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Abstract

Background Biopsy is a critical step in the diagnosis of
musculoskeletal malignancy. As an alternative to open
biopsy, percutaneous core needle biopsy techniques have
been developed. As many studies combine office-based,
image-guided, and operative biopsies, the accuracy of
office-based core needle biopsy is not well documented.
Question/purposes We asked whether (1) office-based core
needle biopsy for the diagnosis of malignant musculoskeletal
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neoplasms would have few complications and diagnostic
and accuracy rates comparable to those cited in the liter-
ature for core needle biopsy, (2) diagnostic errors related to
office-based core needle biopsy would result in surgical
treatment errors, and (3) tissue core quantity and tumor
type would affect accuracy.

Patients and Methods We retrospectively reviewed 234
patients with 252 core needle biopsies of malignant bone
and soft tissue neoplasms at one institution between 1999
and 2007. Biopsy accuracy and errors were determined on
the basis of histologic evaluation of prior or subsequent
biopsies and/or resected specimens, when available. We
eliminated 19 patients who had needle biopsies: three had
the core needle biopsy completed in the operating room
and 16 had insufficient documentation or followup, leaving
233 for study.

Results  Of the 233 core needle biopsies, 212 (91%) were
diagnostic and accurate for malignancy. Fourteen (6%)
biopsies were nondiagnostic. Major errors, defined as a
benign diagnosis in a malignant tumor, occurred in seven
cases (3%). Minor errors, defined as errors in histopatho-
logic diagnosis or grade, occurred in 24 biopsies (10%). All
nondiagnostic and major core needle biopsy errors were
identified and addressed with either a diagnostic open biopsy
or definitive wide local excision, resulting in no surgical
treatment errors. Accuracy was not influenced by core
number; however, myxoid lesions showed a correlation with
biopsy error. There were no biopsy-related complications.
Conclusions Office-based core needle biopsy for diag-
nosis of malignant musculoskeletal neoplasms has high
diagnostic and accuracy rates without associated com-
plications.

Level of Evidence Level II, diagnostic study. See the
Guidelines for Authors for a complete description of the
level of evidence.
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Introduction

The biopsy is a critical step in the diagnosis of neoplastic,
inflammatory, infectious, and reactive lesions of the mus-
culoskeletal system. Although an open, incisional tech-
nique traditionally has been considered the gold standard, it
requires an incision, an operative suite, and frequently
necessitates general anesthesia [7, 10]. The overall diag-
nostic accuracy of open biopsies ranges from 91% to 96%
[4, 10, 20]. Complications of any biopsy include seroma,
hematoma, infection, wound dehiscence with tumor fun-
gation, and fracture, and tend to occur more frequently
after open or excisional biopsies, with the complication
rate of percutaneous techniques ranging from 0% to 1%
[3, 13, 17, 20, 25] and surgical open biopsies from 4% to
19% [4, 10, 11, 22]. Nondiagnostic open biopsies occur in
approximately 5% of cases [4, 20], despite being theoret-
ically superior to percutaneous techniques in this regard.
Additionally, open biopsy errors related to incision place-
ment may alter treatment options and negatively influence
outcomes in patients with malignant neoplasms, with such
errors occurring three to eight times more frequently when
the biopsy is performed at the nontreating, referring facility
[4, 10, 11].

As an alternative to open biopsy, percutaneous tech-
niques, including core needle biopsy (CNB) and fine needle
aspiration, have been developed. These techniques can be
performed in the office under local anesthesia when the
lesion or pertinent landmarks are palpable or in the radi-
ology suite using fluoroscopy, CT, MRI, or ultrasound [2,
5,13,16, 17, 19, 23, 25, 27-29]. Advantages of office CNB
over open or image-assisted biopsies include decreased
cost, expediency owing to the avoidance of scheduling
delays, lower complication rates, and smaller incisions that
may be easier to incorporate into the definitive surgical
resection [10, 11, 20, 24]. Potential disadvantages may
include decreased diagnostic accuracy and tumor sampling
error. However, many of the published series regarding
CNB combine office-based and image-guided biopsy
results [12, 14, 18, 25, 26], whereas others have combined
office-based CNB with CNB performed in the operating
room [13, 21]. Additionally, some studies excluded inad-
equate or nondiagnostic biopsies from their statistical
analysis, which may falsely elevate accuracy rates [3, 8, 9].
Therefore, the putative limitations of CNB are not clearly
substantiated or refuted.

