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Abstract
Purpose: This study aimed to evaluate the diagnostic success of percutaneous biopsies performed for suspected mus-
culoskeletal tumors and to identify clinical, anatomical, and procedural factors associated with the need for repeat biopsy
(re-biopsy). The secondary objective was to assess the impact of multidisciplinary team (MDT) evaluation on reducing
unnecessary re-biopsy procedures.
Methods: A total of 565 patients (331 bone, 234 soft tissue lesions) who underwent percutaneous biopsy for suspected
musculoskeletal tumors between 2020 and 2024 were retrospectively analyzed. Diagnostic success was defined as a biopsy
yielding a definitive histopathological diagnosis sufficient to guide treatment planning without additional tissue sampling.
Predictive factors including lesion size, depth, location, and performing specialty were evaluated using univariate and
multivariate logistic regression analyses.
Results: The initial diagnostic yield was 65.5%. Multivariate analysis revealed that lesion width <2 cm (OR = 2.01; 95% CI,
1.19–3.39; p = 0.009) and biopsy performed by an interventional radiologist (compared to an orthopedic surgeon) (OR =
5.25; 95% CI, 2.83–9.74; p < 0.001) were independent predictors of re-biopsy recommendation. Among 72 patients
recommended for re-biopsy, MDT evaluation averted the need for a second procedure in 38 cases (52.8%).
Conclusion: Smaller lesion size (<2 cm) and the medical specialty performing the biopsy were independent predictors of
re-biopsy recommendation, with the latter likely reflecting systematic differences in case complexity and procedural
environment rather than operator skill. Structured MDT evaluation significantly reduced unnecessary repeat procedures.
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Introduction

Musculoskeletal tumors encompass a broad spectrum of
benign and malignant lesions originating from bone and soft
tissue.1 Accurate histopathological diagnosis is critical for
effective treatment planning and optimal clinical outcomes.2

The success of biopsy procedures, which remain the gold
standard for tissue diagnosis, depends on a complex in-
terplay of clinical, anatomical, and procedural factors.3

In some cases, an initial biopsy may not provide a de-
finitive diagnosis due to non-representative sampling or

interpretive difficulties, necessitating a repeat biopsy (re-
biopsy). Such situations delay treatment, increase patient
anxiety, and place an additional burden on healthcare
resources.4,5 Although several studies have reported that
lesion size, depth, and anatomical site influence diagnostic
yield, the independent contribution of each factor remains
inadequately characterized by robust multivariate models.6

Both interventional radiologists and orthopedic surgeons
play active roles in performing biopsy procedures. For bone
biopsies, the Jamshidi trephine needle (commonly 8–
14 gauge) remains the standard instrument for obtaining
core specimens, while for soft tissue lesions, Tru-cut-type
cutting needles (commonly 12–18 gauge) are
preferred.2,3,7,8 Institutional workflows often influence
which specialty performs the biopsy, with differences in
procedural setting, sedation protocols, imaging guidance
modality, and the number of cores obtained potentially
contributing to variation in diagnostic yield.9–11

Despite these recognized procedural differences, few
studies have used multivariate analysis to determine whether
the performing specialty is an independent predictor of
diagnostic failure after controlling for lesion-related con-
founders. Furthermore, the role of multidisciplinary team
(MDT) evaluation in managing non-diagnostic biopsies has
received limited attention in the orthopedic oncology
literature.12–14

Therefore, this study was designed to determine the rates
of diagnostic failure and re-biopsy recommendations in a
large single-center cohort, to use multivariate analysis to
identify independent clinical and procedural predictors for
re-biopsy, and to measure the impact of a multidisciplinary
tumor board on the final management of non-diagnostic
cases.

Methods

Study design and ethical approval

This study was designed as a single-center retrospective
cohort and approved by the local ethics committee (Ap-
proval No: 2024-126). Due to the retrospective nature of the
analysis, the requirement to obtain informed consent from
patients was waived. This study was conducted in accor-
dance with the Declaration of Helsinki and reported fol-
lowing the Strengthening the Reporting of Observational
Studies in Epidemiology (STROBE) guidelines.

