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ABSTRACT

The evaluation of musculoskeletal tumors requires a close interaction between the
orthopedic oncologist, radiologist, and the pathologist. Successful outcome can be achieved
in a considerable number of patients by following the appropriate diagnostic strategies and
staging studies. The aim of this article is to outline the presentation, imaging, and staging
of the primary and metastatic bone and soft tissue tumors. Some of the image-guided
interventions for these tumors are also presented.
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Objectives: Upon completion of this article, the reader should be able to identify the appropriate diagnostic studies and staging

strategies for the treatment of bone tumors.
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Musculoskeletal tumors are a rare and diverse
group. Sarcomas of the bone and cartilage comprise only
�0.5% of all malignancies in humans. Their incidence is
considerably higher in children than adults. The inci-
dence of soft tissue sarcomas is 3 to 4 times higher, and
the majority of these cases are seen after the fifth decade.
Benign bone and soft tissue tumors are 100 times more
common than malignant tumors, with an overall inci-
dence of �300 per 100,000 population.1 The incidence
per year of breast, prostate, and lung cancers in the
United States of America is nearly 180,000 to 200,000
each, reflecting the low incidence of primary bone and
soft tissue tumors. As the survival of patients with

carcinomas is gradually extending, presentation with
bone metastases will also rise.

A general orthopedic surgeon or radiologist in the
community may encounter only few cases of bone
tumors per year. Patients with an unknown musculos-
keletal tumor should be referred to a specialist center,
because the cases are managed in close interaction
between the orthopedic oncologist, radiologist, and the
pathologist, and the outcomes are superior.2 This ap-
proach will often eliminate unnecessary diagnostic stud-
ies and inappropriate and inadequate biopsies, which
may delay the diagnosis and adversely affect the out-
come.
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PRESENTATION
Malignant bone tumors are painful because as the bone
architecture is destroyed, the weakening leads to micro-
fractures, causing pain. In children, presentation with
pathological fracture without prior symptoms often in-
dicates a benign lesion (i.e., bone cyst) that has gradually
weakened the cortex, resulting in a fatigue fracture.
Same clinical picture in the elderly suggests invasion of
bone by lytic metastasis or, in some cases, metabolic bone
disease such as hyperparathyroidism. Malignant soft
tissue tumors most often present as a painless enlarging
mass and occasionally with pain due to pressure on
surrounding tissues (e.g., nerves) or due to erosion of
an adjacent bone.

Patients with spinal tumors most often present
with axial pain and some with radicular pain (if the
tumor extends to and compresses the nerve roots). Fewer
present with cauda equina syndrome, a condition more
often seen in metastatic disease and in rapidly growing
primary tumors. Although a majority may present with
axial or radicular pain, about a third present with a motor
deficit. Only a small percent have bowel/bladder sphinc-
ter dysfunction.3

When evaluating a primary bone tumor, age of
the patient is an important parameter. In young children
(<5 years), bone lesion with a soft tissue mass are more
likely osteomyelitis or Langerhans cell histiocytosis,
rather than a primary malignant bone tumor. Less likely
are Ewing’s sarcoma, metastasis from neuroblastoma, or
involvement by leukemia. The peak incidence of primary
osteosarcoma occurs in the second decade of life, which
corresponds to the maximal period of skeletal growth. In
patients over 50, myeloma or metastases are much more
likely, although chondrosarcoma and secondary osteo-
sarcoma (due to osteonecrosis, radiation, etc.) are the
primary bone malignancies. Most soft tissue sarcomas
tend to occur in the older population, and rhabdomyo-
sarcoma and synovial sarcoma tend to occur in children
and adolescents.4

Pertinent information from the history includes
night pain/rest pain and increase in the size of a mass.5

Night pain is less likely in a stress reaction/fracture.
Similarly, recent or subacute trauma raises the suspicion
of a hematoma or myositis ossificans. Other causes of
bone lesions, such as metabolic disorders and avascular
necrosis from steroid use, should be pursued in the
history.

