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Abstract
Background/Objectives: To determine whether internal or marginal sclerosis in bone tumors affects the
success rate of computed tomography (CT)-guided percutaneous core needle biopsy

Methods: Overall, 479 patients with bone tumors underwent CT-guided percutaneous core needle biopsy
with a 9-gauge (9G) trephine biopsy needle. Based on imaging findings, tumors were classified as non-
sclerotic, internally sclerotic, or marginally sclerotic. Internal sclerosis was subdivided into diffuse and
heterogeneous internal sclerosis; marginal sclerosis was subdivided into mild and marked marginal
sclerosis according to sclerotic-rim thickness. Biopsy success rates among the non-sclerotic, internal
sclerosis, and marginal sclerosis groups were compared using the pairwise chi-square test with
Bonferroni correction. The chi-square test compared success rates between the diffuse and
heterogeneous internal sclerosis subgroups and between the mild and marked marginal sclerosis
subgroups. Univariate binary logistic regression identified factors influencing biopsy success.

Results: Biopsy success differed significantly between the non-sclerotic and marginal sclerosis groups
(χ² = 19.330, P < 0.001), with a lower success rate in the marginal sclerosis group. No significant
differences were found between the non-sclerotic and internal sclerosis groups (χ² = 0.106, P = 0.318),
internal sclerosis and marginal sclerosis groups (χ² = 0.108, P = 0.324), diffuse and heterogeneous
internal sclerosis subgroups (χ² = 0.630, P = 0.401), or mild and marked marginal sclerosis subgroups
(χ² = 0.165, P = 0.495). Marginal sclerosis was associated with CT-guided percutaneous core needle
biopsy failure (OR = 0.178, P < 0.001).

Conclusions: CT-guided percutaneous core needle biopsy with a 9G trephine biopsy needle achieved a
high biopsy success rate in bone tumors. Marginal sclerosis was associated with biopsy failure, whereas
internal sclerosis did not significantly affect biopsy outcomes.

1. Introduction
Bone tumors, encompassing both primary and metastatic lesions, are relatively common, and malignant
bone tumors are associated with poor clinical outcomes. In China, the incidence of malignant bone
tumors is approximately 1.87 per 100,000 population, accounting for 0.63% of all malignancies, whereas
the mortality rate is 1.38 per 100,000 population, representing 0.78% of all cancer-related deaths [1]. The
5-year survival rate remains approximately 25% [2, 3]. Therefore, accurate and timely diagnosis of bone
tumors, together with determination of their biological nature and origin, is crucial for guiding
appropriate treatment, improving patient survival, and maximizing preservation of limb function.

Computed tomography (CT)-guided percutaneous core needle biopsy is the preferred technique for
establishing a definitive diagnosis of bone tumors. As a minimally invasive approach, it offers several
advantages over open biopsy, including preservation of skeletal integrity, minimal soft-tissue injury,
avoidance of general anesthesia, shorter hospital stays, lower healthcare costs, fewer postoperative
complications, and a very low risk of tumor seeding [4–6]. The primary purpose is to obtain adequate
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tissue for pathological diagnosis, thereby helping clinicians formulate appropriate treatment strategies.
Previous studies have reported that several factors may affect the diagnostic yield of bone tumor biopsy,
including tumor histology, lesion location, biopsy needle selection, and the degree of lesion sclerosis [7–
9]. In clinical practice, we have observed that the presence of a sclerotic rim surrounding a bone tumor
may also influence the success rate of CT-guided percutaneous core needle biopsy. Nonetheless,
evidence regarding this potential association remains limited.

Therefore, this retrospective study was conducted to evaluate the effects of internal sclerosis and
marginal sclerosis on the success rate of CT-guided percutaneous core needle biopsy in patients with
bone tumors.

2. Materials and Methods

2.1 The Ethical approval
This study was conducted in accordance with the ethical principles of the Declaration of Helsinki. The
study protocol was reviewed and approved by the Ethics Committee of Tianjin Hospital (Approval No.
tjyy2504). Because this was a retrospective analysis of existing data involving no additional patient
intervention and all data were anonymized before analysis, the Ethics Committee waived the requirement
for informed consent.