Patient population

A total of 741 patients who underwent their first percuta-
neous biopsy for suspected musculoskeletal tumors at our
tertiary referral hospital between June 2020 and January
2024 were evaluated. After applying the exclusion criteria,
565 patients were included in the final analysis. Of these,
266 (47.1%) had biopsies performed by interventional

Figure 1. Biopsy outcomes and current practice flowchart. The
flowchart represents current practice showing actual study
results (n = 565 patients). Initial diagnostic yield was 370/565
(65.5%), with 123 non-specific results and 72 re-biopsy
recommendations. Interventional radiology biopsies had a
significantly higher re-biopsy recommendation rate (21.8%)
compared to orthopedic oncology (4.7%) (p < 0.001). MDT
evaluation averted re-biopsy in 38/72 (52.8%) cases.
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radiology (IR) and 299 (52.9%) by orthopedic oncology
(OO). The study cohort comprised 331 bone and 234 soft
tissue lesions (Figure 1).

Patients were eligible if they had a clinically or radio-
logically suspected bone or soft tissue tumor, if this was their
first percutaneous biopsy, and if their clinical and radiologic
data were complete. Patients were excluded if they had
incomplete demographic, clinical, or radiologic informa-
tion, if their biopsy had been performed at an outside in-
stitution, or if the biopsy did not involve imaging guidance.

Of the 176 excluded patients: 15 had incomplete clinical
or radiologic data, 6 had biopsies performed at an outside
institution, 64 had superficial lesions biopsied without
imaging guidance, 53 had axial skeletal involvement outside
the sacrum, and 38 had soft tissue biopsies surrounding the
chest or abdominal wall.

Data collection and variable definitions

Independent variables included patient demographics (age,
sex), lesion characteristics (type [bone vs soft tissue], an-
atomical region [upper extremity, lower extremity, pelvis],
size [length and width measured in mm on pre-biopsy MRI/
CT], and depth [suprafascial/subfascial for soft tissue;
cortical/medullary for bone]), and procedural factors (per-
forming specialty [IR vs OO], needle type and gauge,
number of cores obtained, imaging guidance modality, and
sedation protocol). All data were extracted from institutional
electronic medical records and the Picture Archiving and
Communication System (PACS) by two investigators in-
dependently, with discrepancies resolved by consensus.

Biopsy technique

Biopsy procedures were performed using standardized in-
stitutional protocols. The technical parameters for each
specialty are summarized in Table 1. For bone lesions, both
specialties used Jamshidi trephine needles: interventional
radiology (IR) employed 11–14 gauge needles under
computed tomography (CT) guidance with local anesthesia
supplemented by intravenous sedation (50 µg fentanyl) in
the outpatient radiology suite, while orthopedic oncology
(OO) used 11–13 gauge needles under fluoroscopic guid-
ance with sedoanalgesia in the operating room. The Jam-
shidi needle, originally developed by Khosrow Jamshidi in
the 1970s as a trephine biopsy instrument, features a tapered
cutting tip designed to reduce crush artifact and obtain
cylindrical bone core specimens,2 with larger gauge needles
(8–11 gauge) are generally recommended for optimal
specimen retrieval in dense cortical bone.

For soft tissue lesions, both specialties used Tru-cut-type
cutting needles: IR used 11–16 gauge needles under ul-
trasound guidance with local anesthesia only, while OO
used 11–14 gauge needles under ultrasound guidance with
sedoanalgesia. Tru-cut needles are the standard instrument
for soft tissue core biopsy, with 18 gauge generally con-
sidered sufficient for most musculoskeletal soft tissue le-
sions, while 11–16 gauge needles may provide improved
specimen quality in heterogeneous or partially calcified
tumors.3 Notably, IR typically obtained a single core
specimen per bone biopsy, whereas OO routinely obtained
3–6 cores. For soft tissue biopsies, IR obtained 3–5 cores
while OO obtained 3–6 cores; additionally, OO consistently

Table 1. Biopsy procedural protocols by performing specialty.