We asked whether (1) office-based CNB for the
diagnosis of malignant musculoskeletal neoplasms would
have few complications with diagnostic biopsy and
accuracy rates comparable to those reported in the liter-
ature for CNB, (2) diagnostic errors related to office-
based CNB would result in subsequent surgical treatment
errors, and (3) specific biopsy-related factors, including

tissue core quantity and tumor type, would affect biopsy
accuracy.

Patients and Methods

We retrospectively reviewed the medical records of 497
patients from our two institutions who had percutaneous,
office-based CNB of bone or soft tissue between 1999 and
2007 and identified 515 biopsies. We excluded 282 patients:
263 for benign diagnoses, three for CNB completion in the
operating room, and an additional 16 for insufficient doc-
umentation or followup. Followup was considered adequate
if any of the following criteria were fulfilled: (1) confir-
matory histologic specimens were available from previous
histologic specimens in a patient with a known malignancy,
or from an additional subsequent diagnostic biopsy, or from
the definitive surgical resection; (2) there was a minimum of
6 months’ clinical followup; or (3) the patient died of their
tumor with less than 6 months’ clinical followup. Of the
515 CNBs, 252 were performed on lesions ultimately
determined to be malignant. This left 233 patients with
malignancies of bone and soft tissue, 198 with comparative
confirmatory histologic specimens (85%). Ninety-eight
(42%) of the patients were female and 135 (58%) were
male, with a mean age of 48 years (range, 10-95 years). Of
the 233 biopsies, 196 CNBs were for primary malignant
diagnoses and 37 were evaluations for local recurrence; 217
(93%) of the malignancies were soft tissue and 16 (7%)
were osseous. The distributions of lesion location and
diagnoses (Table 1) were highly variable. We had prior
institutional review board approval.

After radiographic review and clinical examination, the
risks, benefits, and alternatives of CNB were discussed
with the patients and the patients formally consented to
CNB. All biopsies were performed by a fellowship-trained
orthopaedic oncologist (HTT, JDP). We prepared and
draped the area in sterile fashion followed by infiltration of
1% lidocaine for local anesthesia. A Number 11 blade was
used to incise the skin and the core needle device was
advanced into the mass. We used Temno®, Tru-Cut®™, or
Jamshidi® needles (Allegiance Healthcare Corp/Cardinal
Health, McGaw Park, IL). Multiple CNB specimens
(range, 1-10) were obtained using the single incision, with
the absolute number of cores determined on an individual
basis by the treating surgeon. The fresh cores were trans-
ported directly to the pathology suite. Specimens were
processed routinely for hematoxylin and eosin staining for
permanent and, in many cases, frozen section analysis, with
subsequent special confirmatory or diagnostic staining
and immunohistochemical studies performed at the dis-
cretion of the interpreting pathologist and the availability
of adequate additional fresh tissue. The remainder of the

@ Springer



2776  Adams et al.

Clinical Orthopaedics and Related Research®

Table 1. Distribution of diagnoses

Diagnosis Number
HGPUS/MFH 48
Liposarcoma 38
Osteosarcoma 20
Lymphoma 19
Carcinoma 18
Leiomyosarcoma 16
Synovial sarcoma 16
Miscellaneous rare sarcomas 10
Fibromyxoid sarcoma and fibrosarcoma 8
Rhabdomyosarcoma 8
Chondrosarcoma 7
Sarcoma NOS 6
Melanoma 5
Myeloma/plasmacytoma 4
Ewing’s sarcoma/peripheral neuroectodermal tumor 4
Hemangiopericytoma/angiosarcoma 4
Malignant giant cell tumor 2

HGPUS/MFH = high-grade pleomorphic undifferentiated sarcoma/
malignant fibrous histiocytoma; NOS = not otherwise specified.

specimen then was placed in neutral-buffered formalin for
permanent pathologic analysis. Owing to the long time of
the study, multiple pathologists were responsible for
pathologic specimen processing, review, and interpretation.

CNBs were considered diagnostic if the pathologist was
able to establish a histopathologic diagnosis and assign a
histopathologic grade. Diagnostic biopsies with available
comparative specimens were analyzed for accuracy with
respect to detection of malignancy, histopathologic diag-
nosis, and grade. The diagnosis and grade of biopsies
without comparative specimens were considered accurate
if they were concordant with the clinical behavior, radio-
graphic characteristics, and patient outcome and clinical
course.