2.2 Study population and inclusion/exclusion criteria
A retrospective review was performed of 655 consecutive patients admitted to Tianjin Hospital between
February 2023 and January 2025 who underwent biopsy of bone or soft-tissue mass lesions. Cases
were excluded according to the following criteria: 51 patients who underwent ultrasound-guided biopsy;
63 patients who underwent CT-guided biopsy of soft-tissue tumors; 17 patients with implants adjacent to
the lesion; 17 patients with pathological fractures; and 22 patients who were unable to complete the
biopsy because of patient refusal, coagulation abnormalities, or other reasons. To minimize potential
confounding, CT images were reviewed, and six patients with bone tumors exhibiting both internal
sclerosis and marginal sclerosis were excluded. Ultimately, 479 patients were included in the study. All
biopsies were performed by the same clinical team: operator 1 (XL W, radiologist, 14 years of
experience), operator 2 (ZL J, radiologist, 3 years of experience), operator 3 (JY Z, orthopedic surgeon,
16 years of experience), operator 4 (JW L, orthopedic surgeon, 11 years of experience), and operator 5
(W W, orthopedic surgeon, 4 years of experience). The patient selection process is illustrated in Fig. 1.

2.3 CT imaging and percutaneous core needle biopsy
procedure
All patients underwent CT examination using a 64-slice CT scanner (Discovery CT750 HD; GE Healthcare,
USA). The scanner underwent routine quality control assessments by service engineers every 3 months
to ensure optimal image quality. The scanning range extended 3 cm beyond both the superior and
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inferior margins of the lesion. Scanning parameters were as follows: tube voltage, 100 kV; effective tube
current, 70 mA; pitch, 1.0; reconstruction slice thickness, 0.625 mm; reconstruction interval, 0.625 mm;
and large-body field of view. Based on the CT images, the skin entry site was determined and marked.

Local anesthesia was administered with 2% lidocaine hydrochloride (Shanghai Hefeng Pharmaceutical
Co., Ltd., China). Along the planned needle trajectory, the soft tissues extending from the skin entry site
to the bone cortex or lesion margin were infiltrated with local anesthetic. Biopsy specimens were
obtained using a disposable 9-gauge (9G) trephine biopsy needle (PAG0915; STERYLAB S.r.l., Italy)
(Fig. 2). The specimens were fixed in formalin and submitted to the Department of Pathology for
histopathological assessment. All pathological assessments were performed by the same team of
experienced bone and soft-tissue pathologists (GY X, pathologist with 16 years of experience; SH D,
pathologist with 14 years of experience). For patients who subsequently underwent surgical resection at
our institution, the postoperative pathological diagnosis was regarded as the reference standard.

Biopsy results were categorized into three groups. A result was classified as diagnostic when a definitive
pathological diagnosis could be established from the biopsy specimen. A result was classified as
adequate when a definitive diagnosis could not be established, but the lesion could be reliably
categorized as benign or malignant. A result was classified as non-diagnostic when neither a definitive
diagnosis nor a lesion classification as benign or malignant could be made. For this study, diagnostic
and adequate results were considered successful biopsies, whereas non-diagnostic results were
considered failed biopsies.

2.4 Data analysis
The degree of sclerosis in each bone tumor was assessed independently by two radiologists with
experience in diagnosing bone and soft-tissue tumors (XL W, radiologist, 14 years of experience; ZL J,
radiologist, 3 years of experience). When disagreement occurred, a senior radiologist (XH M, radiologist,
16 years of experience) reviewed the images and made the final determination. The assessment criteria
were based on the method described by Ni et al. [10]. CT images were reviewed to estimate the
proportion of tumor volume exhibiting a density greater than that of the adjacent normal cancellous
bone. Lesions in which ≥ 50% of the tumor volume exhibited increased density were classified as having
internal sclerosis, whereas lesions surrounded by a peripheral sclerotic rim were classified as having
marginal sclerosis. To minimize potential confounding, tumors exhibiting both internal sclerosis and
marginal sclerosis were excluded from the subgroup analyses. The remaining cases were categorized
into three groups: the internal sclerosis group (tumors with internal sclerosis but no sclerotic rim), the
marginal sclerosis group (tumors with a sclerotic rim but no internal sclerosis), and the non-sclerotic
group (tumors with neither internal sclerosis nor marginal sclerosis).