Feature Interventional radiology Orthopedic oncology

Setting Outpatient Operating room
Bone biopsy
Needle type Jamshidi needle Jamshidi needle
Gauge 11–14 gauge 11–13 gauge
Imaging
guidance

CT Fluoroscopy

Anesthesia Local (10 mL 2% prilocaine) + IV sedation (50 µg fentanyl) Sedoanalgesia (midazolam, fentanyl, ketamine,
propofol)

Entry points Single Single
Specimens Single Multiple (3–6 cores)

Soft tissue biopsy
Needle type Tru-cut needle Tru-cut needle
Gauge 11–16 gauge 11–13 gauge
Imaging
guidance

Ultrasound Ultrasound

Anesthesia Local only (10 mL 2% prilocaine) Sedoanalgesia (midazolam, fentanyl, ketamine,
propofol)

Entry points Single Single
Specimens Multiple (3–5 cores) Multiple (3–6 cores)

CT, computed tomography; IR, interventional radiology; IV, intravenous; OO, orthopedic oncology.
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used larger gauge needles (11–13G vs 11–16G). For bone
biopsies, IR used local anesthesia supplemented by intra-
venous sedation (50 µg fentanyl), whereas for soft tissue
biopsies, IR used local anesthesia only (10 mL 2%
prilocaine).

Outcome measures

The primary outcome was whether the initial percutaneous
biopsy was diagnostically successful, defined as yielding a
definitive histopathological diagnosis that enabled treat-
ment planning without additional tissue sampling. This
determination was made by the treating orthopedic on-
cologist after reviewing the pathology report in the clinical
context, and it represented the initial clinical assessment
prior to and independent of subsequent MDT review. The
primary outcome measure was the result of the initial
percutaneous biopsy, classified into three categories: (1)
Diagnostic (n = 370, 65.5%): a definitive histopatholog-
ical diagnosis was established enabling treatment planning
without additional tissue sampling; (2) Non-specific (n =
123, 21.8%): pathology revealed non-specific reactive,
inflammatory, or necrotic tissue without a definitive di-
agnosis; and (3) Re-biopsy recommended (n = 72, 12.7%):
the treating orthopedic oncologist determined that the
available pathological material was insufficient for reli-
able treatment planning, and repeat tissue sampling was
formally recommended. The secondary outcome was
whether MDT evaluation successfully resolved the diag-
nostic uncertainty and averted the need for a second in-
vasive procedure.

Follow-up and multidisciplinary team evaluation

Median follow-up duration was 14 months (interquartile
range, 8–24 months). All cases with non-diagnostic or in-
consistent biopsy results were evaluated by a weekly or-
thopedic oncology council consisting of an orthopedic
oncologist, radiologist, pathologist, and medical oncologist.
The final decision regarding the need for re-biopsy was
determined through MDT consensus rather than by any
single clinician.

Statistical analysis

Continuous variables were summarized as mean ± standard
deviation (SD) or median and interquartile range (IQR) after
assessing distributions using the Shapiro-Wilk test. Cate-
gorical variables were reported as numbers and percentages.
For univariate analysis, chi-square or Fisher’s exact tests
were used for categorical variables, and independent sam-
ples t-tests or Mann-Whitney U tests were used for con-
tinuous variables, as appropriate. All statistical analyses

were performed using IBM SPSS Statistics, version 26.0
(IBM Corp., Armonk, NY, USA).

The following variables were included in the univariate
analysis: age, sex, lesion type (bone vs soft tissue), ana-
tomical region (upper extremity, lower extremity, pelvis),
lesion length (mm), lesion width (mm), lesion depth
(suprafascial/cortical vs subfascial/medullary), and per-
forming specialty (IR vs OO). The complete univariate
analysis results are provided in Supplemental Table S1. A
multivariate binary logistic regression model was con-
structed to determine independent predictors of re-biopsy
recommendation. Variables with p < 0.20 in univariate
analysis were entered into the model using forward
stepwise (likelihood ratio) selection with entry criterion
p < 0.05 and removal criterion p > 0.10. The final model
included lesion width (dichotomized as < 2 cm vs >=
2 cm), lesion type (bone vs soft tissue), lesion depth, and
performing specialty (IR vs OO). Model fit was assessed
using the Hosmer-Lemeshow test, and discriminative
ability was evaluated by the area under the receiver op-
erating characteristic (ROC) curve. Procedural variables
such as number of cores obtained, needle gauge, and se-
dation protocol were not included in the multivariate
model because these parameters were inherently deter-
mined by the performing specialty rather than varying
independently across individual cases, and their inclusion
would have introduced severe multicollinearity with the
specialty variable. Results were expressed as adjusted odds
ratios (OR) with 95% confidence intervals (CI).

This study is a retrospective analysis of all eligible cases
during the defined period. No formal a priori power
analysis was performed. However, post hoc sensitivity
analysis demonstrated that with a sample size of 565 and a
re-biopsy recommendation rate of 12.7%, the study had
over 80% power to detect an odds ratio of 2.0 or greater at
alpha = 0.05. There were no missing data for the primary
outcome or the independent variables included in the re-
gression model; therefore, no imputation methods were
required.

