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Feasibility of Controlling Metastatic Osseous Pain
Using Three Kinds of Image-Guided Procedures for
Thermal Microwave Ablation: A Retrospective Study
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Objectives: To evaluate the feasibility and safety of treating painful osseous metastases using image-guided percuta-
neous thermal microwave ablation.

Methods: This is a retrospective study of patients treated from December 2016 to December 2019 in one institute.
A total of 50 patients (35 men, 15 women; mean age 55.24 ± 11.03 years) with 56 osseous metastatic lesions
underwent image-guided percutaneous microwave ablation. There were 7 patients with multiple and 43 patients with
single metastases. The numbers of patients with primary cancer were as follows: lung, 13; liver, 17; kidney, 10; pros-
tate, 1; breast, 3; osteosarcoma, 1; and thyroid, 5. Seventeen patients had cancer combined with soft tissue masses.
The radiological images for the ablative procedures were obtained by CT, fluoroscopy with ultrasound, and fluoroscopy
alone in 16, 11, and 23 patients, respectively. Pain severity was estimated using the visual analogue scale before
and after treatment (1 week, 1 month, and 3 months after treatment). Radiological evaluations were performed at
baseline and 3 months after the procedure.

Results: In all patients, pain reduction occurred from the first day after treatment. Pain did not recur during the
3 months of follow up. The mean total ablation time per microwave electrode was 3.99 ± 2.48 min (range, 1–15 min).
The mean power of the microwave electrode was 66.40 ± 12.08 W. The average volume of bone (load-bearing bone,
such as vertebra and acetabulum) cement after ablation was 2.82 ± 0.81 mL. There were no significant differences in
visual analogue scale pain scores for different imaging techniques or ablation energies. No procedure-related compli-
cations occurred.

Conclusion: Image-guided percutaneous thermal microwave ablation of osseous metastases relieves pain and
improves mobility. CT remains the first choice for percutaneous ablation. Fluoroscopy combined with ultrasound is
effective for cases with soft tissue masses; fluoroscopy is also suitable for combination with vertebroplasty. However,
further investigations are required.
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Introduction

Bone metastases are common, painful complications in
patients with advanced cancer1. Approximately 40% of

cancers eventually develop bone metastases; the most

common primary sources of these metastases are the breast,
lung, and prostate2. These metastatic lesions can cause sub-
stantial oncologic pain: severe pain occurs in as many as
75% of patients with osseous metastases and can

Address for correspondence Yu Zhang, MD, Department of Orthopaedics, Guangdong Provincial People’s Hospital, Guangdong Academy of Medical Sciences,
Guangzhou, Guangdong, China 510080 Tel: +86 13602744495; Fax: +86 20 83827812; Email: luck_2001@126.com
Grant Sources: This work was supported by The Natural Science Foundation of Guangdong Province, China (No. 2020A1515010625).
Disclosure: The authors declare that they have no competing interests.
Received 30 April 2020; accepted 23 August 2020

116
© 2020 THE AUTHORS. ORTHOPAEDIC SURGERY PUBLISHED BY CHINESE ORTHOPAEDIC ASSOCIATION AND JOHN WILEY & SONS AUSTRALIA, LTD.

Orthopaedic Surgery 2021;13:116–125 • DOI: 10.1111/os.12849
This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium,
provided the original work is properly cited.

https://orcid.org/0000-0001-9178-4063
https://orcid.org/0000-0003-2321-7918
http://creativecommons.org/licenses/by/4.0/


dramatically affect the quality of life1. Due to the short life
expectancies and high systemic tumor burdens of affected
patients3, therapeutic management focuses largely on pallia-
tive care and preservation of ambulatory functions rather
than on curative strategies. The common goal of doctors and
patients is to relieve metastatic cancer pain and improve sur-
vival and quality of life.

Management of osseous metastatic disease requires
multidisciplinary input. In addition to continually evolving
medical therapy regimens, surgical techniques, and radiation
technologies, treatment options now include emerging mini-
mally invasive interventions4. Treatment recommendations
should be based on the collaborative recommendations of
specialists, as outlined by the osseous Metastatic Disease
Multidisciplinary Working Group, which has provided a
consensus document detailing the evidence supporting their
algorithms5, 6. Although radiation therapy has clearly dem-
onstrated effective pain palliation in some patients, its benefit
is not uniform, with 70%–80% of patients experiencing some
pain relief and only 30% experiencing complete pain relief7.
Furthermore, this improvement in pain requires several
weeks to occur following radiation therapy and is frequently
temporary, with pain returning in 57% of patients at a
median of 15 weeks after radiation therapy8. With the pro-
gress of surgical techniques and the continuous development
in the materials used for internal fixation, surgical treatment
is playing an increasingly important role in the treatment of
osseous metastatic carcinoma9. Moreover, in cases of osseous
oligometastatic disease, extended resection may be performed
with curative intent. Surgical treatment can either lead to
effective resolution of intractable pain or neurological com-
promise and overt or impending spinal instability10–12. Surgi-
cal resection, reconstruction, or stabilization can be
technically challenging in this potentially frail group of
patients. As perioperative morbidity and prolonged recovery
times may delay or interrupt systemic therapy, surgery is
typically reserved for patients with a spinal cord compro-
mise, existing pathologic fracture, or impending pathological
fracture13. Generally, patients resort to analgesic drugs,
which may be addictive14.

