Image-Guided Musculoskeletal Biopsies
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ABSTRACT

Image-guided musculoskeletal (MSK) biopsies are safe and effective procedures
that yield diagnostic accuracies up to 97%. When performed in conjunction with a
multidisciplinary team, they provide crucial information that will affect patient care and
outcome. Computed tomography and ultrasound are the main modalities used to carry out
MSK biopsies, and various needles and techniques are available to help the radiologist

perform these procedures safely.
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Objectives: Upon completion of this article, the reader should be able to identify the indications for performing image-guided
musculoskeletal biopsies, as well as name the various needles and techniques utilized.
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Soft tissue masses and to a lesser degree bone
lesions are not uncommon and at times require biopsy.
The approach to performing these biopsies is in some
ways no different from nonmusculoskeletal biopsies
and requires a careful review of all relevant clinical
and radiological information. Close collaboration with
a multidisciplinary team that consists of a surgical
oncologist, oncologist, and musculoskeletal (MSK)
pathologist is vital. The purpose of this article is to
illustrate the methodology and technique of MSK
biopsies that will help guide the radiologist in perform-
ing these procedures.

INDICATIONS AND RATIONALE
The majority of biopsies are performed to determine
whether there is an underlying primary or metastatic

neoplasm. In some cases where patients are unresponsive
to conventional antibiotic therapy (such as spondylodis-
citis) for treatment of bone or soft tissue infections, a
biopsy may be performed to isolate the organisms
targeted for antimicrobial therapy. Also, biopsies are
obtained in these patients prior to administration of
antibiotics. The indications and contraindications for
performing an osseous or soft tissue biopsy are similar
and are outlined in Table 1.

As a general rule, obtaining tissue is indicated
when the histopathology will alter patient management.
Any MSK lesion that can be confidently diagnosed as
“benign” based on radiological and clinical information
(e.g., “Do not touch lesions”),! should not be biopsied,
and follow-up could be performed for cases where the
lesion does not satisfy all the classical imaging criteria
but lacks aggressive features. At our institution, most
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Table 1
Biopsies

Indications and Contraindications for MSK

Indications
Definitive diagnosis of a bone or soft tissue lesion with
aggressive imaging features
Determination of a bone or soft tissue lesion with
indeterminate imaging features
Confirm or exclude a metastasis in a patient with known
primary malignancy
Isolation of microorganisms in a musculoskeletal infection
Exclude or confirm an underlying lesion causing a
pathological fracture
Contraindications
Acute or ongoing non-MSK infection
Bleeding diathesis
Inaccessible site or uncooperative patient

MSK, musculoskeletal.

patients have already been evaluated by the surgical
oncologist in an outpatient clinic or discussed at weekly
sarcoma conferences attended by MSK pathologists,
surgical oncologists, radiation oncologists, and oncolo-
gists. As a general rule, unless proven otherwise, all
lesions should be treated as if they were sarcomas with
the intent to perform curative resection.

The patient’s clinical data are first reviewed,
which includes any laboratory information such as coag-
ulation profile and platelet count. Existing imaging is
gathered and carefully reviewed. If the available imaging
is suboptimal or another modality (computed tomogra-
phy [CT], magnetic resonance imaging [MRI], or radio-
graph) is deemed necessary, then the biopsy is delayed
until the imaging is complete and optimal. The role of
imaging is not limited to diagnosing MSK lesions, but
more importantly, includes staging of bone or soft tissue
lesions that will help clinicians in determining the
optimal therapy. The presence of distant metastases
will often rule out surgical treatment, but a biopsy would
still be indicated as the histology might decide which
chemoradiation regimens would be suitable. Local in-
vasion of deep fascial planes and/or encasement of a
major neurovascular bundle must be assessed and con-
veyed to the surgeon to help determine if a limb-salvage
procedure would be feasible.

TECHNIQUE FOR BONE BIOPSIES

After review of all imaging and clinical information, the
next step is deciding the route and modality utilized for
image-guided biopsy. Almost all bone biopsies are
performed under CT guidance at our institution. CT
provides excellent spatial localization of the lesion
(superficial, deep, invasive, compartments involves,
etc.), which helps determine the route that safely avoids
vital neurovascular structures that are not involved by
the ncoplasm.2 The shortest distance to the lesion is not

necessarily the optimal route. In general, avoiding
crossing of more than one anatomic compartment is
important in preserving a limb-salvage surgical plan, as
the needle track is at risk of seeding tumor cells.>*
Because the needle track is usually resected, the tissues
that lie along the track will be removed.’ Minimizing
compartmental tumoral contamination is therefore im-
portant, to provide some level of function for the
patient postoperatively. For example, if a bone lesion
has an exophytic component that involves the vastus
lateralis muscle, then the biopsy route should never
traverse the rectus femoris or patellar tendon (even
though doing so would compromise only one anatomic
compartment) as these would have to be resected
during surgery, leaving the patient without any extensor
function of the knee.

