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Abstract. Percutaneous vertebroplasty (PVP) or percuta-
neous kyphoplasty (PKP) is utilized for the treatment of 
vertebral compression fractures (VCFs). The present study 
was conducted to evaluate biopsy results obtained from VCFs 
during PVP or PKP. Between January 2003 and December 2011, 
692 vertebral body biopsies were obtained from 546 patients 
(442  females and 104 males; mean age, 72.3 years), who 
underwent PVP or PKP for treatment of VCFs. A history of 
malignancy was identified in 44 patients. Histological/immu-
nohistochemical evaluations were performed by experienced 
pathologists and 89.9% of biopsies obtained from 546 patients 
were suitable for histological/immunohistochemical 
evaluation. The biopsy results of 398 patients were in good 
agreement with the diagnosis of osteoporotic VCFs. Among 
the 44 patients with a history of malignancy, malignancy was 
identified in 25 patients, while osteoporosis was identified in 
16 patients. Biopsies of the other 3 patients were not suitable 
for pathological examination. There were only 2 patients 
with previously undiagnosed malignancy. One patient was 
diagnosed with multiple myeloma, while another patient was 
diagnosed with metastatic carcinoma. In the present study, the 
rate of unsuspected malignancy was 0.4%. No symptomatic 
complications occurred as a result of biopsy. The results 
indicate that biopsy is safely performed during PVP or PKP 
and it is an efficacious procedure that verifies the pathological 
process and assists in identifying previously unsuspected 
processes responsible for VCFs. We recommend obtaining 
the biopsy of every collapsed vertebral body during PVP or 
PKP procedures.

Introduction

Vertebral compression fractures (VCFs) are the most common 
type of osteoporotic fracture (1) and affect over 200 million 
individuals worldwide (2,3). Postmenopausal bone loss is one 
of the leading causes of VCFs. However, a variety of primary 
malignant conditions or secondary to non-skeletal primary 
neoplasms (multiple myeloma, lymphoma and metastatic 
disease) may also be responsible. Diagnosis of osteoporosis 
is based on clinical and radiological imaging observations, 
including DEXA examination. However, these processes 
often do not distinguish between neoplastic and osteoporotic 
etiology (4).

In previous years, minimally invasive techniques, 
including percutaneous vertebroplasty (PVP) and percuta-
neous kyphoplasty (PKP), have been developed. PVP and 
PKP procedures have been relatively effective in reducing 
fracture-related pain, diminishing disability and accelerating 
complete recovery of orthopedic injuries (5-8). Acquisition of 
a biopsy sample is performed during PVP or PKP procedures. 
Biopsy samples are also obtained from patients with normal 
laboratory reports. The outcome of bone biopsies with unex-
pected malignancy in cases of vertebral compression fracture 
treated with PVP or PKP have been previously reported (9-12). 
The purpose of the present study was to review the results 
of biopsies obtained during PVP or PKP. Specifically, we 
aimed to determine the incidence of previously undiagnosed 
malignancies in our own patient population. We also wanted 
to determine the efficacy of obtaining biopsy during PVP or 
PKP to estimate the effect of biopsy results on subsequent 
patient care and management.

Patients and methods

Patients. Between January 2003 and December 2011, a total of 
546 patients were treated with PVP or PKP at the Department 
of Orthopedic Surgery of the First Affiliated Hospital of 
SooChow University, Suzhou, China. This included 104 males 
(19%) and 442 females (81%), with a mean age of 75.3 years 
(range, 56-93 years). In total, we treated 692 cases of VCFs. 
During PVP or PKP procedures, 692 vertebral body biopsies 
were obtained; 427 level 1, 95 level 2, 21 level 3 and 3 level 4 
biopsies were obtained in this study. Biopsy levels included 
the following cases: T5 (3), T6 (8), T7 (14), T8 (23), T9 (33), 
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T10  (30), T11  (62), T12  (149), L1  (189), L2  (85), L3  (50), 
L4  (31) and L5  (15). Prior to surgery, 502 patients  (92%) 
had no history of malignancy and 44 patients  (8%) had a 
history of malignancy, which was considered to be the cause 
of their compression fractures. The group of patients with 
known history of malignancy was comprised of patients with 
carcinoma of the lung (13), breast (7), multiple-myeloma (6), 
liver (5), bladder (4), prostate (4), pancreatic gland (2), chroma-
tophoroma (2) and gastric cancer (1).