Results

Cohort demographics and lesion characteristics

The final study population consisted of 565 patients with a
mean age of 41.1 ± 20.1 years (range, 0–95). Of these, 300
(53.1%) were female and 265 (46.9%) were male. A total of
331 lesions (58.6%) originated from bone and 234 (41.4%)
from soft tissue. The lower extremity was the most common
location (n = 306, 54.2%), followed by the upper extremity
(n = 149, 26.4%) and pelvis with acetabulum (n = 110,
19.5%). Regarding lesion depth, 308 (54.5%) were med-
ullary, 179 (31.7%) deep/subfascial, 55 (9.7%) superficial/
suprafascial, and 23 (4.1%) cortical. Lesion dimensions by
re-biopsy outcome are presented in Table 4. The complete
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demographic and lesion characteristics are presented in
Table 2.

Initial biopsy results and departmental comparison

The initial biopsy provided a definitive diagnosis in 370
(65.5%) cases. Results were reported as non-specific in
123 (21.8%) and re-biopsy was recommended in 72
(12.7%). The rate of re-biopsy recommendation was sig-
nificantly higher for biopsies performed by IR (58/266,
21.8%) compared to OO (14/299, 4.7%) (p < 0.001). The
diagnostic rates, non-specific results, and re-biopsy rec-
ommendations stratified by performing specialty are de-
tailed in Table 3.

Univariate analysis

In the univariate analysis, re-biopsy recommendation was
significantly associated with smaller lesion dimensions
(both craniocaudal length [39.6 ± 25.3 vs 49.2 ± 35.1 mm,
p = 0.026] and mediolateral width [23.5 ± 13.9 vs 31.8 ±
23.1 mm, p < 0.001]), bone lesion type (p = 0.081, trend

level), and performing specialty (p < 0.001). Sex, age,
anatomical region, and lesion depth did not show statisti-
cally significant associations with re-biopsy recommenda-
tion (Table 4). The complete univariate results for all
analyzed variables are provided in Supplemental Table S1.

Independent predictors of re-biopsy:
Multivariate analysis

The multivariate logistic regression model identified two
independent predictors for re-biopsy recommendation
(Table 5). Lesions with a width <2 cm had a significantly
higher likelihood of re-biopsy recommendation (OR = 2.01;
95% CI, 1.19–3.39; p = 0.009). Biopsy performed by the IR
department remained the strongest independent predictor
(OR = 5.25; 95% CI, 2.83–9.74; p < 0.001). Lesion type and
lesion depth did not retain statistical significance after
multivariate adjustment. The Hosmer-Lemeshow goodness-
of-fit test indicated adequate model calibration (p = 0.72),
and the area under the ROC curve was 0.78 (95% CI, 0.73–
0.83), indicating acceptable discriminative ability.

Resolution of cases with re-biopsy recommendations

Among the 72 patients recommended for re-biopsy, 38
(52.8%) were managed successfully without a second
invasive procedure following MDT review. The MDT
avoided re-biopsy through three principal mechanisms:
radiologic-pathologic correlation (n = 22, 57.9%),
whereby integrated review of imaging findings with
pathological features established a concordant working
diagnosis; clinical context integration (n = 10, 26.3%), in
which clinical behavior, serial imaging, or laboratory data
provided sufficient diagnostic confidence; and decision
for direct surgical resection (n = 6, 15.8%), where the
MDT determined that definitive surgical excision served
as both a diagnostic and therapeutic intervention, rendering
a repeat biopsy unnecessary. The remaining 34 patients
(47.2%) underwent repeat biopsy. This 52.8% re-biopsy
avoidance rate represents a clinically meaningful contri-
bution of structured MDT evaluation and highlights the
value of a multidisciplinary diagnostic safety net in mus-
culoskeletal oncology.

Table 3. Comparison of initial biopsy results according to the department performing the procedure.

Initial biopsy results IR (n = 266) OO (n = 299) Total (N = 565) p value

Diagnostic, n (%) 150 (56.4) 220 (73.6) 370 (65.5)
Non-specific, n (%) 58 (21.8) 65 (21.7) 123 (21.8)
Re-biopsy recommended, n (%) 58 (21.8) 14 (4.7) 72 (12.7) < 0.001

Values are presented as n (%). IR, interventional radiology; OO, orthopedic oncology.
Chi-square test, p < 0.001 for overall comparison between departments.