Due to these patients’ short life expectancy and poor
quality of life, a minimally invasive therapeutic approach is
desirable. Recently, image-guided ablation techniques have
emerged and produced satisfactory results in the manage-
ment of osseous metastatic pain15–17; such techniques
include radiofrequency thermal ablation (RFA), microwaves
(MW), laser ablation, magnetic resonance-guided focused
ultrasound surgery (MRgFUS), and cryoablation (CA), which
uses extreme cold to destroy target tissues18. As a wide range
of pain treatment options are available to patients with skele-
tal and soft-tissue metastases, the selection of the most
appropriate ablative technology requires proper patient and
lesion selection, knowledge of relevant anatomy, and an
understanding of the advantages and limitations of the spe-
cific technique19. Microwave ablation (MWA) is a newer
heat-based method that generates rapid heating of a large

volume of tissue with decreased heat sink effects20. Due to
the low conductivity of bony tissue, microwave energy
should theoretically provide better tissue penetration than
other types of thermal energy when treating osseous metasta-
ses21. In addition, multiple microwave antennas can be
powered simultaneously to take advantage of the thermal
synergy that occurs when these antennas are placed in close
proximity22.

Khan et al. reported microwave ablation of 102 spinal
metastases in 69 patients under CT or fluoroscopy. Follow-
up imaging at 20–24 weeks demonstrated no locoregional
progression in 59 of the 61 surviving patients. Two compli-
cations were documented; one of them was S1 nerve thermal
injury. Westbroek reported a case performed under fluoros-
copy with the resultant complication of thermal injury to the
spinal cord.

Kastler et al. reported successfully treating 20 spinal
metastases (17 patients) with MWA (with cementoplasty in
9 cases). They reported pain relief in 16 of 17 patients, with
significant pain reduction 1 day, 1 week, and 1, 3, and
6 months after ablation without any major complications.
However, CT requires a large operational space, is time-con-
suming, and has some radiation effects on patients and
surgeons.

Ultrasound-guided thermal surgery is now widely used
in the management of lung, liver, and kidney cancers and
has achieved satisfactory results. It provides real-time visuali-
zation of applicator placement and intraoperative monitoring
of the extent of ablation. However, it is not widely used in
bone and soft tissue tumors and few reports exist of fluoros-
copy combined with ultrasound-guided microwave
ablation23.

The purpose of our research was to answer the follow-
ing three questions: i) whether using various image-guided
procedures (CT, fluoroscopy alone, and fluoroscopy com-
bined with ultrasound) for microwave ablation in osseous
metastases is safe; ii) whether using various image-guided
procedures is useful in controlling metastatic osseous pain;
and iii) whether there are any differences between the three
image-guided percutaneous microwave ablation procedures
for treating painful osseous metastases.

Methods

All patients provided informed consent for participation
and image publication, and were selected by an interdis-

ciplinary team of radiation and medical oncologists and an
orthopaedist (from the General Hospital of Southern Theater
Command of PLA, Guangzhou, China), who performed
image-guided percutaneous MWA of osseous metastases
between December 2016 and December 2019. This study was
approved by the institutional review board. All procedures
performed in this study were in accordance with the ethical
standards of the institutional and/or national research com-
mittee and with the 1964 Helsinki declaration and its later
amendments or comparable ethical standards.

117
ORTHOPAEDIC SURGERY

VOLUME 13 • NUMBER 1 • FEBRUARY, 2021
CONTROLLING METASTATIC OSSEOUS PAIN USING MWA



Inclusion criteria were as follows: (i) patients who
experienced refractory pain with a visual analogue scale
(VAS) score of ≥4; (ii) lesions that did not respond to che-
motherapy and/or radiotherapy; (iii) life expectancy
>3 months; and (iv) ineligibility for surgical excision. Exclu-
sion criteria were as follows: (i) active infections; (ii) lesions
affecting key nerve roots or vascular bundles; and (iii) when
the correlation between imaging findings and clinical symp-
toms was uncertain.

A total of 50 patients (35 men and 15 women; mean
age, 55.24 ± 11.03 years) with 56 osseous metastatic lesions
received image-guided percutaneous MWA. All patients had
previously received standard treatments: 39 received surgery
on the primary site, 24 received chemotherapy, and
16 received chemotherapy and radiotherapy. There were
7 patients with multiple and 43 patients with single metasta-
ses. In addition, the numbers of patients with primary cancer
were as follows: lung, 13; liver, 17; kidney, 10; prostate, 1;
breast, 3; osteosarcoma, 1; and thyroid, 5. A total of
17 patients had cancer combined with soft tissue masses.