In general, all patients referred for bone biopsy at
our institution have already been examined and had
their skin marked by the surgical oncologist indicating
the route desired for biopsy. If the marked area is such
that biopsy would be technically difficult, then it is
possible to biopsy slightly cranial or cephalad to area
marked. Biopsy routes should always be reviewed with
the surgical oncologist, and the radiologist should never
hesitate to postpone the biopsy until all concerns are
clarified.

Percutaneous biopsies have a lower risk of com-
plications than do open biopsies. Reported percutaneous
risk rates are 0 to 10% compared with up to 16% for open
biopsies.(”7 Hemorrhage, nerve praxia (secondary to local
anesthetic or direct trauma when the tumor is immedi-
ately adjacent to a nerve), and infection are the main
complications. In addition to being minimally invasive, a
percutaneous technique allows selective sampling of areas
within the tumor that will provide the highest diagnostic
yield (e.g., avoidance of cystic or necrotic areas). When
placing the patient on the CT table, correct positioning is
crucial as it will allow good access to the lesion while
optimizing patient and operator comfort. Proper posi-
tioning will also enable the needles to fit through the
gantry when confirming the needle tip’s position. A strict
sterile technique is adhered to at all times and includes
sterile gown and surgical mask and cap.

Most bone biopsies are performed under con-
scious sedation with good local anesthetic infiltration
to provide comfort during and after the procedure.
General anesthesia is usually reserved for patients who
cannot remain still or have exceedingly high narcotic
tolerance levels. Patients are usually kept for 1 hour
postprocedure to monitor for any immediate complica-
tions as well as provide additional pain control as needed.

Depending on the location and nature of the
osseous lesion, this will determine which needles are to
be used. CT allows determination of the density of the
osseous lesion as well as the amount and degree of dense
osseous or chondroid matrix that will be targeted for
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biopsy. In general, when accessing an intraosseous le-
sion, a coaxial technique is preferred as multiple cores
can be obtained through a single bone window with
reduced radiation to the patient. A large variety of
needles exist on the market, and selection will depend
on personal preference and experience. In our institu-
tion, there are two biopsy needles that are mainly used.
Trephine bone biopsy needles are used to sample dense
osseous/chondroid lesions, and cutting needles are used
to biopsy any soft tissue component of the osseous lesion
(Fig. 1).

For dense osseous lesions, we use an 11-gauge
vertebroplasty needle (Cook, Bloomington, IN) with a
diamond tip to first cross the overlying cortex (this can
be done manually or if the cortex is densely sclerotic,
the needle can be attached to a pneumatic drill). Care is
taken to keep the needle orthogonal to the plane of the
cortex to prevent any slipping when drilling. Once the
needle tip is adjacent to the lesion, the stylet is removed
and a 14-gauge bone biopsy (Cook) needle is inserted
coaxially to obtain a core of the lesion (Fig. 2). Soft
tissue components are biopsied with spring-loaded
cutting needles (Boston Scientific, Natick, MA) dis-
cussed later.

In the case of an osteolytic lesion that lacks matrix
and the overlying cortex has been destroyed or is defi-
cient, the lesion can be biopsied directly using a bone
biopsy needle or a cutting needle.

Ideally, at least three cores are obtained at our
institution, and samples are submitted in 10% formalin.
It is important to discuss with the pathology department
how the samples are to be properly submitted as this
varies from one institution to another.

