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Abstract
Purpose To assess the e�ciency and safety of a modi�ed bone cement pusher in percutaneous
vertebroplasty (PVP) combined with a multi-target negative pressure rotary-cutting technique in puncture
biopsy of bone tumors.

Methods The biopsy performed with the modi�ed bone cement pusher commonly used in PVP, and a
multi-target negative pressure rotary-cutting technique. A total of 120 patients with spinal and pelvic
tumors undergoing needle biopsy in our department were recruited and assigned to new biopsy device
group (group A, n=60) or and conventional biopsy device group (group B, n=60). The puncture time,
positive rate, consistency rate, and dependence rate between group A and B were compared to assess the
e�ciency and safety of the new device.

Results No biopsy-related complications were reported in both groups. The puncture time (39.44±8.885
min vs. 61.61±9.880 min), positive rate (96.67% vs. 61.67%), consistency rate (96.55% vs. 81.8%), and
dependence rate (100% vs. 83.33%) were signi�cantly superb in group A compared with those in group B
(all P<0.05). Patients in group A did not require repeated biopsies, and su�cient samples were obtained
through the needle trajectory in PVP. All patients with a de�nite diagnosis were managed with appropriate
treatments.

Conclusions  Featuring high safety, positive rate and consistency rate, the new device can be performed
to collect su�cient pathological samples from multiple angles. Wide clinical replication can be expected
considering its evident diagnostic e�ciency for bone tumor.  

Introduction
Early diagnosis and timely treatment are critical for the prognosis of bone tumors. The diagnosis of bone
tumors is established on a combination of clinical, imaging and pathological characteristics[1,2].
However, imaging indexes may vary signi�cantly among individuals. Pathological examinations, as a
result, exert determinacy in the accurate diagnosis and selection of therapeutic strategies. A biopsy is the
main method to collect tissue samples for pathological examination[3,4]. Compared with open surgical
biopsy, CT-guided percutaneous biopsy has been widely applied for bone tumors because of its higher
safety, simpler procedures and less complications[5,6,7]. However, the biopsy through a thin needle or a
cannula is restricted by low repeatability, contamination in surrounding tissues, insu�cient tissue, and
high false positive rate. In particular, osteogenic bone tumors have usually a sclerotic bone hardly to be
penetrated by a thin needle or a cannula. How to safely, easily and accurately collect bone tumor tissues
through biopsy is critical for a de�nite pathological diagnosis. In the present study, we designed a device
using a modi�ed bone cement pusher in PVP and a multi-target negative pressure rotary-cutting
technique, and tested its e�cacy and safety in puncture biopsy of bone tumors.

1 Methods
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1.1 General information
A total of 120 patients with spinal and pelvic tumors undergoing puncture biopsy in our department were
recruited and assigned to the new biopsy device group (group A, n=60) and the conventional biopsy
device (group B, n=60). Among 40 patients with spinal tumors and 20 with pelvic tumors in group A, 43
presented with osteogenic bone destruction, and 17 with osteolytic bone destruction. Among 40 patients
with spinal tumors and 20 with pelvic tumors in group B, 30 presented with osteogenic bone destruction
and 30 with osteolytic bone destruction.  

1.2  Biopsy devices
A 64-slice spiral CT machine, disposable thoracentesis package, 100 ml of normal saline, 10 ml of 2%
lidocaine hydrochloride injection, heparin sodium injection, a novel puncture biopsy device (Figure 1 We
have applied for a patent the patent number was ZL 2019 2 2137859.8) and a conventional puncture
biopsy device (Figure 2) were used in this study. We modi�ed the injection cannula of the bone cement
pusher used in PVP. Its smooth edge was serrated with proper size, thickness, rigidity and strength. 

1.3 Preparation for puncture biopsy 
Routine blood test, coagulation factor test and imaging examinations were performed. Informed consent
was obtained prior to puncture biopsy. Eligible were patients who were in good general conditions, could
maintain a supine or prone position for a minimum of 30 min, presented normal routine blood and
coagulation indexes, and had intact skin at the site of puncture. 

1.4 Biopsy groups and Methods

1.4.1 New puncture biopsy device group (group A)

(1) Spinal tumors
Approaches through the pedicle, costovertebral joint or lateral vertebra were set in the biopsy for the
spinal tumor. Puncture targets, entry points and angles were marked with preoperative CT. After routine
sterilization and draping, local anesthesia was performed by injecting 2% lidocaine hydrochloride into the
periosteum of pedicles with a long, thin needle. Through a 1-cm longitude incision, the modi�ed needle
was inserted through the pre-determined entry point and angle. The guide wire was withdrawn once
having approached the pedicle of vertebral arch. Subsequently, the injection cannula of the bone cement
pusher was inserted into the vertebral needle trajectory created according to PVP procedures, and �xed. A
60 ml syringe connected to the end of the injection cannula of the bone cement pusher, in which a
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negative pressure spring was placed, was slowly inserted into the tumor lesion for aspiration. During the
rotary cutting by the serrated edge, columnar tissues with a diameter of the inner injection cannula were
collected, placed in normal saline containing heparin, and �ltered using sterilized gauze. The injection
cannula of bone cement pusher was extubated, while the vertebral needle trajectory was retained for
repeated biopsies using the rotary-cutting technique at different angles and depths, until satisfactory
samples were obtained. Biopsy samples were �nally �xed in 4% formalin and sent for pathological
examinations.  