CNB errors were analyzed and divided into major and
minor errors. Major errors included any benign CNB
diagnosis for tumors later found to be malignant. Minor
errors were errors in histopathologic diagnosis or grade that
potentially could influence treatment. Discrepancies in
histologic subtype alone (chondroblastic versus osteoblas-
tic) were not considered errors if the histopathologic
diagnosis and grade were concordant. Although analysis of
CNBs on benign neoplasms was not a goal of our study,
these charts were reviewed for major errors and we iden-
tified only one case of a malignant CNB diagnosis in a
benign neoplasm. In this case, a benign histiocytic soft
tissue mass received a diagnosis of a malignant reticulo-
histiocytic sarcoma on CNB and was treated with wide
local excision without neoadjuvant therapy.

@ Springer

On chart review, the following patient data were col-
lected: history of malignancy, location of CNB site,
previous biopsy at the CNB site, previous surgical proce-
dures and surgical margins at the CNB site, history of
radiotherapy at the CNB site, and history of systemic
chemotherapy. Other data recorded included additional
biopsies at the CNB site and the method of biopsy; medi-
cal, surgical, and adjuvant treatments used after the CNB;
any reported complications after CNB; the number of cores
obtained at the time of CNB; and whether the CNB was for
an evaluation for primary diagnosis or local recurrence.
The size of the lesion at the time of CNB as measured
clinically or according to radiographic reports was col-
lected in terms of greatest linear dimension in centimeters.
Pathology reports were reviewed for histopathologic
diagnosis, grade (benign, low, intermediate, or high grade,
or malignancy with further grade unspecified), and specific
tissue types (myxoid, lipomatous, cartilaginous).

Descriptive statistics were used for overall CNB diag-
nostic accuracy rates. Chi square analysis or Fisher’s exact
test, as appropriate, were used for comparing diagnostic
error rates between groups based on tissue type (ie, myx-
oid, nonmyxoid cartilage, nonmyxoid fat versus other) and
CNB core number (ie, < 4 versus > 5 cores). Post hoc
power analysis showed this study had an 88% power to
detect a significant difference between myxoid tissue types
and others, but less than 10% power to detect a difference
between nonmyxoid cartilaginous or fatty tissue types
owing to the nearly identical diagnostic error rates between
the latter groups and the cohort as a whole (excluding
myxoid tissue types). Likewise, as the diagnostic error rate
between the low (< 4) and high (> 5) core number cohorts
was nearly identical across all tissue types at 20% and
19%, respectively, this study had only a 5% power to detect
a difference between these two groups, although no clini-
cally relevant difference was apparent based on the
aforementioned error percentages. Statistical analysis was
performed using SPSS™ Version 15.0 (SPSS Inc, Chicago,
IL, USA) and power analysis using PASS 2008 (NCSS,
Kaysville, UT, USA). All reported p values are two-tailed.

Results

Of the 233 CNBs meeting the inclusion criteria, 212 (91%)
were diagnostic and accurate for malignancy, representing
a 97% accuracy rate for malignancy when nondiagnostic
biopsies were eliminated. Furthermore, 188 (80.7%) of the
CNBs were diagnostic and accurate for histopathologic
diagnosis and grade. The diagnostic biopsy rate was 94%,
with 14 (6%) nondiagnostic CNBs. Four patients with
nondiagnostic CNBs had additional open diagnostic biop-
sies followed by wide local excision. The remaining
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10 cases were considered highly suspicious for malignancy
by the treating surgeon and the patients subsequently were
treated with wide local excision without repeat biopsy.
Thus, none of the 14 nondiagnostic biopsies resulted in
errors in surgical treatment (Table 2).

There were 31 total errors (13.3%), with seven (3.0%)
considered major and 24 (10.3%) considered minor. Of the
seven patients with major errors, four were followed with a
diagnostic open biopsy and wide local excision for defin-
itive surgical treatment. The remaining three patients were
considered highly suspicious for malignancy by the treat-
ing surgeon and the patients were treated with wide local
surgical excision without repeat biopsy. Therefore, none of
the major CNB errors resulted in errors in definitive sur-
gical treatment (Table 3). Of the 24 patients who had
CNBs with minor errors, two had additional open biopsies
that were both inaccurate. For one patient, the CNB and