ULTRASOUND-GUIDED BIOPSIES
Ultrasound is a commonly used modality for performing
musculoskeletal soft tissue biopsies.* ™ It is also used for
lesions near a bone surface or bone lesion with an
extraosseous component." > Ultrasound is widely
available, minimally invasive, and offers real-time and
multiplanar imaging. The high spatial and contrast
resolutions also allow easier visualization of lesions,
particularly small lesions that are difficult to visualize
on noncontrast CT. Although CT or MRI can be used,
the dynamic nature of the imaging allows easier and
more comfortable patient and operator positioning, and
the real-time visualization of the needle provides reas-
surance that a safe and satisfactory biopsy has been
performed and vital structures are avoided.'® Further-
more, ultrasound-guided biopsies are free from ionizing
radiation. MRI-guided biopsy is an attractive method as
it is outstanding in demonstrating soft tissue masses, but
it is limited by issues of equipment compatibility, avail-
ability, cost, and longer procedure time. Contraindica-
tions to ultrasound-guided biopsies are similar to that of
any other biopsies, such as bleeding diathesis, active
infection in the region of biopsy, and nonvisualization
of the lesion on ultrasound. Potential complications are
the same as for any other musculoskeletal biopsies, such
as bleeding, infection, and neuropraxia.
Ultrasound-guided musculoskeletal soft tissue bi-
opsies have been reported to have high rates of accuracy.
Recent studies demonstrate sensitivity of 95 to 96% and
specificity of 100% in distinguishing benign and malig-
nant lesions. Accurate identification of the specific cell
type of malignancy has been reported in 83 to 98% of

CaSCS.14’17’18

Figure 1 Trephine bone biopsy needles. (A) A 14-gauge bone biopsy needle with inner stylet (Cook, Bloomington, IN). (B) An
11-gauge vertebroplasty needle (Cook) and cutting needles. (C) An 18-gauge QuickCore needle (Cook). (D) An 18-gauge

Easycore needle (Boston Scientific, Natick, MA).
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Figure 2 (A) Coronal Short Tau Inversion Recovery (STIR) image shows abnormal left tibial diaphyseal marrow signal targeted
for biopsy. (B) Axial computed tomography through tibial diaphysis shows tip of 11-gauge vertebroplasty needle (Cook,
Bloomington, IN) used to advance through the cortex and placed adjacent to marrow space, after which the stylet is removed.
(C) A 14-gauge bone biopsy needle inserted coaxially into marrow.

Setup and Preparation

Most musculoskeletal soft tissue biopsies are best per-
formed using a high-frequency linear array probe (7 to
12 MHz). In exceptional cases, such as a deep lesion in
an obese patient, a lower-frequency probe may be used
but at the expense of spatial resolution.

Cross-sectional imaging (whether CT or MRI)
must be reviewed prior to the biopsy. The lesion and its
relation to vital structures, such as the neurovascular
bundle, underlying bone, and other muscular compart-
ments, must be analyzed. This anatomic relationship
should then be correlated with ultrasound prior to the
biopsy. Color Doppler is routinely used to identify any
neighboring vascular structures and any vascularity
within the lesion. Solid and vascular regions of the lesion

should be targeted in the biopsy. The preferred biopsy
approach is then based upon all this information and the
surgical implications of the approach.lg_22 In our insti-
tution, almost all patients for soft tissue biopsies are seen
by the oncological surgeon prior to the biopsy, and the
surgeon marks on the patient where the surgical incision
will be at the time of definitive surgery. Biopsy is then
performed in this region. This method allows the biopsy
route to be excised at the time of definitive surgery to
remove any tumor that has seeded along the biopsy
track.>™

The patient should be in a comfortable position,
preferably lying down, with the operator directly in front
of the patient and the ultrasound monitor. Pillows are
used to help position the patient and to relieve pressure
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Figure 3 (A) Ultrasound demonstrates a small solid mass abutting the popliteal vessels. (B) A cutting core biopsy needle (the
inner stylet is advanced first before the outer cutting sheath is deployed) is used. This reduces the risk of the needle traversing

the popliteal vessels and the potential risk of tumor seeding.

areas. The procedure is done under local anesthetic, and
sedation is rarely necessary. The patient’s biopsy site is
then prepared in a sterile manner. The ultrasound probe
is covered with a sterile bag containing small amount of
sterile gel as a coupling agent. Sterile gel is then placed
on the patient’s site of biopsy.

The type of needle used for the biopsy depends on
the type of lesion and preference of the operator.*
Core biopsies are recommended, as mesenchymal lesions
are often difficult for pathologists to diagnose, and core-
needle biopsies are consistently associated with good
results and allow assessment of histological pattern
and histochemical analysis.>***" In our institution, an
18-guage needle core biopsy cutting needle is used. The
length of the needle and the length of the throw depend
on the lesion and its location. Typically, a 20-mm throw
is sufficient.