(2) Pelvic tumors
The entry point was set within the scope of skin incision. Puncture targets, entry points and angles were
determined by preoperative CT. The biopsy procedures for pelvic tumors were similar to those for spinal
tumors. 

1.4.2 Conventional puncture biopsy device group (group B)

(1) Spinal tumors
Approaches through the pedicle, costovertebral joint or lateral vertebra were selected in the puncture
biopsy for spinal tumors. Puncture targets, entry points and angles were determined by preoperative CT.
After routine sterilization and draping, local anesthesia was performed by injecting 2% lidocaine
hydrochloride into the periosteum of pedicles using a long, thin needle. Through a 1-cm longitudinal
incision, the conventional needle was inserted through the pre-determined entry point and angle, and
advanced to the pedicle of the vertebral arch. Biopsy samples were collected by the rotary-cutting
technique , placed in normal saline containing heparin, �ltered using sterilized gauze and �xed in 4%
formalin for pathological examinations. 

If the tissue without lesion was punctured, the above steps were repeated again to obtain the pathological
tissue by repeated puncture.  

(2) Pelvic tumors
The entry point was set within the scope of skin incision. Puncture sites, entry points and angles were
determined by preoperative CT. The procedures of puncture biopsy for pelvic tumors were similar to those
for spinal tumors. 

1.5 Evaluation index
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The puncture time, positive rate, consistency rate, and dependence rate between group A and B were
compared to assess the e�cacy and safety of the new device.  In detail, positive biopsy was de�ned as
the de�nite diagnosis or qualitative diagnosis of samples; and negative biopsy as failure to obtain
samples, or samples having no pathological diagnostic values and leading to inaccurate qualitative
diagnosis. The consistency was de�ned as agreement between diagnoses based on biopsy samples and
postoperative results. The dependence was de�ned as patients’ cooperation and satisfaction during the
puncture biopsy. 

 1.6 Statistical Processing
SPSS 21.0 statistical software was used for analysis. The measurement data were expressed as mean ±
standard deviation (X¯±S )and the counting data as a percentage (%). T-test was used for measurement
data, the chi-square (χ2) test or non-parametric test was used for counting data, and P<0.05 was
considered statistically signi�cant.

2 Results
No puncture-related complications were reported in both groups. The puncture time was signi�cantly
shorter in group A than in group B (39.44±8.885 min vs. 61.61±9.880 min, P<0.05). Besides, the positive
rate (96.67% vs. 61.67%), consistency rate (96.55% vs. 81.8%), and dependence rate (100% vs. 83.33%)
were signi�cantly higher in group A than in group B (all P<0.05) (Table 1).

 
Table 1

Comparison of the evaluation indices between the Groups A and B(X±S)
Item puncture

time(min)
positive
rate(%)

consistency
rate(%)

dependence
rate(%)

Group
A(N=60)

39.44±8.885 96.67%
(58/60)

96.55% (56/58) 100% (60/60)

Group
B(N=60)

61.61±9.880 61.67%
(37/60)

81.8% (30/37) 83.33% (50/60)

T/χ2 13.03 22.282 6.304 10.909

P-value .000 .000 .012 .001

Among the 58 patients with positive biopsy results in group A, 56 showed consistency with postoperative
pathological diagnosis (Figure 3), including 23 with metastatic tumors (Figure 4), 20 with primary tumors
(5 with osteosarcoma, 3 with Ewing’s sarcoma, 5 with giant cell tumor of bone, 1 with schwannoma, 4
with chordoma, and 2 with chondrosarcoma), 2 with hemangioma, 5 with myeloma, 4 with lymphoma,
and 2 with spinal tuberculosis.
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Among the 37 patients with positive biopsy results in group B, 30 showed consistency with postoperative
pathological diagnosis (Figure 5), including 15 with metastatic tumors (Figure 4), 9 with primary tumors
(4 with osteosarcoma, 3 with giant cell tumor of bone and 2 with chordoma), 3 with myeloma, 2 with
lymphoma and 1 with spinal tuberculosis.