Procedure
All patients underwent pre-procedural contrast-enhanced
CT scanning and/or MRI to evaluate the size and location of
and the relationships among lesions, nerves, and vascular
bundles and to determine the ideal location of the antenna
and scope of MWA.

Ablation was performed with an MWA system (2450
MHz, MTI-5A, Great Wall, Nanjing, China). CT-guided sur-
gery, fluoroscopy combined with ultrasound, and fluoros-
copy were performed for 16, 11, and 23 cases, respectively.
The choice of guidance with CT, tomography (X-rays), or
ultrasound with tomography depended on the type of lesions
and associated soft tissue masses. Throughout the procedure,
12 patients were consciously sedated using continuous intra-
venous infusion of fentanyl citrate (0.1 mg/2 mL diluted to
1:10 with saline solution) and received local anesthesia com-
posed of a subcutaneous injection of 2% lidocaine hydro-
chloride24. A total of 24 patients received local anesthesia,
13 patients general anesthesia, and 1 patient epidural anes-
thesia. All treatments were executed by the same surgeon,
with the cooperation of an ultrasonographer as required.

An 11-gauge bone biopsy needle was inserted into
the proximal edge of the lesion under image guidance. The
choice of ultrasonic probe was adjusted according to the
depth of the lesion: a high frequency linear ultrasound probe
was selected for the detection of superficial sites, including
superficial masses and blood vessels, while a convex array
transducer was used for deep tumors and deep blood vessels
(such as the external iliac artery). Subsequently, the needle
shaft was withdrawn, and the biopsy needle was advanced
into the lesion. Once the appropriate position was confirmed,
core biopsy samples were obtained. A 15-gauge or 14-gauge
MWA antenna (diameter: 1.8 mm, length: 180 mm) was
coaxially inserted into the tumor until the tip of the antenna
was adjacent to the edge of the lesion. Technical success was

defined as the ability to place the antenna accurately into the
tumor and to calculate the ablation zone 2–3 mm beyond
the extent of the tumor in an oval configuration; if the dis-
tance from a neurovascular bundle was <5 mm, the above
requirements were not adhered to. Concurrently with abla-
tion, a thermometer needle was placed in the normal tissue
to ensure that the temperature remained below 43�C.
Because the temperature probe only reflected the tempera-
ture at its tip, two to three probes were placed simulta-
neously to monitor the temperature at different sites, such as
deeper intraoperative positions. After ablation, the antenna
was withdrawn, and, if required, the introducer was left in
situ for the osteoplastic procedure. Illustrative cases of each
image-guided procedure are shown in Figs 1, 2, 3. Cementa-
tion was used for the weight-bearing bones, such as the ace-
tabulum (n = 1) and vertebrae (n = 24). The amount of bone
cement injected under image guidance was determined based
on tumor size. In the case illustrated in Fig. 1, the cement
volume was low because of the incomplete acetabular wall.
However, the acetabular bearing region was well filled. The
mean volume injected per tumor was 2.82 ± 0.81 mL. Post-
procedural fluoroscopy or CT determined whether any com-
plications, such as bleeding or bone cement leakage,
occurred.

Evaluation Index
Before the ablation treatment and at follow up, the VAS was
used to evaluate the pain severity. Pain intensity was rated
on a continuous scale from 0 to 1025. Functional outcome
was evaluated using a qualitative scale for the assessment of
the patient’s walking ability and was rated as worse,
unchanged, or improved24. Basic data regarding operation-
related parameters were recorded, and no complications were
observed. Table 1 summarizes the baseline characteristics of
all patients.

Visual Analogue Scale
Continuous data for pain intensity was recorded using the
VAS. The score was determined by measuring the distance
(mm) on the 10-cm line between the “no pain” anchor and
the patient’s mark using a ruler, providing a range of scores
from 0 to 10; a higher score indicated a greater pain inten-
sity. The following cut-off points pain using the VAS have
been recommended: no pain, 0; mild pain, ≤3; moderate
pain, 4–6; and severe pain, 7–1026.

Statistical Analysis
SPSS 24.0 (SPSS, Chicago, IL, USA) was used for data ana-
lyses. Continuous variables are shown as mean ± standard
deviation. Student’s t-test was applied to evaluate VAS scores
before and after the procedure; P < 0.05 was considered sta-
tistically significant.
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Results

Patient Demographics and Surgical Data
A total of 35 men and 15 women were included in this
study. The mean total ablation time per MW electrode was
3.99 ± 2.48 min (range: 1–15 min). The mean power of the
MW was 66.40 ± 12.08 W (range: 40–80 W). Approximately
40% (20/50) of cases (25 sites) underwent the osteoplastic
procedure; the mean volume of bone cement injected was
2.82 ± 0.81 mL.

