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Abstract 

Background:  Surgical treatment for recurrent bone tumors in the extremities still presents a challenge. This study 
was designed to evaluate the clinical value of microwave ablation in the treatment of recurrent bone tumors.

Methods:  We present 15 patients who underwent microwave ablation for recurrent bone tumors during the last 
7 years. The following parameters were analyzed for outcome evaluation: general condition, surgical complications, 
local disease control, overall survival, and functional score measured using the Musculoskeletal Tumor Society (MSTS) 
93 scoring system.

Results:  Percutaneous microwave ablation in one patient with osteoid osteoma and another with bone metastasis 
resulted in postoperative pain relief. Thirteen patients received intraoperative microwave ablation before curettage or 
resection, including those with giant cell tumors of bone (6), chondroblastoma (2), osteosarcoma (2), undifferentiated 
sarcoma (1), and bone metastases (2). All patients achieved reasonable local tumor control in the mean follow-up of 
29.9 months. The functional score was 24.1 for the 15 patients 6 months after the operation. Four patients had tumor 
metastasis and died, whereas 3 patients with tumors survived, and the remaining 8 patients without the disease 
survived.

Conclusions:  Microwave ablation represents an optional method for local control in treating recurrent bone tumors 
in the extremities.

Keywords:  Recurrent bone tumors, Microwave ablation, Surgical treatment

© The Author(s) 2022. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which 
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the 
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or 
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line 
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory 
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this 
licence, visit http://​creat​iveco​mmons.​org/​licen​ses/​by/4.​0/. The Creative Commons Public Domain Dedication waiver (http://​creat​iveco​
mmons.​org/​publi​cdoma​in/​zero/1.​0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.

Background
Surgical treatment of recurrent bone tumors in the 
extremities continues to present a challenge. Giant cell 
tumors of bone and chondroblastoma are common 
benign bone tumors prone to relapse [1, 2]. The tumor 
site is close to the articular surface, and most patients 
are young, impeding the reoperation of the recurrent 
tumor. The current literature suggests that the ideal treat-
ment for giant cell tumors of bone and chondroblastoma 

is removing the tumor while preserving as much of the 
joint as possible [1, 2]. The re-recurrence rate of recur-
rent giant cell tumors of bone has been reported to be 
58.8% for patients who had underwent curettage or 
intralesional resection without an adjunct treatment [3]. 
Moreover, 88% of patients with osteosarcoma recurrence 
are complicated with lung metastasis or other metasta-
ses, and the 5-year survival rate of these patients is about 
9.5% [4]. Even if osteosarcoma relapses and metasta-
sizes, more than 60% of the patients are still willing to 
undergo limb-salvage surgery [4]. Amputation provides 
no additional survival benefits [4, 5]. The complex sur-
gical boundary of recurrent osteosarcoma increases 
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the difficulty of limb-salvage surgery. Minimal trauma, 
reduced costs, and reasonable local tumor control should 
be considered in treating recurrent osteosarcoma.

As a thermal ablation method, microwave ablation has 
been widely used in the treatment of bone and soft tis-
sue tumors [6–10]. Percutaneous microwave ablation 
has been successfully used to treat osteoid osteoma and 
bone metastasis in the extremities [11–13]. The pro-
cess of microwave ablation in the operation of primary 
malignant bone tumors, invasive bone tumors, and bone 
metastases has also been reported [14–17]. Microwave 
ablation has been used to provide adequate local tumor 
control for juxta-articular osteosarcoma [18]. The tech-
nique has also been applied to treat skip metastases of 
osteosarcoma in the extremities [19].

Few studies have thus far investigated the clinical value 
of microwave ablation in recurrent bone tumors. In this 
study, microwave ablation was performed to treat recur-
rent bone tumors in 15 patients. Basing on this retro-
spective clinical study, we intend to explore the clinical 
value of microwave ablation in the treatment of recurrent 
bone tumors.