Technique
Once the approach has been decided, the biopsy path
from the skin to the lesion should be as short as possible.
Local anesthetic is infiltrated to the skin and along the
path under ultrasound guidance. The biopsy needle is
inserted along the same longitudinal plane as the ultra-
sound transducer to aid visualization of the needle. A
5-mm longitudinal skin incision in the craniocaudal
direction is made, which facilitates the entry of the
core biopsy needle as well as acts a marker for the
surgeon of the location of the biopsy.

The biopsy needle is then inserted along the same
path as the previously inserted local anesthetic needle. A
minimum of three core samples is required, which are

usually sent to pathology in 10% formalin. With small
lesions, a spring-loaded needle with a 10-mm throw is
preferred; the inner stylet is advanced first before the
outer spring-loaded cutting sheath is deployed (such as
the Cook Quick-core). This allows the operator more
control over the biopsy. This type of needle is also useful
in lesions where vital adjacent structures must not be
traversed (Fig. 3).

With cystic lesions, any focal nodular component
or parts that show vascularity on Doppler should be
targeted (Fig. 4 and Fig. 5). These regions will provide
the highest yield in providing the histological diagnosis.
Otherwise, the wall should be sampled. The cystic area
should be avoided.'! The cystic nature of the lesion
should also be documented as it is a valuable finding that
may aid in the diagnosis.

Small mobile lesions are easier to biopsy on ultra-
sound than on CT. The tip of the biopsy needle is
embedded slightly into the lesion to stabilize it before
the needle is deployed.

After the biopsy has been performed, ultrasound
of the area should be performed to detect any compli-
cations such as a hematoma. The skin incision is closed
with surgical tape such as Steri-strips (Steri-Strip, 3M
Health Care, St. Paul, MN). The uncomplicated patient
is observed for 15 minutes before discharge. The patient
is advised to be aware of potential complications such as
bleeding, infection, and neuropraxia.

Limitations of Ultrasound
Ultrasound-guided biopsies are often operator-depend-
ent, and one of the challenges is the visualization of the
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Figure 4 (A) Ultrasound demonstrates a partially cystic soft tissue tumor in the thigh. (B) The core biopsy needle is placed

within the solid component of the lesion.

needle tip. Having the needle in the same longitudinal
direction as the transducer is very helpful. The needle is
best seen when it is perpendicular to the ultrasound
beam. Rocking movement (or heel-toe angling) of the
transducer will help in bringing the beam more perpen-
dicular to the needle. Having a small amount of air in the
needle makes a small needle more echogenic. The needle
tip position can also be confirmed by injecting a small
amount of local anesthetic or normal saline. Some
manufacturers offer core biopsy needle with echogenic
tips. Under no circumstances should the biopsy needle be
deployed without confirmation of the needle tip.

Dense calcifications may obscure the lesion. If a
satisfactory biopsy window cannot be found, then CT-
guided biopsy would be more appropriate.

Some lesions are difficult to visualize on ultra-
sound as they have similar echogenicity to the neighbor-

A

ing structures such as muscle. These lesions are often
much better depicted on MRI, and CT-guided biopsy
would be more appropriate as correlation of lesion’s
location is much easier.

OUTCOMES AND COST

We routinely perform core biopsies of solid tumors, as
many authors have shown a high diagnostic accuracy of
core samples compared with fine-needle aspira’ces.%f32
However, in lesions that are purely cystic and/or in
suspected infection, aspiration of contents is additionally
performed and sent for cytological analysis to increase
diagnostic yield. Percutaneous biopsies have a high
diagnostic accuracy, ranging from 68 to 9795,2933=37
and because the minimally invasive technique allows

better recovery times and lower patient morbidity, this

B

Figure 5 (A) Ultrasound demonstrates a cystic mass in the paraspinal region with several thin internal septations, which
demonstrate vascularity on color Doppler. (B) Core biopsy needle targets these septations.
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lowers cost compared with open biopsies.38_41 The
underlying nature of the lesion also affects the diagnostic
accuracy. Altuntas et al have shown that the biopsy
accuracy was 81.4% for histologically proven malignant
tumors and 78% for benign lesions.>®

CONCLUSION

Image-guided MSK biopsies are safe, minimally inva-
sive, and effective procedures with lower risks compared
with open biopsies and offer high diagnostic results.
They play a pivotal role in patient workup and manage-
ment and should always be approached by a multi-
disciplinary team.
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