Obtainment of biopsies. During the PVP and PKP proce-
dures, 122 and 570 biopsies were obtained, respectively. The 
patients were kept in the prone position for every procedure. 
In all cases, the transpedicular approach was used to access 
the collapsed vertebral body. For this purpose, we used 
biplane fluoroscopy with two C-arms statically placed in 
the posteroanterior and lateral positions. A 3-mm diameter 
trephine (Medtronic, Minneapolis, MN, USA) was passed 
immediately into the vertebral body through the previously 
inserted working cannula. The working cannula was inserted 
prior to infusion of the biological cement or prior to insertion 
of the inflatable bone tamp in the PVP and PKP procedures, 
respectively. Biopsies were sent for pathological examination 
immediately following the completion of the procedure and 
were fixed in 10% neutral-buffered formalin. The decalcified 
biopsy material was embedded in paraffin, sectioned and 
stained with hematoxylin and eosin. The stained sections 
were examined by a pathologist under a light microscope. 
If malignancy was identified, the biopsy was reviewed by a 
senior pathologist.

The present study was approved by the institutional review 
board (IRB) of The First Affiliated Hospital of SooChow 
University, Suzhou, China and informed consent was obtained 
from each patient or candidate.

Results

Following the surgical procedure, all patients recovered 
from the VCF and reported rapid pain relief. Symptomatic 
complications caused by PVP or PKP were not observed. All 
patient charts were available for review and 89.9% of biop-
sies obtained from 546 patients were suitable for histological 
evaluation. The biopsy results of 448 patients were consistent 
with the diagnosis of osteoporotic VCFs  (OVCFs). In the 
majority of biopsy specimens, trabecular bone with erratic 
levels of fibrosis and granulation tissue reflected various 
stages of progressive fracture healing. Among the 44 patients 
with an initial malignant condition, malignancy was identi-
fied as the cause of compression fractures in 25 patients. In 
the remaining 19 patients with malignancy, the suspected 
etiology behind the VCFs was not confirmed. In this case, 
osteoporosis was identified in 16 patients, while the biopsies 
of the remaining 3 patients were not suitable for pathological 
examination. We observed 2  patients whose malignancy 
was not suspected through pre‑operative imaging or clinical 
symptoms. One patient (male, 68 years old) suffered from 
multiple myeloma (Fig. 1), while another patient (female, 
62 years old) suffered from metastatic carcinoma (Fig. 2). In 
the present study, the rate of unsuspected malignancy was 
0.4%. These two patients were subsequently transferred to 

the oncology department for further diagnostic tests and 
treatment.

Discussion

Prior to PVP or PKP procedures, diagnosis of OVCFs was 
based on clinical and radiological observations, including 
X-ray, CT, MRI, bone material density and ECT. However, 
in certain cases these pre-operative investigations fail to 
provide correct diagnosis of the condition (4,10,11). It has been 
reported that the rate of distinguishing benign and malignant 
compression fractures of the spine through MRI is between 55 
and 94% (13-15). Therefore, patients with malignancy require 
accurate pathological diagnosis to select the correct program 
for further treatment of their condition. Following adminis-
tration of steroids, chemotherapeutic drugs or radiotherapy, 
patients with lymphoma, multiple myeloma or metastatic carci-
nomas are prone to VCFs owing to bone loss. In addition, the 
majority of patients are elderly. However, osteoporosis is often 
assumed to be the natural cause of VCFs and aging increases 

Figure 1. Photomicrograph stained with hematoxylin and eosin (original 
magnification x100), demonstrating diffuse collections of multiple myeloma 
cells. Biopsy of a 68-year old male with compression fracture at T12 and no 
prior history of cancer. 