Patients and methods
Microwave ablation was performed on 15 patients with 
recurrent bone tumors in the extremities at the 960th 
Hospital of the PLA Joint Logistics Support Force from 
January 2014 to June 2020. Data were collected from 
patient records, including surgical protocols and tumor 
recurrence and metastasis. All patients in this series were 
followed-up regularly and underwent postoperative limb 
function evaluation. Regular follow-up was performed in 
the outpatient department. Follow-up records included 
patients’ feelings, proprioception, imaging reexamina-
tion, and limb function evaluation, which was deter-
mined using the Musculoskeletal Tumor Society (MSTS) 
scoring system.

The inclusion criteria were as follows: (i) patients with 
recurrent bone tumors in the extremities; (ii) definite 
postoperative pathological diagnosis; and (iii) micro-
wave ablation used to treat recurrent bone tumors. The 
exclusion criteria were as follows: (i) patients who died 
of other diseases; (ii) incomplete clinical, radiographic, 
and pathology report; and (iii) no standardized follow-up 
data.

Surgical treatments
For patients with a recurrent bone tumor, surgical meth-
ods included percutaneous microwave ablation and 
intraoperative microwave ablation before tumor curet-
tage and resection. The pathological type and loca-
tion of the tumor should be considered in the resection 
and repair of bone defect. After intraoperative tumor 

microwave ablation, tumor curettage and bone graft were 
typically performed on chondroblastoma; tumor curet-
tage and cementation were typically conducted on giant 
cell tumors of bone; and tumor resection and cementa-
tion were generally performed on malignant tumors. 
Internal fixation was used to increase bone strength in 
some patients.

Survival status was evaluated according to both local 
and distant tumor control. Reexamination of all patients 
was requested monthly for half a year after surgery, every 
3 months between 0.5–2 years, every 6 months between 
2–5 years, and annually after 5 years. Local disease con-
trol and metastases were recorded. Local recurrence was 
suspected initially based on abnormal symptoms of pain 
and swelling, evidence of new mass upon physical exami-
nation, and imaging studies. A biopsy was further per-
formed to confirm the suspicion.

Pulmonary metastasis, bone metastasis, retroperito-
neal metastasis, and other metastases were recorded in 
this study. Pulmonary metastasis was confirmed by chest 
CT, and retroperitoneal and bone metastases were con-
firmed by magnetic resonance imaging. The MSTS 93 
score was used for functional evaluation at the preop-
eration, postoperation, and follow‐up in our study. Each 
of the 6 variables, including pain, function, emotional 
acceptance, and supports walking ability and gait, was 
assessed on a five‐point scale, giving a maximum score 
of 30 points. A higher MSTS score signified better func-
tional results. Clinical complications, such as functional 
limitation, infection, pain, and swelling were recorded. 
Oncological failure was not recorded as a complication.

Results
Clinical data for 15 patients with a recurrent bone tumor 
are summarized (Table  1). The pathological types of 
recurrent tumors included 1 case of osteoid osteoma, 6 
cases of giant cell tumors of bone, 2 cases of chondro-
blastoma, 2 cases of osteosarcoma, 1 case of undifferenti-
ated sarcoma, and 3 cases of bone metastasis. The series 
included 7 men and 8 women, with a median age of 27.5 
y (range: 12–69 y). The median follow-up period was 
27  months (range: 11–92  months). Microwave ablation 
was conducted on all patients in the following locations: 
femora, 9 (60.0%); tibiae, 3 (20.0%); humeri, 2 (13.3%); 
and radius, 1 (6.7%).