Table 2. Nondiagnostic core needle biopsies

open biopsy diagnoses supported malignancy (although
neither established the definitive diagnosis), and the patient
was treated appropriately with wide local excision
(Table 4, Patient 24). The patient with the other lesion was
treated with a marginal excision based on an inaccurate
benign diagnosis on the open biopsy and ultimately
required a tumor bed excision for local disease control. The
CNB specimen supported a malignant diagnosis and the
correct histopathologic diagnosis; however, the subsequent
open biopsy erroneously suggested a benign entity and led
to inappropriate initial surgical treatment (Table 4, Patient
24). The remaining 22 patients were treated with wide local
excision without repeat biopsy. Therefore, none of the
CNB minor errors resulted in errors in definitive surgical
treatment. The one surgical treatment error that did occur
in this group was attributable to an error in an open biopsy
diagnosis. There were no local complications from any

Patient CNB  CNB diagnosis Biopsy 2 diagnosis Final diagnosis (grade) Surgical treatment
1 la* Hyperplasia NA HGPUS/MFH (HG) WLE
1 1b* Myxoid change NA HGPUS/MFH (HG) WLE
1 1c* Fibroadipose tissue NA HGPUS/MFH (HG) WLE
1 1d* Fibroadipose tissue NA HGPUS/MFH (HG) WLE
1 le* Granulation tissue NA HGPUS/MFH (HG) WLE
2 Fibroadipose tissue NA Liposarcoma (LG) WLE
3 Cartilaginous lesion Chondrosarcoma (IG) Chondrosarcoma (IG) WLE
4 Fibroadipose tissue NA Myxoid liposarcoma (HG) WLE
5 Fibromuscular tissue NA Squamous cell carcinoma (NG) WLE
6 Nondiagnostic; suspect malignancy ~ NA Acrospiroma (NG) WLE
7 Fibroadipose tissue Renal cell carcinoma (NG)  Renal cell carcinoma (NG) WLE
8 Fibroadipose tissue NA Fibromyxoid sarcoma (LG) WLE
9 Skeletal muscle Ewing’s sarcoma (NG) Ewing’s sarcoma (NG) None
10 Skeletal muscle Lymphoma (HG) Lymphoma (HG) IMN

* Biopsy evaluation for a local recurrence in a patient with a known primary sarcoma; CNB = core needle biopsy; NA = not applicable;
LG = low grade; IG = intermediate grade; HG = high grade; NG = not graded; HGPUS/MFH = high-grade pleomorphic undifferentiated
sarcoma/malignant fibrous histiocytoma; WLE = wide local excision; IMN = intramedullary nail.

Table 3. Major errors

Final diagnosis Surgical treatment

Patient CNB diagnosis ~ Biopsy 2 diagnosis

1 Hematoma High-grade pleomorphic rhabdomyosarcoma
2 Abscess HGPUS/MFH

3 Myxoma NA

4 Hemangioma NA

5 Myxoma NA

6 Giant cell tumor Malignant giant cell tumor

7 Lipoma Malignant granular cell tumor

High-grade pleomorphic rhabdomyosarcoma WLE
HGPUS/MFH WLE
Low-grade myxoid liposarcoma WLE
High-grade leiomyosarcoma WLE
Low-grade myxoid liposarcoma WLE
Malignant giant cell tumor WLE
Malignant granular cell tumor WLE

CNB = core needle biopsy; HGPUS/MFH = high-grade pleomorphic undifferentiated sarcoma/malignant fibrous histiocytoma; NA = not

applicable; WLE = wide local excision.
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Table 4. Minor errors