Table 2. Basic demographic and lesion characteristics of the study
population (N = 565).

Feature Value

Age (years), mean ± SD 41.1 ± 20.1
Sex, n (%)
Female 300 (53.1)
Male 265 (46.9)

Lesion type, n (%)
Bone 331 (58.6)
Soft tissue 234 (41.4)

Anatomical region, n (%)
Lower extremity 306 (54.2)
Upper extremity 149 (26.4)
Pelvis + acetabulum 110 (19.5)

Lesion depth, n (%)
Superficial/Suprafascial 55 (9.7)
Deep/Subfascial 179 (31.7)
Cortical 23 (4.1)
Medullary 308 (54.5)

Values are presented as mean ± SD or n (%). SD, standard deviation.
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Discussion

This large retrospective study identified two independent
predictors of initial diagnostic failure and re-biopsy rec-
ommendation in musculoskeletal tumor biopsies: lesion
width less than 2 cm and biopsy performed by interventional
radiology. Most importantly, we demonstrated that sys-
tematic MDT evaluation averted the need for repeat biopsy
in over half of recommended cases, underscoring the role of
structured multidisciplinary review as a diagnostic
safety net.

Diagnostic yield and comparison with literature

The 65.5% initial diagnostic yield in our study is sub-
stantially lower than reference values in the literature, which

typically report 85–98% for musculoskeletal biopsies.15–18

Our re-biopsy recommendation rate of 12.7% approaches
the upper limit of the 2–13% non-diagnostic rate reported
in the literature.14,19 This discrepancy is partially at-
tributable to our inclusive study design that captured both
bone and soft tissue tumors across all anatomical regions.
Furthermore, our conservative definition of diagnostic
success required a pathological diagnosis sufficient to
enable definitive treatment planning, which is a more
stringent criterion than many studies that include de-
scriptive or suggestive pathological reports as
diagnostic.15,20 Additionally, our cohort included a high
proportion of small lesions (mean mediolateral width in
the re-biopsy group: 23.5 mm, with smaller lesions sig-
nificantly overrepresented), which are known to have
lower diagnostic yield.

Table 5. Multivariate logistic regression analysis of independent predictors for re-biopsy recommendation.

Variable B S.E. Wald df p value OR 95% CI

Lesion width <2 cm (vs. ≥ 2 cm) 0.699 0.267 6.870 1 0.009* 2.01 1.19–3.39
Department (IR vs. Ortho) 1.658 0.315 27.725 1 <0.001* 5.25 2.83–9.74
Constant �3.038 0.309 96.682 1 <0.001*

B, regression coefficient; S.E., standard error; df, degrees of freedom; OR, odds ratio; CI, confidence interval; IR, interventional radiology.
Model: forward stepwise logistic regression (likelihood ratio). Entry criterion p < 0.05, removal criterion p > 0.10.
*Statistically significant (p < 0.05).

Table 4. Univariate analysis of factors associated with re-biopsy recommendation.

Variable Re-biopsy recommended (n = 72) Re-biopsy not recommended (n = 493) p value

Age (years), mean ± SD 41.9 ± 20.3 41.0 ± 20.1 0.735
Sex, n (%) 0.186
Female 33 (5.8) 267 (47.3)
Male 39 (6.9) 226 (40.0)

Lesion type, n (%) 0.081
Bone 49 (8.7) 282 (49.9)
Soft tissue 23 (4.1) 211 (37.3)

Lesion depth, n (%)
Soft tissue 0.078
Superficial/Suprafascial 2 (0.9) 53 (22.6)
Deep/Subfascial 21 (9.0) 158 (67.5)

Bone 0.393
Cortex 2 (0.6) 21 (6.3)
Medulla 47 (14.2) 261 (78.9)

Lesion dimensions (mm), mean ± SD
CC Length 39.6 ± 25.3 49.2 ± 35.1 0.026*
ML width 23.5 ± 13.9 31.8 ± 23.1 <0.001*

First biopsy performer, n (%) <0.001*
Interventional radiology 58 (10.3) 208 (36.8)
Orthopedic oncology 14 (2.5) 285 (50.4)