Surgical treatments
 Two patients—one with recurrent osteoid osteoma 
(Patient 1) and another with recurrent renal carci-
noma metastasis (Patient 15)—underwent percuta-
neous microwave ablation for the tumor; meanwhile, 
the remaining 13 patients underwent adjuvant intra-
operative microwave ablation. In the percutaneous 
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microwave ablation, the tumor lesion was accurately 
located, and the puncture path was planned under 
CT guidance. A coaxial technique was used to guide 
the insertion of a 15G disposable microwave abla-
tion antenna (2  mm in diameter, 150  mm in length, 
2450 MHz generator, ECO -100A1 from Nanjing ECO 
Microwave System Co., Ltd.) to the tumor center. 
Patient 1, a 13-year-old boy with osteoid osteoma in the 
left femoral diaphysis, reexperienced pain symptoms. 
The boy underwent percutaneous radiofrequency abla-
tion of the tumor 8 months before the aforementioned 
symptoms. Ablation with microwave output power 
40  W was performed on recurrent osteoid osteoma 
for 2 min under local anesthesia and nerve block anes-
thesia. Patient 15, a 63-year-old male patient with 
renal carcinoma metastasis in the proximal humerus, 
reexperienced pain symptoms in his left upper arm. 
The patient underwent tumor curettage followed by 
cementation and internal fixation 6 months ago. Pazo-
panib treatment failed to achieve tumor control. Imag-
ing revealed new osteolytic lesions with a diameter of 
about 2 cm in the internal fixation area. The existence 
of previous internal fixation provided good bone stabil-
ity; thus, the recurrent humoral metastasis was treated 
by ablation with a microwave output power of 50 W for 
4 min under local anesthesia (Fig. 1).

Thirteen patients with local recurrent bone tumors 
underwent intraoperative microwave ablation before 
curettage or resection. The microwave equipment was 
the same as the aforementioned device. The microwave 
ablation power and ablation time were selected depend-
ing on the lesion location and size. When the micro-
wave ablation area was close to the articular surface, 
intra-articular ice saline perfusion was employed. Six 
patients (Patients 2 to 7) with giant cell tumors of bone 
and 2 patients (Patients 8 and 9) with chondroblas-
toma underwent tumor curettage and bone grafting or 
cementation in the past 2 years. After recurrent tumor 
microwave ablation and curettage, 6 patients with giant 
cell tumors of bone received cementation (Fig. 2), and 
2 patients with chondroblastoma was treated with allo-
graft. The bone graft and cement in the primary treat-
ment was totally removed before further curettage. 
Three patients (Patients 10, 11, and 12) with recurrent 
primary malignant bone tumors received intraoperative 
microwave ablation before resection. Patient 10 devel-
oped osteosarcoma recurrence and lung metastasis 3 
y after tumor bone inactivation combined with pros-
thesis reconstruction (Fig.  3). Patient 11, who under-
went osteosarcoma resection and mega-prosthesis 
reconstruction, had local recurrence and lung metas-
tasis 9  months after surgery. Patient 12, who received 

Table 1  Presents data of 15 patients; it is a case series study

a According to MSTS (Musculoskeletal Tumor Society) 93 limb functional score, pre Preoperation, 6 m: 6 months after operation, M Male, F Female

No Gender/
age 
(years)

Recurrent 
location

Tumor Tumor site Microwave use Follow-up 
(months)

Function*
(Pre-/6 m)