LABORATORY STUDIES
Routine screening tests such as a complete blood count
and basic chemistry panel rarely help with the diagnosis
of a musculoskeletal tumor. The erythrocyte sedimen-
tation rate may be helpful to exclude infection. How-
ever, Ewing’s sarcoma, Langerhans cell histiocytosis,
leukemia, and lymphoma may also cause an elevated

erythrocyte sedimentation rate.6 Tumors involving the
bone and causing bone destruction may cause elevation
of serum alkaline phosphatase. This can also be found
due to bone injuries, recent surgery, and in Paget’s
disease of the bone. Elevated serum lactate dehydro-
genase is sometimes found in large, high-grade tumors
that are necrotic.

DIAGNOSTIC IMAGING
Despite more sophisticated imaging modalities, the
diagnosis of many bone tumors can be made based on
plain radiographs. Analysis of plain radiographs for
periosteal reaction, junction of the lesion with the host
bone, cortical disruption, matrix of the lesion and site,
and the number of the lesion(s) in skeleton can further
direct the diagnosis.

Most benign bone tumors arise in the metaphyses
of long bones (e.g., nonossified fibroma, unicameral or
aneurysmal bone cysts, and osteoblastoma). Osteosarco-
mas involve metaphyses of long bones, especially around
the knee. The differential diagnoses of a lytic epiphyseal
lesion in a child are chondroblastoma, clear cell chon-
drosarcoma, or infection. After the growth plate closure,
it is most likely a giant cell tumor. Fibrous dysplasia and
round cell tumors frequently present as diaphyseal le-
sions. Certain tumors have a predilection for certain
sites, such as in the tibia for adamantinoma or chon-
dromyxoid fibroma; sacrum for metastases, myeloma,
chordoma, and giant cell tumor; posterior aspect of the
distal femur for parosteal osteosarcoma. Within the axial
skeleton, the vertebral body is a common site for meta-
stases, hemangioma, and myeloma and the posterior
elements involved by osteoid osteoma, osteoblastoma,
and aneurysmal bone cyst.7

Polyostotic lesions in children could be due
to osteochondromatosis, fibrous dysplasia, Langerhans
cell histiocytosis, chronic multifocal osteomyelitis, Ollier
and Maffucci diseases, lymphoma, and metastases. In
older patients, myeloma and metastatic disease should be
high on the list.

Plain radiographs are not as helpful in the diag-
nosis of soft tissue tumors as in bone tumors. Soft tissue
calcifications, if smooth and round, can be suggestive of a
hemangioma, whereas if coarse and sparse, could be
found in the central necrotic areas of sarcomas.

Following the initial plain radiograph evaluation,
further analysis can be done with computed tomography
(CT) scans or magnetic resonance imaging (MRI), to
delineate the extent of the tumor within the bone and
also any extension into the soft tissue. The multiplanar
imaging capabilities and superior anatomic resolution of
MRI are very helpful in defining the size, contents, and
relationship of the lesion to adjacent neurovascular
structures, which are all necessary for planning the
biopsy and tumor resection. MRI is highly reliable for
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planning limb salvage or an amputation, but the inter-
action between the orthopedic surgeon and the radiol-
ogist in reviewing the imaging studies is crucial prior to
the procedure. An MRI of the whole length of the
involved bone allows visualization of the entire length
to detect skip metastases.4

Whole-body technetium-99m bone scan will help
identify other sites of involvement, and hence help stage
the disease, or even identify another location that may be
an easier site for obtaining a piece of tissue for diagnostic
purposes. However, its role for local staging and differ-
entiation between a benign and malignant tumor is
limited.

Angiography is used less frequently since MRI
quality has improved significantly. Angiography is used
in cases where the tumor is very vascular and may need
preoperative embolization, and also in centers where
limb perfusion with chemotherapy is still part of the
treatment regimen.

STAGING
For staging a musculoskeletal neoplasm, the grade and
site of the tumor and presence or absence of metastasis
are considered. The grade of the tumor reflects biological
aggressiveness, which is best conceptualized as ‘‘clinical’’
or ‘‘surgical.’’ Sometimes a malignant tumor with a more
benign histological appearance maybe considered high-
grade based on its clinical behavior.8 Grading of the
tumors is classified as G0 (benign), G1 (low-grade
malignant), or G2 (high-grade malignant). The local
extension of the tumor is described as T0 (lesion is
confined within its capsule), T1 (lesion has reactive
zone instead of capsule but both the lesion and reactive
zone are contained within a compartment), and T2
(lesion is outside of the compartment). Final consider-
ation in staging is the absence (M0) or presence (M1) of
the metastasis (Table 1).