Figure 2. Photomicrograph stained with haematoxylin and eosin (original 
magnification x100), reveals adenocarcinomatous nests demonstrating mark-
edly typical malignant cells that are consistent with metastatic carcinoma. 
Biopsy of a 62-year old female with compression fracture at L3 and no pre-
vious history of cancer. 
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occurrence of OVCFs (10). Malignancy and osteoporosis was 
observed in the same patient. In the majority of cases, osteo-
porosis is considered to be the correct assumption, however a 
misdiagnosis may have a disastrous prognosis. The nature of 
the underlying pathology associated with vertebral collapse is 
important in correct prognosis. Moreover, it is also required for 
assessing a patient's response to therapy and long‑term patient 
care (10). The nature of the underlying pathology associated 
with vertebral collapse is also important for VCF patients with 
a medical history of malignancy, wherein the primary tumor 
is not involved with the spine.

In the case of patients with a history of malignancy or 
suspected malignancy, the outcomes of bone biopsies obtained 
during PVP or PKP have been inconsistent, as the percentage 
of malignancy diagnosis varies between 32.4 and 89% (16,17). 
In the present study, 25 patients (56.8%) were diagnosed with 
malignancy through biopsy samples obtained during PVP or 
PKP. These patients had a history of malignancy or suspected 
malignancy and were transferred to the oncology department 
for specialized treatment. Medical history of malignancy was 
reported in 16 patients, however, their biopsy samples did not 
provide any evidence of malignancy. Therefore, osteoporosis 
was the cause of VCFs in these patients and the 16 patients 
underwent anti-osteoporosis treatment.

There are instances where biopsy provides evidence 
of malignancy when the patient has no clinical or imaging 
evidence (9-12). Togawa et al (10) demonstrated that biopsy 
provided a definitive diagnosis in one case of unsuspected 
multiple myeloma in their population (0.7% of all biopsies). 
Muijs et al (9) observed malignancy evidence in the biopsies 
of 3 patients (3.8% of all biopsies), whose malignancies were 
previously undiagnosed. This included 2 patients with multiple 
myeloma stage IIa and 1 patient with chondrosarcoma grade I. 
These biopsy samples were obtained during PVP, which were 
conducted to treat OVCFs in these patients. Shindle et al (11) 
reported that 3/238 (1.3%) patients were diagnosed with unsus-
pected lymphoma during PKP, through analysis of biopsy 
samples obtained during the treatment. The authors obtained 
a total of 423 biopsy samples during diagnosis of 238 patients. 
More recently, Schoenfeld et al (12) reported that malignancy 
was observed in 4 patients through analysis of biopsy samples 
obtained during PVP or PKP. In this case, the malignancy 
was detected in the previous diagnosis of 3  patients and 
2 patients (0.4%) were diagnosed with malignancy by biopsy 
during PKP. The malignancy was not suspected in these cases, 
as these patients revealed normal pre-operative imaging and 
did not exhibit any clinical symptoms. In summary, vertebrae 
biopsy is highly recommended in such cases and not only 
clarifies the nature of disease but also contributes to treatment 
development in VCF patients with a history of malignancy. For 
patients who do not demonstrate clinical malignant evidence, 
vertebral biopsy is an important method for confirmation of 
the malignancy diagnosis.

According to clinical and radiological observations of 
VCFs, biopsy results were consistent with the diagnosis of 
OVCFs in 398 patients included in the present study. In the 
majority of biopsy specimens, trabecular bone with fibrosis 
and granulation tissue reflected the various stages of progres-
sive fracture healing. Diamond et al (18) characterized the 
histological process of fracture healing in cancellous bone 

of vertebral body and divided this process into four stages. 
Stage  1 included necrosis and granulation tissue; stage  2 
included chondrogenesis and bone matrix synthesis; stage 3 
included endochondral ossification and woven bone forma-
tion; and stage 4 included bone remodeling and modeling. The 
present findings revealed that the majority of fractures were 
early stage and may be attributed to the early procedure time 
and biopsy sample size.