Recurrence
or metastasis

Survival

1 M/13 Femoral diaphy‑
seal

Osteoid 
osteoma

Local only Percutaneous 
ablation

31 24/30 No Alive without 
tumor

2 F/39 Distal radius Giant cell tumor Ablation before 
curettage

92 20/28 No

3 F/34 Proximal 
humerus

34 21/26 No

4 F/28 Distal tibia 24 19/26 No

5 M/27 Distal femur 44 18/27 No

6 F/30 Distal femur 30 21/27 No

7 M/23 Proximal femur Local and lung 32 18/27 Lung metastasis Alive with tumor

8 F/15 Distal femur Chondroblas‑
toma

Local only Ablation before 
curettage

33 22/26 No Alive without 
tumor9 M/15 Distal femur 25 23/25 No

10 M/23 Middle femur Osteosarcoma Local and lung Ablation before 
resection

15 18/22 Lung metastasis Dead of disease

11 M/22 Middle femur 12 16/20 Lung metastasis

12 F/68 Distal femur Undifferentiated 
sarcoma

29 15/22 Lung metastasis Alive with tumor

13 F/69 Proximal tibia Liposarcoma 
metastasis

Local and 
Multiple 
metastasis

Ablation before 
curettage

12 14/17 Lymphatic 
metastasis

Dead of disease

14 M/12 Proximal tibia Osteosarcoma 
metastasis

Ablation before 
curettage

11 13/20 Lung metastasis

15 M/63 Proximal 
humerus

Renal carcinoma 
metastasis

Percutaneous 
ablation

25 13/19 Multiple metas‑
tasis

Alive with tumor
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undifferentiated sarcoma resection, experienced local 
recurrence and lung metastasis 6 y after surgery. She 
underwent microwave ablation, curettage, and internal 
fixation of a femoral tumor. Two patients (Patients 13 
and 14) with recurrent bone metastasis were treated 

with intraoperative microwave ablation before curet-
tage. Patient 13 had a left thigh tumor recurrence, left 
tibial metastasis, and multiple-lymph-node metasta-
sis 19 months after resection of left thigh liposarcoma. 
Patient 14 had right tibial tumor metastasis 11 months 

Fig. 1  A 63-year-old male patient with with recurrent bone metastasis in the proximal humerus treated by percutaneous microwave ablation. A 
X-ray after the first surgery shows bone metastasis curettage, cementation and internal fixation. B X-ray at postoperative 8 months shows recurrent 
bone metastasis under the cement. C Percutaneous microwave ablation has been used to treat the recurrent bone metastasis. D After microwave 
ablation of the tumor, the temperature of the ablation core area can be measured to 73 ℃

Fig. 2  A 39-year-old female patient with with recurrent giant cell tumor of bone in the distal radius treated by tumor microwave ablation, 
curettage, cementation and internal fixation. A X-ray after the first surgery shows tumor curettage, bone-graft and external fixation. B X-ray at 
postoperative 4 months shows recurrent giant cell tumor of bone. C Recurrent bone tumor accepted microwave ablation before curettage. D After 
microwave ablation, the tumor tissue shows grayish white degeneration. E Cementation and internal fixation has been used to reconstruct bone 
defect after tumor curettage. F X-ray after re curettage shows tumor clearance and reconstruction

Fig. 3  A 23-year-old male patient with with recurrent osteosarcoma in the middle femur treated by tumor microwave ablation and resection. 
A, B, C X-ray and CT show recurrent osteosarcoma in the middle femur at 3 years of after tumor bone inactivation combined with prosthesis 
reconstruction. D CT shows lung metastasis. E Recurrent osteosarcoma accepted microwave ablation before resection. F After microwave ablation, 
the degenerative tumor tissue accepted resection only. G Re operation without other treatments does not affect the stability of the prosthesis
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after inactivation and replantation of osteosarcoma in 
the distal right femur.

Regarding the 2 patients who received percutaneous 
microwave ablation, for Patient 1, pain disappeared and 
the tumor was cured; for Patient 15, pain was relieved, 
and the VAS score was reduced from 9 to 2. Six patients 
(Patients 2 to 7) with recurrence after curettage of giant 
cell tumors of the bone regained local tumor control and 
retained their joints. One patient (Patient 7) received 
continuous denosumab treatment for lung metastasis. 
Two patients (Patients 8 and 9) with recurrent chond-
roblastoma regained local tumor control and retained 
their joints without other interventions in the follow-up. 
Four patients (Patients 10, 11, 13, and 14) with malig-
nant recurrent bone tumors and multiple metastases 
achieved good local tumor treatment within the survival 
time. Patient 12 with a malignant recurrent bone tumor 
achieved good local tumor control and stable lung lesion 
in the follow-up.