For benign bone and soft tissue tumors, the
staging system commonly used is that of the Musculos-
keletal Tumor Society (MSTS). Arabic numerals grading
from 1 to 3 are used. The inactive lesions are graded as 1
(e.g., lipoma, nonossifying fibroma); active but slow-
growing lesions are graded 2 (some aneurysmal bone
cysts, unicameral bone cysts, etc.); and aggressive lesions
such as a growing giant cell tumor or desmoid tumor as 3.

MSTS staging system for bone sarcomas is widely
used. According to this system, stage I lesions are low-
grade malignant tumors; stage II are high-grade tumors;
and stage III are either low or high grade, but with
metastatic disease. Within this system, tumors within a
compartment are categorized as A, and those that extend
outside the compartment as B.8

In the spine, the lesions are evaluated based on the
location within the vertebra and thereby aiding in the
surgical planning (Fig. 1).

Soft tissue sarcomas are usually classified accord-
ing to the American Joint Committee on Cancer system,
which has comparable criteria with MSTS.9

BIOPSY
Different methods of biopsy are available, including
needle biopsy (fine-needle aspiration or core biopsy
with a larger needle) and open biopsy (incisional or
excisional). Although open biopsy is still considered a
gold standard, many centers have moved toward percu-
taneous biopsy. Percutaneous biopsy is less invasive,
requires smaller dose of anesthetics and analgesics,
causes minimal bleeding and biopsy tract contamination,

Table 1 MSTS Staging for Bone and Soft Tissue Sarcomas

Stage (MSTS) Grade Location/Extension Metastasis

IA Low (G1) Intracompartmental (T1) M0

IB Low (G1) Extracompartmental (T2) M0

IIA High (G2) Intracompartmental (T1) M0

IIB High (G2) Extracompartmental (T2) M0

III Low/high(G1–G2) Intra/extra (T1–T2) Regional/distant, M1

MSTS, Musculoskeletal Tumor Society.

Figure 1 Surgical planning of a vertebral tumor (Weinstein-

Boriani-Biagini diagram). The vertebra is divided into 12 seg-

ments (‘‘clock face’’) and concentrically layered sequentially

from extraosseous ‘‘A’’ to epidural ‘‘D’’ and intraspinal ‘‘E.’’
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and is a cost-effective method. However, it is less reliable
in obtaining an adequate representative specimen for
grading and further special studies. For heterogeneous
tumors, very myxoid or cystic lesions and bone tumors
without soft tissue component, a needle core may not
give a high diagnostic yield. Biopsy tracts should be
placed in areas that can be excised safely during definitive
surgery, avoiding vital neurovascular structures, major
tendons (e.g., patellar tendon), and joint spaces. It is
valuable to discuss the biopsy route with the orthopedic
oncologist responsible for the patient’s future manage-
ment. Biopsy should be performed under aseptic con-
ditions, and prophylactic antibiotics may be considered
in high-risk patients. Infection at the tumor site is a
devastating complication that may interfere with the
subsequent treatments such as chemo- or radiotherapy
or limb-saving surgery.

IMAGE-GUIDED INTERVENTIONS
Minimally invasive interventions are reasonable alterna-
tives to treat patients if conventional surgery may result
in higher morbidity. A typical case is that of the osteoid
osteoma, treated historically with wide resection to
excise the small nidus that is not easily identified during
surgery. However, such treatment is associated with a
high risk of fracture and may require external or internal
support and longer immobilization. Over the last decade,
percutaneous CT-guided ablation became popular be-
cause of the high rate of success and a very low morbid-
ity; it is used in most sites of the skeleton, except when in
close proximity to neurovascular structures (Fig. 2).