Patient CNB diagnosis (grade) Biopsy 2 diagnosis Final diagnosis (grade) Surgical
treatment
1 Myxoid liposarcoma (LG) NA Myxoid liposarcoma (HG) WLE
2 Myxoid liposarcoma (LG) NA Myxoid liposarcoma (HG) WLE
3 Myxoid liposarcoma (NG) NA Pleomorphic liposarcoma (HG) WLE
4 Myxoid liposarcoma (IG) NA Myxoid liposarcoma (HG) WLE
5 Myxoid liposarcoma (LG) NA Pleomorphic liposarcoma (NG) WLE
6 Myxoid sarcoma (HG) NA Myxoid liposarcoma (LG) WLE
7 Dedifferentiated liposarcoma (IG) NA Pleomorphic liposarcoma (HG) WLE
8 HGPUS/MFH (HG) NA Liposarcoma (HG) WLE
9 MFH (IG) NA HGPUS/MFH (HG) WLE
10 MFH (LG) NA HGPUS/MFH (HG) WLE
11 Sarcoma NOS (NG) NA HGPUS/MFH (HG) WLE
12 Spindle cell sarcoma (IG/HG) NA HGPUS/MFH (HG) WLE
13 Fibrosarcoma (IG) NA HGPUS/MFH (HG) WLE
14 Leiomyosarcoma (HG) NA HGPUS/MFH (HG) WLE
15 Liposarcoma (HG) NA Malignant peripheral nerve sheath tumor (HG) WLE
16 Sarcoma NOS (HG) NA Fibrosarcoma (HG) WLE
17 Spindle sarcoma (IG) NA Spindle sarcoma NOS (LG) WLE
18 Leiomyosarcoma (LG) NA Pleomorphic leiomyosarcoma (IG) WLE
19 Sarcoma NOS (LG) NA Leiomyosarcoma (HG) WLE
20 Leiomyosarcoma (HG) NA Pleomorphic rhabdomyosarcoma (HG) WLE
21 Sarcoma NOS (NG) NA Clear cell sarcoma (NG) WLE
22 Chondrosarcoma (LG) NA Chondrosarcoma (IG) WLE
23 Solitary fibrous tumor (IG) Solitary fibrous tumor (B) Solitary fibrous tumor (HG) WLE
24 Malignancy unspecified, favor Sarcoma NOS (NG) Alveolar rhabdomyosarcoma (NG) WLE

lymphoma (NG)

CNB = core needle biopsy; LG = low grade, NG = not graded; IG =

intermediate grade; HG = high grade; HGPUS/MFH = high-grade

pleomorphic undifferentiated sarcoma/malignant fibrous histiocytoma; MFH = malignant fibrous histiocytoma; NOS = not otherwise specified;

NA = not applicable; B = benign; WLE = wide local excision.

office-based CNB. Specifically, there were no instances of
local infection, hematoma, substantive bleeding, or inad-
vertent neurovascular injury.

The only studied tissue type with an increased (p =
0.021) rate of CNB error was a myxoid tissue type. The
number of cores obtained at the time of biopsy was highly
variable (mean = 4; range, 1-10); however, we found no
relationship (p = 0.77) between core number and CNB
errors.

Discussion

The optimal technique for the biopsy of malignant neo-
plasms of soft tissue and bone remains controversial and
often is dictated by the preference of the operating surgeon.
Although CNB has become more widely used in recent
years, the literature for diagnostic yield and accuracy
remains quite variable and the current literature does not
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address whether CNB error leads to surgical treatment
error. We asked whether (1) office-based CNB for the
diagnosis of malignant musculoskeletal neoplasms would
be associated with few complications and have diagnostic
accuracy rates comparable to those reported in the litera-
ture for CNB, (2) diagnostic errors related to office-based
CNB would result in subsequent surgical treatment errors,
and (3) specific biopsy-related factors (ie, core number,
tumor type) would affect biopsy yield and accuracy.

Our study has several limitations. First, we lacked
confirmatory pathologic tissue in a subset of 35 patients. In
the patients with malignant lesions for whom confirmatory
diagnostic tissue was not available, we used additional
studies such as immunohistochemistry and cytogenetics to
confirm the histopathologic interpretation and concordant
clinical course and patient followup to determine the
accuracy of the biopsy diagnosis. Second, owing to the
retrospective nature of the study, multiple pathologists
were involved in the interpretation of CNBs which
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precluded a detailed analysis of the effect, if any, of
pathologist experience and training on diagnostic accuracy.
Third, there was high variability in the number of biopsy
cores obtained, and biopsies were completed by two
orthopaedic oncologists. Both surgeons use the same
biopsy technique, practice in the same institutions, and use
the same multidisciplinary conference approach to biopsy
interpretation and surgical decision making. Finally,
although our study highlights the importance of multidis-
ciplinary consultation and musculoskeletal oncologist
involvement in each step of the treatment process,
including biopsy, our results may not be generalizable to
others who treat malignancies infrequently or practice in
relative isolation. Despite these limitations, we believe this
study provides important and clinically relevant informa-
tion regarding CNB.

