
Biopsy is a key step in the overall management of
patients with musculoskeletal lesions.  The goal is
more than simply removing tissue for diagnostic

examination. Considerations for the ultimate management of
the lesion must be taken into account.1 Mankin and col-
leagues reported that there is a diagnosis error in 18% of
biopsied patients, often resulting in alterations in the treat-
ment plan.2 A poorly planned biopsy can significantly com-
promise subsequent management and long-term outcomes. 

Various options for performing a tissue biopsy are avail-
able, including the use of an open or closed procedure.
Each technique has associated risks and benefits, and no
one technique can be recommended for all patients.  The
ultimate choice of which biopsy procedure is most suited
for an individual patient depends on the nature and loca-
tion of the lesion as well as the experience of the institu-
tion’s pathologists and surgeons.3 There are several
important principles to remember when preparing for a
biopsy and determining which technique is most appropriate.

Pre-biopsy planning is as important as the
biopsy itself. The biopsy should not be per-
formed until appropriate imaging of the lesion

is completed (Figure 1).4,5 A focused differen-
tial diagnosis should be established on the basis of the clin-
ical findings and imaging studies before proceeding to a
biopsy.1,6,7 This information will help determine the most
appropriate biopsy method to provide representative tissue
with the fewest procedures and least morbidity.5,8 Careful
review of appropriate pre-biopsy imaging studies will help
in selecting the most appropriate site for biopsy with the
least potential for contamination of uninvolved tissue
planes.7,8 Managing the treatment of patients with muscu-
loskeletal tumors is a multidisciplinary undertaking.  At
centers with expertise in musculoskeletal tumors, patholo-
gists and radiologists are active members of the team and
participate in the patient’s care even prior to the biopsy.1,9-11

This is especially important in cases in which the lesion
proves to be malignant.  In a study addressing the hazards
associated with biopsy, Mankin and colleagues reported
that 19% of biopsies were problematic, directly resulting
in a change of treatment plan; for 10% of biopsies, there
was a substantial change in the patient’s long-term out-
come stemming from a problem with the biopsy itself.2

These findings have not changed significantly since
Mankin and colleagues first reviewed the topic 11 years
earlier.12 In addition, Mankin and colleagues showed that
the complication rates were significantly increased when
biopsies were performed at a referring institution rather
than at the treatment center.2 In cases of suspected or
potential malignancy, the biopsy should be performed by
the physician who will perform the definitive resection.3

60 The American Journal of Orthopedics®

points on

MUSCULOSKELETAL TUMOR BIOPSY:
I. CHOOSING THE APPROPRIATE METHOD
Albert J. Aboulafia, MD, FACS, and Joshua G. Schkrohowsky, BS

Dr. Aboulafia is Co-Director of Sarcoma 
Services, Cancer Institute, Sinai Hospital of
Baltimore, and Assistant Professor, Depart-
ment of Orthopaedic Surgery, University of
Maryland, Baltimore, Maryland.
Mr. Schkrohowsky is a 4th-year Medical 
Student, Johns Hopkins University School of
Medicine, Baltimore, Maryland.

Address correspondence to Albert J.
Aboulafia, MD, Orthopaedic Surgery and
Oncology, Sinai Hospital of Baltimore, 2401
West Belvedere Ave, Baltimore, MD 21215-
5271 (tel, 410-601-9266; fax, 
410-601-4601; aaboulaf@lifebridgehealth.org).

Figure 1. The magnetic resonance imaging (MRI) image shows a
well-defined soft-tissue mass, deep to the fascia and larger than 5
cm, with signal characteristics that are not suggestive of a benign
fat, neurogenic, or vascular tumor. The MRI characteristics sug-
gest a sarcoma. The arrow indicates the most appropriate path for
biopsy, avoiding the neurovascular bundle and not cross-contami-
nating compartments. In this case, a core biopsy revealed a 
high-grade soft-tissue sarcoma.
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When to obtain a fine-needle aspirate.
Fine-needle aspirate (FNA) is generally
accepted in the work-up of metastatic dis-

ease and a variety of primary neoplasms.13

On the other hand, its use in the evaluation of muscu-
loskeletal tumors varies from one country to another,
from one institution to another within a country, and
from one tumor type to another.   In certain countries,
particularly in Scandinavia, FNA has been used for
more than 30 years as an important tool in the preoper-
ative diagnosis of soft-tissue tumors and lesions of the
bone.13,14 Differentiating between benign and malig-
nant  les ions by means of  FNA is  reported to  be
between 80% and 95% accurate.13,15,16 In the past,
FNA has not received widespread acceptance within the
United States because of concerns regarding precise
subtyping and grading of the lesion and the procure-
ment of adequate tissue.17 Several institutions have
revisited the question, now stating that FNA is valuable
in the initial diagnostic investigation and can correctly
identify lesions as sarcomatous and often provide sig-
nificant information toward determining the subtype
and grade.13