Values are presented as mean ± SD or n (%). CC, craniocaudal; ML, mediolateral.
Chi-square or Fisher’s exact test for categorical variables; independent t-test or Mann-Whitney U for continuous variables.
*Statistically significant (p < 0.05).
Note: Percentages in the Re-biopsy and Not Recommended columns represent proportions of the total cohort (N = 565).
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Lesion size as an independent predictor

Our finding that lesion width <2 cm is a strong predictor of
failure (OR, 2.01; 95%CI, 1.19–3.39; p = 0.009) is consistent
with previous reports.19–21 Small targets increase the risk of
sampling error, with the needle potentially sampling sur-
rounding reactive tissue or necrotic areas rather than viable
diagnostic tumor.22,23 This finding has direct clinical impli-
cations: for lesions measuring less than 2 cm, pre-procedural
MDT discussion should guide the optimal biopsy approach,
including the consideration of operating room-based proce-
dures with multiple sampling passes and appropriate sedation
to allow precise needle placement.

Performing specialty as an independent predictor

The finding that biopsies performed by IR were indepen-
dently associated with a significantly higher rate of re-
biopsy recommendation (OR 5.25; 95% CI, 2.83–9.74;
p < 0.001) requires nuanced interpretation. This result
should not be construed as an indication that one specialty
performs biopsies more competently than the other. Rather,
multiple systematic and institutional factors likely con-
tribute to this observed difference.

First, referral patterns and case selection differed between
specialties at our institution. IR was typically assigned
technically challenging cases, including smaller lesions,
those in anatomically difficult locations, or lesions adjacent
to critical neurovascular structures. Although we excluded
certain anatomically complex regions (axial skeleton, chest
and abdominal wall) and adjusted for measurable con-
founders in the multivariate model, residual selection bias
inherent to the retrospective design cannot be entirely
eliminated.

Second, procedural environment and sedation protocols
differed substantially. OO performed biopsies in the oper-
ating room under sedoanalgesia, which provides a con-
trolled environment with the ability to reposition the needle,
take multiple passes, and obtain larger core specimens. In
contrast, IR biopsies were performed in the outpatient ra-
diology suite under local anesthesia (supplemented by 50 µg
intravenous fentanyl for bone biopsies only), where patient
discomfort may limit the number and quality of samples
obtained.

Third, the number of cores and needle gauge differed
between specialties. For bone biopsies, OO routinely ob-
tained 3–6 cores using 11–13 gauge Jamshidi needles,
whereas IR typically obtained a single core using 11–
14 gauge needles. For soft tissue lesions, OO used larger
gauge needles (11–13G Tru-cut) compared to IR (14–16G
Tru-cut). The relationship between the number of cores,
needle gauge, and diagnostic yield has been well docu-
mented; larger specimens and multiple passes increase the
probability of capturing representative diagnostic
tissue.3,12,20,24,25

Fourth, the choice of imaging guidance differed: OO
used fluoroscopy for bone lesions, whereas IR used CT
guidance. While CT provides superior cross-sectional vi-
sualization, fluoroscopy allows real-time, dynamic needle
manipulation, which may facilitate more targeted sampling
in certain clinical scenarios. For soft tissue biopsies, both
specialties used ultrasound guidance.

Fifth, it is important to note that IR operates without an
on-site pathology assessment (rapid on-site evaluation,
ROSE) at our institution. Immediate specimen adequacy
assessment could potentially reduce non-diagnostic sam-
pling rates but was not available in the IR workflow during
the study period.

The existing literature on specialty-related differences
in biopsy yield presents mixed findings. Kubo et al.9

performed a meta-analysis reporting comparable diag-
nostic accuracy between radiologists and orthopedic
surgeons for soft tissue and bone sarcomas when case
complexity was controlled. Cengiz et al.10 similarly found
no significant difference in diagnostic accuracy between
specialties in a single-center analysis. Rozenberg et al.11

reported that IR-performed biopsies can achieve diag-
nostic yields equivalent to surgical biopsies with ap-
propriate case selection and technique. These studies,
however, generally did not account for the procedural
variables we have identified, including the number of
cores, sedation environment, and needle gauge, which
may represent modifiable factors that could improve di-
agnostic yield across both specialties.