The few dedicated series analyzing outpatient CNB
show an overall diagnostic accuracy ranging from 84% to
98% [3, 8, 9, 20]. Skrzynski et al. [20] prospectively ana-
lyzed 62 patients undergoing outpatient CNB and reported
an overall diagnostic accuracy of 84%, with 13% of
biopsies considered nondiagnostic, compared with 96%
accuracy in a contemporary cohort of patients undergoing
open biopsy. In a series of CNBs, Heslin et al. [8] obtained
adequate biopsy samples in 93% and established a correct
diagnosis of malignancy in 95%, histology in 75%, and
grade in 88%, results comparable to their open biopsy
results for malignancy and grade. In an analysis by Ball
et al. [3] of 52 CNBs, the overall accuracy was 98%, but
inadequate or nondiagnostic biopsy specimens were
excluded from the statistical analysis. We found office-
based CNB has a 97% accuracy rate for malignancy and is
diagnostic and accurate for histopathologic diagnosis and
grade in 81% of cases. Our findings thus are consistent with
the aforementioned office-based CNB studies, but we
believe our data provide additional useful information by
including nondiagnostic biopsy specimens in the analysis.
Finally, we found patients who had office-based CNBs to
have no complications in our series. Previous studies also
have reported very low complication rates after CNB
[3, 17, 25, 27], a substantial benefit over reported com-
plication rates after open biopsy ranging from 4% to 19%
[4, 10, 11]. We did not specifically address the issue of cost
savings for office-based CNB in this study, but this has
been reported at a savings of $3000 to $6000 per biopsy
versus open techniques [1, 20, 24].

We also analyzed the definitive surgical treatment ren-
dered in all nondiagnostic CNBs and CNB errors. We
divided CNB errors into two groups, major and minor
errors, as we believe these two groups are substantively
different regarding treatment implications. Major errors,
defined as a benign diagnosis in a malignant lesion, have
the potential to substantially alter treatment and patient

outcome if not recognized and adequately addressed. The
impact of minor errors, defined as errors in histopathologic
diagnosis or grade that could influence treatment, is more
difficult to quantify owing to institutional variations in the
administration of neoadjuvant and adjuvant chemotherapy
and radiotherapy. We found CNB errors resulted in no
operative treatment errors. These results must be viewed in
the context of the treating surgeons and institutions, as all
biopsies in this series were performed by a fellowship-
trained orthopaedic oncologist at a tertiary referral center
and routinely reviewed in a multidisciplinary oncology
conference. Therefore, all CNB errors in the series were
recognized and treated appropriately based on multidisci-
plinary analysis and correlation of the available pathologic
specimen with clinicoradiographic data. Clinicoradio-
graphic correlation in biopsy interpretation is essential to all
biopsy techniques as has been recommended by multiple
authors regarding open biopsy interpretation [4, 6, 10, 11].
We analyzed several variables to identify factors that
may increase the error rate in office-based CNB. Skrzynski
et al. [20] and Ogilvie et al. [15] advised caution in CNB
analysis of myxomatous tumors, with the latter reporting
only 11% of myxoid lesion biopsies were useful, compared
with 80% for nonmyxoid lesions. Our data likewise indi-
cate a myxoid neoplasm may increase CNB error risk.
Conversely, we found the number of tissue cores obtained
at the time of biopsy did not correlate with nondiagnostic
biopsies or CNB error in our study. In a prospective study
of 151 image-guided CNBs, Wu et al. [27] reported diag-
nostic yield was increased with the number of specimens
obtained and with longer specimen length, with a plateau
noted at three specimens in bone lesions and four in soft
tissue lesions. Our findings thus seem somewhat surprising,
as lack of tissue volume for diagnosis is one specific
concern with respect to CNB. However, we believe this
may be explained by surgeon technique, as the number of
cores obtained for any given biopsy is dependent on sub-
jective core quality, sample heterogeneity based on
variance of needle trajectory, and overall tissue volume.
Our data suggest office-based CNB of malignant neo-
plasms is an accurate method of diagnosis, with negligible
complication rates, in the hands of fellowship-trained
orthopaedic oncologists. Our findings must be viewed in
the context of the treating surgeons and institutions, as all
biopsies in this series were performed by a fellowship-
trained orthopaedic oncologist at a tertiary referral center
and routinely reviewed in a multidisciplinary oncology
conference. Therefore, all CNB errors in the series were
recognized and treated appropriately based on multidisci-
plinary analysis and correlation of the available tissue
specimens with clinical and imaging data. In a multidis-
ciplinary setting of established treating centers for
musculoskeletal neoplasms, however, nondiagnostic CNBs
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and CNB errors can be identified and addressed appropri-
ately without resultant surgical errors. Specific attention
should be given to the analysis of myxoid neoplasms.
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