FNA has many advantages in the primary work-up of
soft-tissue sarcomas.4 It is relatively simple and quick
and the most cost-effective tumor biopsy method
because it can be performed in an outpatient setting
under local anesthesia.4,18,19 Rapid-diagnostic confirma-
tion may allow for further treatment planning during the
initial clinic visit.18,19 FNA is performed using a 24-
gauge needle, requiring no open wound and producing
little bleeding.8,18 There is little or no risk of disrupting
the tumor bed or subsequent contamination of the biopsy
track.4,13,15,19 The surgeon can easily sample material
from different parts of the tumor to diagnose heterogene-
ity and can usually obtain adequate sample for ancillary
studies, such as immunohistochemistry, flow cytometry,
cytogenetic analysis, and electron microscopy, by per-
forming multiple passes.15,18,19 These ancillary studies
can increase the specificity and sensitivity to nearly
95%.15 FNA is especially useful for evaluating clinically
suspicious lymph nodes and evaluating a site for sus-
pected local recurrence.3,8,20

The main limitation to widespread use of FNA is the
fact that few institutions have a cytopathologist comfort-
able or experienced enough in musculoskeletal tumors to
make a definitive diagnosis.6,15,20 This is due to the
overlapping cytologic features of many reactive and neo-
plastic lesions and to the lack of preservation of complex
architecture in the biopsy sample.5,18,19 This technique
also tends to under-grade sarcomas.13,21

A definitive diagnosis must be based on a combina-
tion of the cytologic findings of the biopsy and the ini-
tial radiographic appearance (Figure 2A and B).  In
cases when FNA is inconclusive, a more definitive
biopsy is needed to confirm the nature and grade of 
the lesion.21

When to perform core needle biopsy.
Core needle biopsy (CNB) is a more widely
accepted biopsy method in the United

States with an associated accuracy of diagno-
sis from 66% to 97%.22 It is important to note that the
rates of altered treatment and outcome as a result of
needle biopsy are considerably lower than those for
open biopsy.2 Like FNA, core needle biopsy has many
of the same advantages that are associated with percuta-
neous biopsies, although these advantages are not quite
as significant.6 CNB can be performed in an outpatient
setting, under local anesthesia and is cost-effective
when compared with open biopsy.6,8 No incision is
required, thus significantly decreasing the risks for com-
mon biopsy complications.9 Like FNA, but unlike open
biopsy procedures, CNB entails minimal trauma to the
skin and so permits preoperative treatments such as
radiation and/or chemotherapy to be initiated once the
diagnosis is established.9

Unlike FNA, core biopsy preserves the structural
architecture of the tissue sample and provides a larger
quantity of tissue than FNA, making diagnosis and grad-
ing easier for general pathologists (Figure 3); this advan-
tage accounts for its more widespread use.6,18 Inadequate
tissue sampling, in quantity and representation, is still
one of its greatest limitations, making it difficult to diag-
nose low-grade lesions.1,4 Multiple cores can be sampled
to minimize this problem.5 An advantage of CNB is that
it can be used to obtain samples of fibrocollagenous or
bone lesions where FNA often fails.6,18 Core needle
biopsy offers advantages over open biopsy, including the
ability to direct the needle to various portions of the
tumor so that various portions of a heterogeneous mass
can be sampled. For deep lesions that are not palpable,
CNB can be performed using fluoroscopic, ultrasound,
or, most commonly, computed tomography assistance in
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Figure 2. (A) The fine-needle aspirate (FNA) reveals a 
cluster of cells with marked nuclear atypia.  The nuclei are
enlarged, irregular, and hyperchromatic.  This demonstrates 
a pleomorphic malignant neoplasm. (B) The FNA, in 
combination with the initial radiographic appearance, 
is diagnostic of osteosarcoma.
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the radiology department by an
experienced interventional radiolo-
gist.4,5,22-24 The surgeon should
always review with the radiologist
the planned surgical approach to ensure that the biopsy
tract can be excised at the time of definitive surgery and
that uninvolved tissue planes are not contaminated.10,22