Postoperative Evaluation
Based on the results obtained, the three questions posed by
this study were answered in the following manner.

Complications
(1) Whether using various image-guided procedures (CT, fluo-
roscopy alone, and fluoroscopy combined with ultrasound) for
microwave ablation in osseous metastases is safe: None of the
patients had complications related to the three image-guided
procedures, such as neurovascular bundle injury. Two patients
who underwent ablation procedures assisted by fluoroscopy
combined with ultrasound developed symptoms of fever on
postoperative days 1 and 3 that lasted for 24–48 h. This was
attributed to post-ablation syndrome. Illustrative emulation of
intraoperative ablation and monitoring is shown in Figs 4, 5, 6.

Pain
(2) Whether using various image-guided procedures is useful
in controlling metastatic osseous pain: VAS scores for the

A

E F G

B

C D

Fig. 1 (A) A 59-year-old patient with lung cancer who was previously treated with hip prosthesis reconstruction for multiple hip metastases, including

metastasis to the right acetabulum. (B, C) CT and MRI show osteolytic metastases with a large soft tissue mass in the right iliac bone. (D) This case

underwent percutaneous microwave ablation guided with X-ray combined with ultrasound. The ablation zone during microwave ablation (thin arrow),

an osteolytic zone with soft tissue mass (thick arrow), which were shown on ultrasound. (E) The microwave probe guided by fluoroscopy, With the aid

of ultrasound, the microwave needle was located in the lesion and adjusetd the Angle and depth of the needle gradually. (F) After the ablation,

cementoplasty was performed guided with fluoroscopy. (G) The postoperative fluoroscopy showed no leakage of bone cement.
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assessment of pain were recorded preoperatively and postop-
eratively (24 h, 1 week, 1 month, and 3 months after the pro-
cedure). All patients achieved satisfactory pain relief. The
preoperative VAS scores ranged from 6 to 10, with an aver-
age of 8.75 ± 1.03 before CT-guided operation, 8.33 ± 1.50

before fluoroscopy combined with ultrasound, and
8.66 ± 1.41 before fluoroscopy. Average VAS scores 24 h
after ablation procedures guided by these imaging modalities
were 2.37 ± 1.08, 2.00 ± 1.26, and 2.17 ± 1.19, respectively.
The mean reductions in VAS scores were calculated from

A

B C D

Fig. 2 (A) A 37-year-old man with liver

cancer who received CT fluoroscopy-

guided percutaneous microwave ablation

for the treatment of the ischial tuberosity

ilium metastasis. (B, C, D) The microwave

probe guided by CT and the thermocouple

needle is situated in the surrounding

normal tissue.

A B

Fig. 3 (A and B) A 44-year-old woman

with lung cancer who received

fluoroscopy-guided percutaneous

microwave ablation for the treatment

of third lumbar vertebral metastasis.
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1 week to 3 months after the procedure. The postoperative
VAS scores for lung, liver, prostate, breast, thyroid, kidney, and
bone metastases were significantly lower than the preoperative
scores (preoperative: 8.76 ± 1.01, 8.35 ± 1.27, 10.00 ± 0.00,
9.33 ± 1.15, 6.80 ± 1.09, 8.40 ± 1.26, 10.00 ± 0.00, respectively;
postoperative [24 h]: 2.30 ± 1.10, 1.88 ± 1.11, 4.00 ± 0.00,
3.33 ± 1.15, 2.80 ± 1.09, 1.80 ± 1.13, 2.00 ± 0.00, respectively).
No significant differences in VAS scores were observed among
the different primary lesions. The lesions were divided into
osteolytic and osteolytic combined with osteoblastic groups
through imaging analysis, such as X ray, CT, and MRI.
Although patients in the osteolytic group had better postopera-
tive pain improvement, there was no statistical significance in
the changes of VAS curves between the two groups. The VAS
score curves are shown in Fig. 7.

Comparison of the Three Image Modes
(3) Whether there are any differences between the three
image-guided percutaneous microwave ablation procedures

for treating painful osseous metastases: No significant differ-
ences in VAS scores were observed among the different
imaging techniques and ablation energies. In patients who
also had soft tissue masses, there was no difference in the
VAS scores between CT and fluoroscopy with ultrasound.
The VAS score curves are shown in Figs 8, 9, 10, 11.

Discussion

Bone metastasis is common and occurs in approximately
20% of patients with cancer24, 27. These metastases stem

from the prostate or breasts in 70% of cases, the lungs or
kidneys in 20%–30% of cases, and the rectum, colon, ovaries,
and pancreas in 10% of cases2. The majority (66%) of bone
metastases are extra-spinal, occurring mostly in the pelvis
and sacrum28, 29. Skeletal metastatic disease can cause vari-
ous complications, including pain, pathologic fractures,
declining mobility, deconditioning, weakness, decreased
respiratory function, and metabolic disorders, such as severe
hypercalcemia30. Due to short life expectancies, treatment
strategies tend to be palliative rather than curative3.

