinal surgery.[4]

When we examined the literature, we found that
surgery for spinal metastases is more heterogeneous
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Pelvic metastases

« Solitary metastatic lesion - Pathological fracture in the

- Primary with with good prognosis periacetabular area

« 3-year interval after primary - Supra-acetabular osteolytic
diagnosis lesion

—

lliac/pubic Periacetabular
settlement settlement

Marginal or intralesional
resection, and

Wide resection and . Curettage, PMMA

« Total hip prosthesis
- Saddle type
prosthesis

« Total hip prosthesis

« Harrington procedure
« Megaprosthesis

« Saddle type prosthesis

Wide resection only
No reconstructions

Fig. 3. Treatment algorithm recommended by Capanna
and Miiller for conditions requiring surgery such
as pathological fracture, risk of fracture, or per-
sistent pain in pelvic metastases.[18].

PMMA: Polymethylmethacrylate (Bone cement).

than for long bones. For example, Bauer et al.[21] from
the Karolinska Institute reported that they operated
almost only on patients with neurological symptoms.
The scoring method developed by Tomita et al.[22] is
used to decide how aggressive the surgical intervention
will be. Smaller interventions or palliative treatment
are recommended for patients who get a high score by
this method (Table 2).

Table2 The scoring method developed by Tomita et
al.[22]

Primary tumor growth rate Score

Slow (breast, prostate, thyroid) 1

Moderate (kidney, uterus) 2

Fast (lung, liver, stomach,

colon, of unknown primary)

Visceral metastases
None 0
Treatable 2
Untreatable 4

Bone metastases
Solitary 1
Multiple 2

Total score
2-4 En bloc resection
4-6 Debulking surgery
6-8 Palliative decompression
8-10 Supportive therapy
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