Discussion
Pathological examination is the golden method for diagnosing bone tumors, proposing treatment
strategies and assessing therapeutic e�cacy[8,9]. Pathological samples are usually collected through
open surgical biopsy or puncture biopsy. The former is featured by su�cient samples and high accuracy
up to 98%[10]. However, it is limited by high medical cost, massive trauma, and contamination in
surrounding tissues[8]. Characterized with simple procedures, less complications and high accuracy
percutaneous biopsies are commonly used for bone tumors, including �ne-needle aspiration biopsy and
cannula puncture biopsy[11]. Su�cient biopsy samples are essential to pathological diagnosis[12]. In
�ne-needle aspiration biopsy, however, insu�cient samples are collected, and their quality are often
reduced due to the squeezing force from the narrow needle trajectory[13,14,15]. Cannula puncture biopsy
is usually performed for avoiding complications of open surgery and obtaining su�cient samples with a
high diagnostic value[16,17]. For deep spinal and pelvic tumors, �ne-needle aspiration or cannula
puncture biopsies are less recommended, considering their low repeatability, tissue contamination,
incapability to penetrate the sclerotic bone, insu�cient samples and high false negative rate. It is
necessary to develop a safe, convenient and precise device suitable for the puncture biopsy of spinal and
pelvic tumors.

PVP is extensively performed in the treatment of osteoporotic vertebral compression fractures or
pathological fractures[18,19,20]. Only a small amount of vertebral pathological tissues can be collected
through the screw-rod system of PVP[21,22]. As a result, it is not routinely used in the puncture biopsy of
vertebral bone destruction. We considered that the injection cannula of the bone cement pusher used in
the PVP can be modi�ed for collecting su�cient samples, because it has a larger diameter. Through
serrating its edge with proper size, thickness, rigidity and strength, we developed a novel puncture biopsy
device. Under the guidance of intraoperative CT, the puncture needle can be inserted and rotated for
cutting bone tumors, through which columnar tissues with the same diameter of the inner injection
cannula are repeatedly collected at different angles and depths. This allows for an innovation in bone
biopsy: bone cement pusher in PVP combined with multi-target negative pressure rotary-cutting
technique.

In the present study, bone tumor patients who had already lost the optimal opportunity for surgery and
needed chemotherapy and/or radiotherapy were excluded, and some of them gave up treatment. All
patients with a de�nite diagnosis were appropriately treated. Compared with conventional puncture
biopsy device, our new device shortened the puncture time, and increased positive and consistency rates.
No complications were reported, and the dependence rate reached 100%. Using the new puncture biopsy
device, we did not need repeat puncture in group A. Moreover, the new device signi�cantly reduced the
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risks of pedicle rupture and contamination of the needle passage, because the vertebral needle trajectory
was maintained for repeated biopsies at different angles and depths. Using conventional devices, the
puncture biopsy for spinal and pelvic tumors is limited by long puncture time, low positive rate and poor
compliance. Attributive factors may be included as follows: the tumor is anatomically deep, leaving
insu�cient tissue for sampling or even normal tissue mis-collected, repeated biopsies increase pain and
psychological disorders in patients, thus worsening their compliance; error may also appears in
pathological diagnosis.

Conclusion
Collectively, we modi�ed the bone cement pusher in PVP and used it with multi-target negative pressure
rotary-cutting technique in the puncture biopsy of bone tumors. The new device could realize repeated
collection of biopsy samples, simplify puncture procedures, reduce complications and medical cost, and
increase positive rate. It was also suitable for needle biopsy of spinal infectious lesions and bone
neoplastic lesions of extremities, especially in the latter. This was a single-center retrospective study with
a small sample size. Our �ndings should be validated in multi-center institutions with a large sample size.
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Figure 1

A Novel puncture biopsy device: A was PVP puncture of System. B was PVP cannula System. C was PVP
of Drill used in vertebroplasty to biopsy. D,d We modi�ed the injection cannula of the bone cement pusher
used in PVP and Its smooth edge was serrated with proper size, thickness, rigidity and strength. 

Multi-target negative pressure rotary-cutting technique: E was modi�ed bone cement pusher. F was
negative pressure device. G was negative pressure rotary-cutting puncture biopsy. The injection cannula
of bone cement pusher was extubated, while the vertebral needle trajectory was retained for repeated
biopsies using the rotary-cutting technique at different angles and depths. H was Puncture specimen of
bone tumor.

Figure 2

Conventional puncture biopsy device: This device had not cannula, if the tissue without lesion was
punctured, the puncture steps were repeated again to obtain the pathological tissue by repeated
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puncture. 

Figure 3

Among the 58 patients with positive biopsy results in group A, 56 showed consistency with postoperative
pathological diagnosis (Figure 3)

Figure 4

classi�cation of metastatic Carcinoma A and B
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Figure 5

Among the 37 patients with positive biopsy results in group B, 30 showed consistency with postoperative
pathological diagnosis (Figure 5)