Pain Relief
Some studies that have used MWA to treat patients with
painful metastases have demonstrated promising results31, 32.
Khan et al.4 reported immediate pain reduction in 94%
(65/69) of these procedures, which was maintained for
6 months. However, the mechanism of pain relief remains
unclear. This may include destruction of the nerve fibers for
pain in the periosteum and bone cortex, reduction in the
burden of the tumor with reduced transmission of pain via
the nerve endings, decreased osteoclastic activity and

TABLE 1 Classification of osseous metastasis with regard to
primary tumors and site of metastasis

Primary tumor n Site of metastasis n

Lung 13 Spine 24
Liver 17 Rib 6
Kidney 10 Acetabulum 1
Breast 3 Ilium 15
Prostate 1 Ischial tuberosity 2
Osteosarcoma 1 Clavicle 1
Thyroid 5

Fig. 4 (A) Microwave ablation probe. (B) Temperature probe in the

vertebral body and in the vertebral pedicle (parallel to the posterior

margin). (C) Metastatic tumor. The thick white line of the ablation probe

tip represents the source of microwave needle emission. The orange

region represents the heating range of the microwave.

Fig. 5 (A) Microwave ablation probe. (B) Temperature probe in the

vertebral body and in the vertebral pedicle (parallel to the posterior

margin). (C) Metastatic tumor. The thick white line of the ablation probe

tip represents the source of microwave needle emission. The orange

region represents the heating range of the microwave.
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coagulative necrosis of the tumor cells, and resultant
decrease in the production of nerve-stimulating cytokines
such as interleukins and tumor necrosis factor31. Our results
suggest that all patients experienced pain relief on postopera-
tive day 2, with no pain recurrence at the ablation site during
the 3-month follow-up period. Only 1 patient died during
the follow-up period: an individual with metastatic liver can-
cer who died of multiorgan dysfunction syndrome 3 months
post-surgery but without the recurrence of pain. Therefore,
percutaneous MWA ensured significant and lasting pain
relief and improved the end-of-life care for these patients
with end-stage neoplasms and intractable pain.

Choice of Various Image-Guided Procedures
Percutaneous MWA can be currently performed under imag-
ing guidance. Fluoroscopy-guided percutaneous ablation is
suitable for combination with vertebroplasty due to its low
resolution of soft tissue23; Khan et al.4 published the largest

study series of microwave ablation and cement ver-
tebroplasty, treating 102 lesions in 69 patients. Evidence for
the safety and efficacy of percutaneous ablation has been
demonstrated. In the current study, fluoroscopic guidance
was selected in 23 cases. All the lesions were within the ver-
tebral body, and vertebroplasty was performed immediately
after ablation of the lesion so that positioning could be
achieved with simple fluoroscopic guidance. Westbroek
reported a case performed under fluoroscopy, with the resul-
tant complication of thermal injury to the spinal cord33.

CT-guided procedures34 are widely used as they
enable accurate localization and are suitable for any site,
including complex sites such as the pelvis and spine28,29. In
the current study, CT guidance was used in 16 patients with
lesions near the pelvis and ribs. The anatomy of these sites
is relatively complicated, with many delicate organs in the
vicinity. CT can provide precise positioning but requires a
large operational space, is time-consuming, and has some

Fig. 6 (A) Microwave ablation probe.

(B) Temperature probe in the vertebral body

and in the vertebral pedicle (parallel to the

posterior margin). (C) Metastatic tumor. The

thick white line of the ablation probe tip

represents the source of microwave needle

emission. The orange region represents the

heating range of the microwave.

Fig. 8 Changes in visual analogue scores from baseline to 3 months

after various image-guided percutaneous thermal microwave ablations

for osseous metastasis.

Fig. 7 Changes in visual analogue scores from baseline to 3 months

between osteolytic and osteolytic combined with osteoblastic groups.
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radiation effects on patients and surgeons. Therefore,
Burgard et al. introduced low-milliampere CT fluoroscopy
during CT-guided ablation34 to reduce the adverse effects
associated with radiation. However, microscopic foci of
residual disease cannot be identified with standard imag-
ing4; furthermore, we believe that CT imaging cannot
reflect the extent and size of ablation in real time and that
guidance is only available to the extent of parameters pro-
vided by the manufacturer’s data specification and our
operational experience.