It has been suggested that CNB can be used in addition
to FNA or as follow-up to an undiagnostic FNA, thus
greatly decreasing the need for open biopsy.18,21

When to perform an open incisional
biopsy. Open biopsy has long been consid-
ered the gold standard in obtaining tissue

diagnosis, with a reported accuracy of 98%
(Figure 4).4,22 An open biopsy may be either incisional
or excisional.5 An open biopsy is most appropriate
when the list of conditions in the differential diagnosis
is long and varied.5,10 Open biopsy provides the great
advantage of being able to visualize the mass, maximiz-
ing the likelihood of obtaining adequate tissue for diag-
nosis and ancillary studies.5,22 It should be performed
in such a way as to ensure that representative tissue is
obtained.10 As in the case of core needle biopsy, pre-
biopsy imaging studies should be reviewed so that
necrotic areas of the tumor are avoided.5 Frozen sec-
tions are sent at the time of open biopsy to confirm that
adequate tissue has been obtained in order to avoid the
need for repeated biopsies.4,9 Associated wound com-
plications, including hematoma, infection, and possible
tumor spillage, can interfere with definitive treatment
and are the greatest disadvantages to open biopsy.20 The
increase in cost, over that of closed biopsies, and the
associated risk of general anesthesia also can not 
be ignored.6

When to perform excisional biopsy. Exci-
sional biopsy involves removal of a tumor
without a prior biopsy. The main advantage

of a successful excisional biopsy, indicating
either a benign lesion or clear margins, is that there is no
need for subsequent surgery.3 There is also minimal risk
of tumor spillage if wide margins are undertaken, and
this method also has the advantage of complete tissue
sampling.3 Often an adequately radical excisional biopsy
of a mass is not performed and the marginal resection
leaves microscopic tumor behind (Figure 5A).6,25 In
cases when the diagnosis of sarcoma is discovered, the
patient needs to be referred for wide local reexcision
(Figure 5B).6,25 The second operation requires a larger
resection, or occasionally an amputation, that would not
have otherwise been needed had the lesion not been
excised.6,25 Noria and colleagues reported that at least
35% of patients who underwent an unplanned excision
of a soft-tissue sarcoma had residual tumor cell as evi-
dent on histological examination at the repeat excision.25

Although excisional biopsy may be indicated in select
situations, it is associated with significant morbidity
when used indiscriminately.  Excisional biopsy is indi-
cated in cases when the diagnosis of a benign lesion is
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Figure 3. A typical gross appearance
of a sarcoma biopsy specimen
obtained using a True-Cut core needle
biopsy technique. Multiple cores
obtained at the time of biopsy mini-
mize the risk of sampling error. Core
needle biopsy preserves the structural
architecture of the tumor. 

Figure 4. An 18-
year-old with
osteosarcoma of the
right proximal tibia, 
3 months after 
incisional biopsy and
following neoadjuvant
chemotherapy, at the
time of definitive
limb-sparing 
resection.  Line B
represents the 
biopsy incision.  
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Figure 5. (A) The patient underwent excisional biopsy through
a transverse incision for a suspected ganglion mass that proved
to be a high-grade soft-tissue sarcoma. (B) Following wide local
re-excision, soft-tissue reconstruction was necessary as a result
of the poorly planned biopsy.
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certain,8,9 for small subcutaneous lesions,9 or when the
tumor type will not alter treatment.  Other situations
where it may be acceptable are those in which wide mar-
gins can be obtained without additional morbidity, such
as complete removal of the proximal fibula.3,8,9 If these
specific conditions do not apply, risks include gross
tumor spillage and cross-contamination of tissue planes,
in which case the possibility for limb salvage, if the
mass is malignant, is significantly decreased.10

CONCLUSIONS
The type of biopsy method depends on the institution’s
ability, experience of the physicians, differential diagnosis,
and tumor location.  Regardless of which method is cho-
sen, proper biopsy technique, such as preoperative plan-
ning, biopsy placement and orientation, and hemostasis,
should be observed to avoid unnecessary complications
and improve subsequent outcomes.
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