The internal sclerosis group was further subdivided, based on intratumoral sclerosis distribution, into
diffuse internal sclerosis and heterogeneous internal sclerosis subgroups. In the marginal sclerosis
group, the thickness of the sclerotic rim was measured at the 12-, 3-, 6-, and 9-o’clock positions on CT
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images, and the mean value was calculated. A mean sclerotic rim thickness of ≥ 2 mm was defined as
marked marginal sclerosis, whereas a mean thickness of < 2 mm was defined as mild marginal
sclerosis. Accordingly, tumors in the marginal sclerosis group were further categorized into mild and
marked marginal sclerosis subgroups (Fig. 3).

2.5 Complication assessment
Procedure-related complications associated with CT-guided percutaneous core needle biopsy were
documented, recorded, and graded according to the modified Society of Interventional Radiology
Adverse Event Classification System (SIR AE) [11]. The severity of each complication was assessed
using the SIR AE classification system.

2.6 Statistical analysis
Statistical analyses were performed using SPSS version 29.0 (IBM Corp., Armonk, NY, USA). Continuous
variables with a normal distribution were expressed as mean ± standard deviation (mean ± SD). Biopsy
success rates were compared among the internal sclerosis, marginal sclerosis, and non-sclerotic groups
using the chi-square test. Within the internal sclerosis group, success rates were compared between the
diffuse and heterogeneous subgroups using the chi-square test; within the marginal sclerosis group, they
were compared between the mild and marked subgroups using the chi-square test. All statistical tests
were two-sided, and a P value < 0.05 was considered statistically significant. Pairwise comparisons
among the three groups were performed using the chi-square test with Bonferroni correction, with a
significance threshold of P < 0.017. Univariate binary logistic regression was performed to identify
factors associated with biopsy success, and P < 0.05 was considered statistically significant.

3. Results

3.1 Patient characteristics and biopsy outcomes
Overall, 479 patients were included in this study. No significant difference in sex distribution was
observed among the three groups (P = 0.312). Nevertheless, patients in the marginal sclerosis group
were significantly younger than those in the internal sclerosis and non-sclerotic groups (P < 0.001)
(Table 1). In total, 458 biopsies were classified as successful, including 352 diagnostic cases and 106
adequate cases, whereas 21 biopsies were classified as failures, yielding an overall biopsy success rate
of 95.62%. Among the diagnostic cases, metastatic tumors were the most common diagnosis,
accounting for 30.97% (109/352) of cases, followed by enchondroma (13.64%, 48/352), giant cell tumor
of bone (8.52%, 30/352), and plasma cell myeloma (7.67%, 27/352). Of the 352 diagnostic cases, benign,
malignant, and intermediate lesions accounted for 38.64% (136/352), 50.00% (176/352), and 11.36%
(40/352), respectively.

3.2 Comparison of biopsy success rates among the
sclerosis groups and subgroups
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The biopsy success rate was significantly lower in the marginal sclerosis group than in the non-sclerotic
group (P < 0.001) (Table 1). Biopsy success rates did not differ significantly between the diffuse internal
sclerosis and heterogeneous internal sclerosis subgroups (P = 0.401) or between the mild marginal
sclerosis and marked marginal sclerosis subgroups (P = 0.495) (Table 2).

3.3 Univariate binary logistic regression analysis
Univariate binary logistic regression analysis showed that sex (P = 0.452), age (P = 0.566), and internal
sclerosis (P = 0.517) were not significantly associated with biopsy success. Conversely, marginal
sclerosis was a significant predictor of biopsy failure (P < 0.001) (Table 3).

3.4 Complications
A total of 46 patients experienced procedure-related adverse events, corresponding to an overall
complication rate of 9.48%. Of these, 43 were classified as minor adverse events, all consisting of mild
intraprocedural bleeding. These events were managed with local compression, and no clinically
significant postprocedural bleeding was observed during follow-up.