To overcome these shortcomings, we performed
selected fluoroscopy combined with ultrasound-guided sur-
gery in cases of osseous metastasis with soft tissue masses.
Although fluoroscopic positioning is not precise, it produces
little radiation. Ultrasound has relatively poor accuracy in
bone tissue detection and is generally used in soft tissue
tumor ablation; however, it provides real-time visualization
of applicator placement and is both universally available and
of low cost35, 36. These two techniques were combined in the
present study of 11 patients with osseous metastasis of soft
tissue masses. Because tumor tissue destroys the cortical
bone, positioning of the ablation needle and change in
tumor echogenicity due to high temperatures could be
observed in real time under ultrasound guidance37. Com-
pared to CT and fluoroscopy alone, the combined thermal
monitoring technique provides real-time intraoperative
monitoring of the extent of ablation35. However, this opera-
tion is only suitable for single MWA needle treatment,
which is consistent with the findings of many researchers23.
Ultrasound provides a two-dimensional image, which
affects the accuracy of ablation, and the gas produced by
MWA prevents accurate intra-procedural monitoring of the
ablation zone23. Although MRI has considerable advantages
in guiding percutaneous ablation of metastases38, we did
not have the equipment to perform this procedure in our
MRI facility.

Structural Stabilization
Osteolytic metastases can cause pathological fractures, and
an impending fracture should be treated before the fracture
occurs39. Cementoplasty is performed with a palliative
intent and does not stop tumor progression; it treats pain
and allows fast consolidation of weight-bearing bones40,
such as the vertebrae and acetabula. MWA alone can cause
local instability as a direct result of therapeutic effects or
tumor regression. This phenomenon is similar to increased
risk of pathologic fractures after radiotherapy, which has a
reported incidence of 15%–40%41–43. We used bone cement

Fig. 9 Changes in visual analogue scores from baseline to 3 months

versus ablation energy.

Fig. 10 Changes in visual analogue scale scores from baseline to

3 months between CT and fluoroscopy with ultrasound in patients with

soft-tissue masses.

Fig. 11 Changes in visual analogue scores from baseline to 3 months

among different primary lesions.
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for ablation of osseous lesions, as reported elsewhere44.
Thus, there were 14 cases of MWA combined with bone
cement in this study. No pathological fractures were found
during the 3-month follow-up period, and the effect of pain
relief was higher due to the reinforcement of osteolytic
destruction4, 45. Our results demonstrate that a combina-
tion of MWA with cementoplasty is an effective palliative
treatment for intractable pain and for preventing pathologic
fractures.

Functional Activity
With respect to the functional evaluation of this treatment,
most patients exhibited improved functional performance.
Pusceddu reported that 98% of patients with large lesions
obtained overall functional improvement 6 months after the
procedure. Only 1 patient experienced a worsened functional
outcome24. In our study, all patients demonstrated significant
functional improvement during the 3-month follow-up
period. Due to the improvement in pain and reinforcement
with bone cement, instability of the load-bearing bones was
avoided.

Choice of Anesthesia
Most researchers have suggested sedation combined with
local anesthesia15, 40, 46. In our opinion, for deep tissue abla-
tion (such as of the spine and iliac bone), local anesthesia
alone can be sufficient, as seen in 23 cases in the present
study. For superficial tissue ablation (such as rib and

ischium) and concurrent treatment of multiple sites, general
anesthesia or sedation with local anesthesia is recommended.

Limitations
The present study has some limitations. First, this study had
no control group and only a small number of cases were
included. Second, this is a retrospective analysis from only
one institution and the data might be limited by referral bias.

Conclusion

Image-guided percutaneous MWA of osseous metastasis
significantly relieved pain and improved mobility; how-

ever, the decision to use a combination of bone cement in
weight-bearing bones should be taken on a case-by-case
basis. CT is the preferred imaging modality for percutaneous
ablation, while fluoroscopy combined with ultrasound is
effective for cases with soft tissue masses. The hyperechoic
area arising during the operation and the thermal monitor-
ing system provide real-time intraoperative monitoring of
the extent of ablation. Fluoroscopy is suitable for combina-
tion with vertebroplasty. Further research with larger study
populations is needed to assess the utility of image-guided
percutaneous MWA and to validate the findings of this
study.

Acknowledgment

We are grateful for the support from The Natural Sci-
ence Foundation of Guangdong Province.