The posterolateral approach is normally used for obtaining 
biopsy under fluoroscopic or CT guidance in cases of thoracic 
or lumbar spine (19-21). However, the risk correlated with this 
process varies from 0 to 26% and is associated with various 
complications, including pneumothorax, hematoma, neuro-
logical lesions, root pain and infective disorders. Posterolateral 
biopsy is also correlated with the risk of tumor metastasis 
by needle sheath in malignancy (22). In order to avoid these 
complications, the biopsy was previously performed using 
a transpedicular approach under CT or fluoroscopic guid-
ance  (22,23). During PVP or PKP in the present study, a 
cannulated trocar was inserted into the vertebral body through 
a transpedicular approach. Following removal of the guide 
wire, a trephine was used to obtain the biopsy sample of the 
vertebral body. The procedures provided a definite path to 
acquire a biopsy sample and did not significantly increase 
surgical time. In the case of malignant patients with VCFs, we 
completed the diagnosis and surgery during PKP or PVP.

During PVP or PKP procedures, the time and frequency 
of biopsy material acquisition remains debated. Togawa et al 
and Schoenfeld et al  (10,12) advise that biopsy should be 
performed while conducting the first vertebral augmenta-
tion procedure. However, Allen  et  al  (24) suggested that 
patients undergoing first-time vertebral augmentation should 
be considered for vertebral biopsy. The present study and 
additional studies (4,10,12) have confirmed malignant biopsy 
results in patients, who did not exhibit any other clinical 
malignant evidence. However, the rate of detection was low 
in such cases. Moreover, a biopsy obtained during PVP 
or PKP does not increase morbidity in the patients and the 
biopsy aids identification of the underlying pathology. Early 
detection of malignant disease is more important than the 
risks associated with biopsy as effective timely treatment for 
malignancy is unlikely to be provided to patients who do not 
recieve early diagnosis through this process. Considering the 
potential advantages of biopsy during PVP or PKP, we suggest 
that biopsy of every collapsed vertebra should be performed 
during every procedure of PVP or PKP, even in patients with 
no history of malignancy or suspected malignancy.

Previously, a meta-analysis of percutaneous spine biopsy 
demonstrated that the rates of adequacy (92.6 vs. 90.1%) and 
accuracy (90.2 vs. 88.1%) were slightly higher than those 
of fluoroscopy. However, these increases were not signifi-
cant (25). A previous study reported that diagnostic accuracy 
of percutaneous spine biopsy is more than 90% in cases of 
known or suspected malignancy (26). Therefore, researchers 
must focus on improving the efficiency of needle aspiration 
biopsy to obtain sufficient pathological cells. Kattapuram 
et  al  (27) reported that the accuracy achieved by large 
needles was slightly higher than that of fine. It has been 
suggested that needles with a diameter of at least 2 mm are 
suitable for obtaining samples sufficient for histological evalu-
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ation (20,28,29). Ward et al (29) demonstrated that 3.5 mm 
trephine were suitable for obtaining samples. Larger diameter 
needles were more suitable for obtaining adequate bone cores 
for histological evaluation. However, during PVP or PKP, the 
diameter of biopsy needles is limited by the working cannula. 
The biopsy and infusion of bone cement are performed under 
cannula, which is first inserted into the pedicle. Therefore, the 
biopsy procedure is not associated with the risks of inflicting 
injuries to vital tissues, including major vessels and nerve 
roots of spinal cord. While obtaining patient biopsies during 
PKP or PVP, we did not observe any complications. Therefore, 
we recommend using biopsy needles with maximal diameter 
in order to obtain more bone cores. In the present study, a 
biopsy needle with a diameter of 3 mm was utilized safely and 
effectively during the PVP or PKP procedures.

In conclusion, PVP and PKP are effective treatments 
for VCFs. If biopsy samples are obtained while performing 
these procedures, no increase in morbidity or surgical dura-
tion is observed. Biopsy aids identification of the underlying 
pathology. In the present study, the rate of unsuspected malig-
nance was 0.4%. Obtaining a biopsy sample is relatively safe 
and easy, therefore we recommend collapsed vertebral body 
biopsy during every PVP or PKP procedure. In addition we 
recommend using a biopsy needle of maximal diameter for 
under cannula. For effective VCF management, it is important 
to obtain a biopsy sample during PVP or PKP procedure.
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