Three patients experienced moderate adverse events. In one patient with a rib lesion, a small
pneumothorax developed after the biopsy procedure. Follow-up imaging demonstrated gradual
spontaneous resolution, and complete resolution of the pneumothorax was confirmed 5 days after the
procedure. The remaining two patients experienced relatively heavy intraprocedural bleeding that
required compression bandaging; no clinically significant postprocedural bleeding was observed in either
patient. One patient was diagnosed with a metastatic tumor based on the biopsy specimen, whereas the
other had a non-diagnostic biopsy result and subsequently underwent surgical treatment. The final
pathological diagnosis in this patient was hemangioma. No severe adverse events occurred during the
study period.
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Table 1
Patient characteristics and biopsy outcomes in patients who underwent CT-guided percutaneous core

needle biopsy of bone tumors
Variable Internal

sclerosis
group

Marginal
sclerosis group

Non-sclerotic
group

χ2/H
value

P
value

Sex       2.327 0.312

Male 32 38 188    

Female 36 25 160    

Age, years 51.50(33.00,
60.00)

36.00(21.00,
60.00)

58.00(40.25,
67.00)

24.493 <0.001

Biopsy success rate
(successful/total)

94.12%(64/68) 85.71%(54/63) 97.70%
(64/348)

19.418 <0.001

Internal sclerosis group vs. marginal sclerosis group 2.583 0.108

Internal sclerosis group vs. non-sclerotic group 2.608 0.106

Marginal sclerosis group vs. non-sclerotic group 19.330 <0.001

Table 2
Comparison of biopsy success rates among the subgroups of the internal sclerosis

and marginal sclerosis groups
Subgroups Successful Failed χ2 value P value

Internal sclerosis group     0.630 0.401

Heterogeneous internal sclerosis 29 1    

Diffuse internal sclerosis 35 3    

Marginal sclerosis group     0.165 0.495

Mild marginal sclerosis 45 7    

Marked marginal sclerosis 9 2    
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Table 3
Univariate binary logistic regression analysis

Variable Univariate binary logistic regression analysis

OR(95% CI) P value

Sex 1.413(0.575–3.474) 0.452

Age, years 0.994(0.972–1.016) 0.566

Internal sclerosis 0.690(0.225–2.117) 0.517

Marginal sclerosis 0.178(0.072–0.443) <0.001

CI, confidence interval; OR, odds ratio.

4. Discussion
This study investigated how tumor sclerosis affects the success rate of CT-guided percutaneous core-
needle biopsy for bone tumors. The results showed that internal sclerosis did not significantly affect
biopsy success, whereas marginal sclerosis was associated with a lower biopsy success rate.

4.1 Factors contributing to the high biopsy success rate
Previous studies have reported considerable variability in the diagnostic performance of CT-guided
percutaneous core-needle biopsy, with diagnostic yields ranging from 49% to 98% and false-negative
rates ranging from 2% to 8% [11]. In this study, the overall biopsy success rate was 95.62%, which is
relatively high. All biopsies were performed using a 9G trephine biopsy needle. Ferreira et al. [16]
reported that fine-needle aspiration biopsy may achieve a higher diagnostic yield than percutaneous
core-needle biopsy when performed alone. However, several studies have reported that larger-diameter
biopsy needles are generally associated with improved diagnostic performance and higher biopsy
success rates [17, 18]. Compared with the biopsy needles used in many previous studies, the 9G trephine
biopsy needle used here has a relatively large bore diameter, which may have contributed to the high
biopsy success rate observed.

4.2 Internal sclerosis does not significantly affect biopsy
success
Previous studies have suggested that sclerotic bone lesions are associated with lower biopsy success
rates [8, 9, 19–21], possibly because the sclerotic components visible on CT images contain relatively
few viable tumor cells for pathological assessment. Here, all available preoperative imaging findings
were carefully reviewed during the biopsy procedure. For tumors with heterogeneous internal sclerosis,
the stylet was removed immediately after the needle tip reached the lesion margin, and tissue sampling
was continued. This technique facilitated the acquisition of non-sclerotic tissue adjacent to the sclerotic
region, ensuring that the biopsy specimen contained both sclerotic and non-sclerotic tissue. For tumors
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with diffuse internal sclerosis, tissue samples were preferentially obtained from areas demonstrating a
relatively lower degree of sclerosis whenever feasible. Similarly, Donners et al. [22] reported satisfactory
biopsy outcomes for sclerotic bone lesions with CT attenuation values below 610 HU. In another study,
Donners et al. [23] successfully used magnetic resonance imaging guidance to facilitate CT-guided
biopsy of metastatic castration-resistant prostate cancer lesions lacking obvious osteolytic components,
further demonstrating that diagnostically adequate tissue can be obtained from tumors with internal
sclerosis when appropriate targeting strategies are employed. Consistent with these findings, no
significant difference in biopsy success rate was observed between bone tumors with internal sclerosis
and those without sclerosis in this study. Therefore, CT-guided percutaneous core needle biopsy may
provide diagnostically adequate specimens for both lesion types when appropriate sampling techniques
are used.