References
1. Coleman RE. Clinical features of metastatic bone disease and risk of skeletal
morbidity. Clin Cancer Res, 2006, 12: 6243s–6249s.
2. Jemal A, Thun MJ, Ries LA, et al. Annual report to the nation on the status of
cancer, 1975–2005, featuring trends in lung cancer, tobacco use, and tobacco
control. J Natl Cancer Inst, 2008, 100: 1672–1694.
3. van der Linden YM, Dijkstra SP, Vonk EJ, Marijnen CA, Leer JW. Dutch bone
metastasis study G. prediction of survival in patients with metastases in the
spinal column: results based on a randomized trial of radiotherapy. Cancer,
2005, 103: 320–328.
4. Khan MA, Deib G, Deldar B, Patel AM, Barr JS. Efficacy and safety of
percutaneous microwave ablation and Cementoplasty in the treatment of painful
spinal metastases and myeloma. AJNR Am J Neuroradiol, 2018, 39: 1376–1383.
5. Smith HS. Painful osseous metastases. Pain Physician, 2011, 14:
E373–E403.
6. Wallace AN, Robinson CG, Meyer J, et al. The metastatic spine disease
multidisciplinary working group algorithms. Oncologist, 2015, 20: 1205–1215.
7. Agarawal JP, Swangsilpa T, van der Linden Y, Rades D, Jeremic B, Hoskin PJ.
The role of external beam radiotherapy in the management of bone metastases.
Clin Oncol (R Coll Radiol), 2006, 18: 747–760.
8. Tong D, Gillick L, Hendrickson FR. The palliation of symptomatic osseous
metastases: final results of the study by the radiation therapy oncology group.
Cancer, 1982, 50: 893–899.
9. Feiz-Erfan I, Rhines LD, Weinberg JS. The role of surgery in the management of
metastatic spinal tumors. Semin Oncol, 2008, 35: 108–117.
10. Fanous AA, Fabiano AJ. Surgical management of spinal metastatic disease.
J Neurosurg Sci, 2017, 61: 316–324.
11. Jacofsky DJ, Papagelopoulos PJ, Sim FH. Advances and challenges in the
surgical treatment of metastatic bone disease. Clin Orthop Relat Res, 2003,
415: S14–S18.
12. Finkelstein JA, Zaveri G, Wai E, Vidmar M, Kreder H, Chow E. A population-
based study of surgery for spinal metastases. Survival rates and complications.
J Bone Joint Surg Br, 2003, 85: 1045–1050.
13. Piccioli A, Spinelli MS, Maccauro G. Impending fracture: A difficult diagnosis.
Injury, 2014, 45: S138–S141.
14. Hara S. Opioids for metastatic bone pain. Oncology, 2008, 74: 52–54.

15. Dupuy DE, Liu D, Hartfeil D, et al. Percutaneous radiofrequency ablation of
painful osseous metastases: a multicenter American College of Radiology
Imaging Network trial. Cancer, 2010, 116: 989–997.
16. Hoffmann RT, Jakobs TF, Trumm C, Weber C, Helmberger TK,
Reiser MF. Radiofrequency ablation in combination with osteoplasty in the
treatment of painful metastatic bone disease. J Vasc Interv Radiol, 2008,
19: 419–425.
17. Callstrom MR, Atwell TD, Charboneau JW, et al. Painful metastases involving
bone: percutaneous image-guided cryoablation—prospective trial interim analysis.
Radiology, 2006, 241: 572–580.
18. Rose PS, Morris JM. Cryosurgery/cryoablation in musculoskeletal
neoplasms: history and state of the art. Curr Rev Musculoskelet Med, 2015, 8:
353–360.
19. Pusceddu C, Sotgia B, Fele RM, Melis L. Treatment of bone
metastases with microwave thermal ablation. J Vasc Interv Radiol, 2013, 24:
229–233.
20. Brace CL. Microwave ablation technology: what every user should know. Curr
Probl Diagn Radiol, 2009, 38: 61–67.
21. Brace CL. Radiofrequency and microwave ablation of the liver, lung, kidney,
and bone: what are the differences?. Curr Probl Diagn Radiol, 2009, 38:
135–143.
22. Wright AS, Lee FT Jr, Mahvi DM. Hepatic microwave ablation with multiple
antennae results in synergistically larger zones of coagulation necrosis. Ann Surg
Oncol, 2003, 10: 275–283.
23. Kurup AN, Callstrom MR. Image-guided percutaneous ablation of bone and
soft tissue tumors. Semin Intervent Radiol, 2010, 27: 276–284.
24. Pusceddu C, Sotgia B, Fele RM, Ballicu N, Melis L. Combined microwave
ablation and Cementoplasty in patients with painful bone metastases at high risk
of fracture. Cardiovasc Intervent Radiol, 2016, 39: 74–80.
25. Chapman CR, Casey KL, Dubner R, Foley KM, Gracely RH, Reading AE. Pain
measurement: an overview. Pain, 1985, 22: 1–31.
26. Aun C, Lam YM, Collett B. Evaluation of the use of visual analogue scale in
Chinese patients. Pain, 1986, 25: 215–221.
27. Janjan N. Bone metastases: approaches to management. Semin Oncol,
2001, 28: 28–34.