We acknowledge that the retrospective nature of our
study precludes definitive conclusions regarding causality.
A prospective investigation controlling for case complexity,
number of cores, needle gauge, sedation protocol, and
imaging modality would be necessary to determine whether
the observed specialty-related difference is attributable to
specific modifiable procedural factors rather than con-
founding by indication.

Role of multidisciplinary team evaluation

Perhaps the most clinically meaningful finding of our study
is the role of the MDT as a ‘diagnostic safety net.’ In our
series, MDT evaluation established a reliable working di-
agnosis and treatment plan for 38 of 72 patients (52.8%)
initially recommended for re-biopsy. This was achieved by
integrating radiologic-pathologic correlation (57.9%),
clinical context (26.3%), and direct surgical excision
planning (15.8%). This finding aligns with the growing
emphasis on multidisciplinary management in musculo-
skeletal oncology.19,26–29 The 52.8% re-biopsy avoidance
rate supports the recommendation that all non-diagnostic
musculoskeletal tumor biopsies should undergo structured
MDT review before a repeat invasive procedure is pursued.

Yücesan et al. 7



Clinical implications

Our results suggest the need for a risk-stratified approach to
biopsy planning. For high-risk lesions (particularly
those <2 cm in width), pre-procedural MDT discussion
should guide the optimal biopsy approach, potentially
directing such cases toward operating room-based proce-
dures with multiple sampling passes and appropriate
needle selection (Jamshidi for bone [8–14 gauge]; Tru-cut
for soft tissue [12–18 gauge]).30 Furthermore, the modi-
fiable procedural differences identified between special-
ties, particularly the number of cores obtained and needle
gauge, suggest opportunities for protocol optimization.
Standardizing biopsy protocols to include multiple core
specimens and larger gauge needles, regardless of the
performing specialty, may improve diagnostic yield. All
non-diagnostic cases should undergo structured MDT
evaluation before re-biopsy is performed.31 The proposed

risk-stratified biopsy planning algorithm is presented in
Figure 2.

Strengths and limitations

The strengths of this study include its large cohort size (n =
565), inclusion of both bone and soft tissue tumors, and
direct, statistically adjusted comparison between two main
specialties within a single institution. The multivariate
model demonstrated acceptable discriminative ability
(AUC = 0.78), and all cases were reviewed through a
standardized MDT process. However, important limitations
must be acknowledged. The retrospective design introduces
inherent selection bias, particularly regarding the non-
random assignment of cases to IR and OO. Because the
performing specialty was determined by institutional re-
ferral patterns rather than randomization, the observed
difference in re-biopsy rates may partly reflect systematic
differences in case complexity that were not fully captured
by the available covariates. The single-center design may
limit generalizability. Additionally, we were unable to
control for individual operator experience, which may vary
within each specialty. The lack of rapid on-site patho-
logical evaluation (ROSE) in the IR setting represents a
potentially modifiable factor that was not analyzed sepa-
rately. The use of forward stepwise variable selection,
while pragmatic, may be sensitive to the order of variable
entry and can yield unstable models in smaller samples;
however, the consistency of our findings with existing
literature supports the robustness of the identified pre-
dictors. The lack of a formal a priori power analysis is a
further methodological limitation, although the post hoc
analysis demonstrated adequate power for the observed
effect sizes. Future multicenter, prospective studies with
standardized biopsy protocols across specialties are needed
to validate these findings and to determine whether
equalizing procedural parameters (number of cores, needle
gauge, sedation) would eliminate the observed specialty-
related difference.

Conclusion

Smaller lesion size (<2 cm) and the medical specialty
performing the biopsy were independent predictors of re-
biopsy recommendation in musculoskeletal tumor biopsies.
The specialty-related difference likely reflects systematic
variations in procedural environment, number of cores
obtained, and needle gauge rather than differences in op-
erator competence, warranting prospective investigation of
modifiable biopsy parameters. Structured MDT evaluation
averted unnecessary repeat procedures in over half of rec-
ommended cases, supporting its routine integration into
musculoskeletal tumor management pathways.

Figure 2. Proposed risk-stratified biopsy planning algorithm for
musculoskeletal tumors. High-risk lesions (<2 cm in width)
should undergo pre-procedural MDT discussion and
consideration of operating room-based biopsy with extensive
sampling using appropriate needle types (Jamshidi for bone [8–
14 gauge]; Tru-cut for soft tissue [12–18 gauge]). All non-
diagnostic cases should undergo structured MDT evaluation before
re-biopsy is performed.
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