4.3 Marginal sclerosis reduces biopsy success rate
A sclerotic rim surrounding a bone tumor generally indicates relatively inactive biological behavior and is
an important imaging feature for differentiating benign from malignant lesions [24]. Nonetheless, the
effect of marginal sclerosis on biopsy outcomes has received little attention. Here, marginal sclerosis
was associated with a significantly lower biopsy success rate. Interestingly, no significant difference was
observed between the mild and marked marginal sclerosis subgroups, suggesting that the presence of
marginal sclerosis itself, rather than the thickness of the sclerotic rim, may adversely affect tissue
acquisition. Several mechanisms may explain this finding. First, biopsy specimens from tumors with
marginal sclerosis may consist predominantly of normal bone tissue outside the sclerotic rim, thereby
providing limited diagnostic information. In contrast, tumors without a sclerotic rim are more likely to
yield tissue infiltrated by tumor cells and, therefore, have a higher biopsy success rate. Second, the
sclerotic rim may form an intact bone fragment during needle penetration, obstructing the biopsy-needle
lumen and preventing diagnostically useful tissue from entering the sampling channel.

4.4 Complications
The overall complication rate in this study was 9.48%, substantially lower than the 30.3% rate reported
previously [11]. One possible explanation is that all procedures in this study involved bone tumors,
whereas complications such as pneumothorax are primarily associated with biopsies of rib lesions and
other lesions adjacent to the thoracic cavity. Bleeding was the most common complication in our cohort
and was likely related to lesion vascularity. No severe adverse events occurred during the study period,
further supporting the safety of CT-guided percutaneous core needle biopsy.

4.5 Study limitations
Some limitations should be acknowledged. First, the number of tumors with internal sclerosis and
marginal sclerosis was relatively small. Only 11 tumors were classified as having marked marginal
sclerosis, which may have limited statistical power and introduced potential bias. Second, all biopsies
were performed manually using a 9G trephine biopsy needle, without assistance from powered drilling
devices. Powered instruments may improve tissue acquisition in tumors with marginal sclerosis and
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warrant further investigation. Finally, previous studies have shown that rapid on-site evaluation (ROSE) of
biopsy specimens can provide an immediate assessment of specimen adequacy and significantly
reduce biopsy failure rates [25]. Whether ROSE can improve the success rate of CT-guided biopsy in
tumors with marginal sclerosis should be investigated in future studies.

5. Conclusion
CT-guided percutaneous core needle biopsy using a 9G trephine biopsy needle achieved a high success
rate in patients with bone tumors. Marginal sclerosis was identified as a significant factor associated
with biopsy failure and should therefore be carefully considered during the biopsy procedure. In such
cases, ROSE of the biopsy specimens may help improve the success rate. In contrast, internal sclerosis
did not significantly affect biopsy success.

Abbreviations
9G: 9-gauge; AE: adverse event; CI: confidence interval; CT: computed tomography; OR: odds ratio; ROSE:
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Figure 1

Flowchart illustrating the inclusion and exclusion criteria for patients who underwent CT-guided
percutaneous core needle biopsy of bone tumors.
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Figure 2

Components of the 9G trephine biopsy needle used for CT-guided percutaneous core needle biopsy. (A)
handle, (B) hollow cannula, and (C) solid stylet.
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Figure 3

Subgroup classification of bone tumors with marginal sclerosis and internal sclerosis. (A) A lesion in the
distal left femur showing a sclerotic rim with a mean thickness of 1.46 mm, classified as a tumor with
mild marginal sclerosis. (B) A lesion in the left femoral head-neck region showing a sclerotic rim with a
mean thickness of 3.02 mm, classified as a tumor with marked marginal sclerosis. (C) A lesion in the
right clavicle with a density greater than that of the adjacent normal cancellous bone and a
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homogeneous distribution of sclerosis, classified as a tumor with diffuse internal sclerosis. (D) A lesion
in the proximal right tibia in which most areas show a density greater than that of the adjacent normal
cancellous bone, with a heterogeneous distribution of sclerosis and visible soft-tissue density
components, classified as a tumor with heterogeneous internal sclerosis.
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