Another candidate is the patient with metastatic
disease, who cannot tolerate the conventional surgical
methods because of immunocompromised status due to
ongoing chemotherapy, poor nutrition, and comorbid
medical conditions. Image-guided minimally invasive
procedures are better tolerated by these patients, result-

ing in less soft tissue trauma, minimal blood loss, and
shorter hospitalization. These methods rarely interfere
with the adjuvant treatments, and their overall morbid-
ity is considerably lower compared with conventional
surgery.

Percutaneous vertebral augmentation with ce-
ment (vertebroplasty, kyphoplasty) is considered a val-
uable technique in the treatment of painful lesions of the
spine, which may or may not have fractured. This
technique is used for benign lesions (e.g., painful verte-
bral hemangiomas) or metastatic lesions (myeloma or
metastatic adenocarcinoma).

Cement augmentation can also be used after an
instrumented spinal fusion, in cases of poor bone quality

Figure 2 (A) Axial and (B) coronal images of an osteoid osteoma in the sacrum (left S3 foramina). Due to the location, adjacent

to the nerve in the foramina, radiofrequency ablation was not recommended, and an open excision was performed.

Figure 3 Lumbosacral fusion for a painful compression

fracture of S1 with neurological deficit, due to myeloma.

Postoperative augmentation of the fixation with percuta-

neous vertebroplasty of the vertebra with implants, as well

as a couple of levels above.
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with a high risk of fixation failure (Fig. 3). Percutaneous
cement augmentation can be done a few days after the
primary fusion procedure by the interventional radiol-
ogist. Augmenting the adjacent levels to the fusion
decreases the chance of a compression fracture, due to
increased stresses transferred from the fixed seg-
ment.10,11

Percutaneous ablation of tumors has grown in use
and technology over the last two decades. For muscu-
loskeletal tumors, image-guided radiofrequency ablation
(RFA) has been used to treat some benign and meta-
static bone lesions. Osteoid osteoma, for example, can be

successfully treated with RFA.12 The advantages of RFA
over surgery are short procedure, possibility of outpatient
treatment, favorable morbidity rate, and overall cost.13

Part of the surgical planning for vascular tumors
includes embolization of the lesion prior to the surgery.
This method is especially useful for hypervascular tu-
mors such as aneurysmal bone cyst, giant cell tumor,
angiosarcoma, leiomyosarcoma, metastatic hyperneph-
roma, thyroid cancer, among others. Preoperative arte-
rial embolization improves surgical vision and allows
safer and faster surgery by decreasing bleeding from the
surgical site. These effects are particularly important for

Figure 4 (A) Aneurysmal bone cyst of the left superior pubic ramus. (B) Magnetic resonance imaging shows multiple

blood-filled cavities and vascularity of the tumor. (C) Preembolization angiograms show increased vascularity around the

lesion. (D,E) Patient was treated successfully with preoperative embolization, and then intralesional curettage, local

adjuvant, and bone grafting.
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intralesional procedures in areas where tourniquet use is
not possible (Fig. 4). Tumors supplied by a rich capillary
network, such as metastatic melanoma or myeloma,
respond poorly to embolization. To maximize the effects
of the embolization, the planned surgery should be
conducted within 24 to 48 hours.14

Embolization is also used as a palliative treat-
ment in painful bone metastasis when surgery cannot be
performed because of the size or location of the tumor
or the general status of the patient. Pain relief is
possibly achieved by inhibiting and reducing tumor
growth that decreases the pressure on adjacent neural
structures. In patients with spinal cord compression,
embolization may improve the neurological status of
the patient.

Sequential embolization has also been described
as a primary treatment alternative for hypervascular bone
tumors, such as aneurysmal bone cyst and giant cell
tumor. This method is recommended when the tumor
is inoperable or surgery is technically difficult or may
result in considerable morbidity (Fig. 5). In pelvic and
spinal tumors, arterial occlusion has been reported to
devascularize tumors, cause calcification of their mar-
gins, alleviate pain, and even result in complete growth
arrest of the lesions.15,16
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Figure 5 (A) Axial computed tomography image showing a destructive lesion of the right ala, due to a giant cell tumor.

(B) Angiogram showing increased vascularity to the tumor. The patient was treated with serial arterial embolization, with good

results of symptom relief and halting tumor growth.
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