124
ORTHOPAEDIC SURGERY

VOLUME 13 • NUMBER 1 • FEBRUARY, 2021
CONTROLLING METASTATIC OSSEOUS PAIN USING MWA



28. Iannessi A, Amoretti N, Marcy PY, Sedat J. Percutaneous cementoplasty for
the treatment of extraspinal painful bone lesion, a prospective study. Diagn Interv
Imaging, 2012, 93: 859–870.
29. Yin JJ, Pollock CB, Kelly K. Mechanisms of cancer metastasis to the bone.
Cell Res, 2005, 15: 57–62.
30. Lea W, Tutton S. Decision making: Osteoplasty, ablation, or combined
therapy for spinal metastases. Semin Intervent Radiol, 2017, 34: 121–131.
31. Botsa E, Mylona S, Koutsogiannis I, Koundouraki A, Thanos L. CT image
guided thermal ablation techniques for palliation of painful bone metastases. Ann
Palliat Med, 2014, 3: 47–53.
32. Kastler A, Alnassan H, Aubry S, Kastler B. Microwave thermal ablation
of spinal metastatic bone tumors. J Vasc Interv Radiol, 2014, 25:
1470–1475.
33. Westbroek EM, Goodwin ML, Hui F, Khan MA, Sciubba DM. Thermal injury to
spinal cord, a rare complication of percutaneous microwave spine tumor ablation:
case report. J Clin Neurosci, 2019, 64: 50–54.
34. Burgard CA, Dinkel J, Strobl F, et al. CT fluoroscopy-guided percutaneous
osteoplasty with or without radiofrequency ablation in the treatment of painful
extraspinal and spinal bone metastases: technical outcome and complications in
29 patients. Diagn Interv Radiol, 2018, 24: 158–165.
35. Liang P, Yu J, Lu MD, et al. Practice guidelines for ultrasound-guided
percutaneous microwave ablation for hepatic malignancy. World J Gastroenterol,
2013, 19: 5430–5438.
36. Kelekis A, Cornelis FH, Tutton S, Filippiadis D. Metastatic osseous pain
control: bone ablation and Cementoplasty. Semin Intervent Radiol, 2017, 34:
328–336.
37. Yu J, Wu H, Meng XW, et al. Ultrasound-guided percutaneous microwave
ablation of central intraductal papilloma: a prospective pilot study. Int J
Hyperthermia, 2019, 36: 606–612.

38. Ahrar K, Stafford RJ. Magnetic resonance imaging-guided laser ablation of
bone tumors. Tech Vasc Interv Radiol, 2011, 14: 177–182.
39. Schaefer O, Lohrmann C, Herling M, Uhrmeister P, Langer M.
Combined radiofrequency thermal ablation and percutaneous cementoplasty
treatment of a pathologic fracture. J Vasc Interv Radiol, 2002, 13:
1047–1050.
40. Deib G, Deldar B, Hui F, Barr JS, Khan MA. Percutaneous microwave
ablation and Cementoplasty: clinical utility in the treatment of painful
Extraspinal osseous metastatic disease and myeloma. AJR Am J Roentgenol,
2019, 27: 1–8.
41. Jawad MS, Fahim DK, Gerszten PC, et al. Vertebral compression fractures
after stereotactic body radiation therapy: a large, multi-institutional, multinational
evaluation. J Neurosurg Spine, 2016, 24: 928–936.
42. Rose PS, Laufer I, Boland PJ, et al. Risk of fracture after single fraction
image-guided intensity-modulated radiation therapy to spinal metastases. J Clin
Oncol, 2009, 27: 5075–5079.
43. Wallace AN, Greenwood TJ, Jennings JW. Radiofrequency ablation and
vertebral augmentation for palliation of painful spinal metastases. J Neurooncol,
2015, 124: 111–118.
44. Clarencon F, Jean B, Pham HP, et al. Value of percutaneous
radiofrequency ablation with or without percutaneous vertebroplasty for pain
relief and functional recovery in painful bone metastases. Skeletal Radiol,
2013, 42: 25–36.
45. Durfee RA, Sabo SA, Letson GD, Binitie O, Cheong D. Percutaneous
Acetabuloplasty for metastatic lesions to the pelvis. Orthopedics, 2017, 40:
e170–e175.
46. Tomasian A, Gangi A, Wallace AN, Jennings JW. Percutaneous thermal
ablation of spinal metastases: recent advances and review. AJR Am J Roentgenol,
2018, 210: 142–152.

125
ORTHOPAEDIC SURGERY

VOLUME 13 • NUMBER 1 • FEBRUARY, 2021
CONTROLLING METASTATIC OSSEOUS PAIN USING MWA


	 Feasibility of Controlling Metastatic Osseous Pain Using Three Kinds of Image-Guided Procedures for Thermal Microwave Abla...
	Introduction
	Methods
	Procedure
	Evaluation Index
	Visual Analogue Scale
	Statistical Analysis

	Results
	Patient Demographics and Surgical Data
	Postoperative Evaluation
	Complications
	Pain
	Comparison of the Three Image Modes

	Discussion
	Pain Relief
	Choice of Various Image-Guided Procedures
	Structural Stabilization
	Functional Activity
	Choice of Anesthesia
	Limitations

	Conclusion
	Acknowledgment
	References