In this series, 1 patient (Patient 7) with a giant cell 
tumor of bone and 6 patients (Patients 10 to 15) with 
malignant bone tumors had lung metastases or multiple 
metastases. Patients 7, 12, and 15 survived despite hav-
ing tumors. The other 4 patients died of tumor metasta-
sis 11–15  months after the operation. The mean MSTS 
score for limb function 6  months after the operation in 
15 patients was 24.1 (range: 17–30). Compared with the 
mean score of 18.3 points of limb function before opera-
tion, the postoperative limb function has been improved 
to varying degrees. The limb function of the patients 
with benign tumors (25–30) was better than those of 
patients with malignant tumors (17–22) because of the 
differences in previous operations. Thirteen patients who 
received microwave ablation during operation, the mean 
operation time was 135  min (range: 85–160), and the 
average bleeding volume was 260  ml (range: 180–750). 
Except one elderly patient with preoperative anemia who 
received blood transfusion, other patients did not receive 
blood transfusion. No perioperative complications were 
found in these 15 patients.

Discussion
Percutaneous microwave ablation can effectively relieve 
pain and improve the quality of life of patients with 
benign bone tumors or malignant bone tumors [9]. Per-
cutaneous microwave ablation of osteoid osteoma in the 
extremities is effective and has been recommended by 
clinical guidelines [20]. The current study proves that 
percutaneous microwave ablation can still achieve sat-
isfactory clinical efficacy for osteoid osteoma with failed 
percutaneous radiofrequency ablation. For osteolytic 
limb bone metastasis, percutaneous microwave ablation 
can exert an analgesic effect. However, bone strength 

reduction cannot be improved, and pathological fracture 
poses a risk. The guideline recommends internal fixation 
for the osteolytic metastasis after microwave ablation 
[20]. In the present study, the patient with recurrent bone 
metastasis did not need to consider the risk of pathologi-
cal fracture because of internal fixation. Thus, percuta-
neous microwave ablation can achieve the therapeutic 
effect. Percutaneous microwave ablation is a good treat-
ment for similar cases.

The clinical effect of intraoperative microwave ablation 
has been proved in several studies [16, 21]. In the current 
study, the aforementioned technique was used to treat 
recurrent giant cell tumors of bone and chondroblas-
toma. Giant cell tumors of bone and chondroblastoma 
are found in younger patients. For recurrent bone tumors 
near the joint, bone tumor and joint resection, followed 
by mega-prosthesis reconstruction may easily be con-
ducted. However, these young patients have long sur-
vival time and more activities. The best treatment should 
be to remove the tumor while preserving the joint of the 
patient. We sense that preserving the native articular sur-
face is better than joint-sacrificing reconstructions. Giant 
cell tumors of bone and chondroblastoma are benign 
bone tumors that are prone to relapse. In the treatment 
of recurrent giant cell tumors of bone, intralesional pro-
cedures without any adjuncts such as the burring or 
Polymethylmethacrylate result in an unacceptably high 
re-recurrence rate of about 58.8% [3]. Recurrent giant 
cell tumors of bone can be treated by further curettage 
with additional burring and cementation with an accept-
able re-recurrence rate of 21.7% [3]. As a new method, 
the microwave ablation pretreatment proposed in the 
present study can release tumor recurrence. The clinical 
efficacy proved that intraoperative microwave ablation is 
an optional surgical method for patients with recurrent 
giant cell tumors of bone and chondroblastoma.

 Compared with benign bone tumors, recurrent 
malignant bone tumors are more difficult to treat. 
Relapsed osteosarcoma consists of hardly manage-
able entities with poor prognosis [22]. Although many 
other treatments exist, reoperation is an important 
treatment for recurrent tumors. Obtaining local tumor 
control, reducing surgical trauma, and lowering medi-
cal expenses are issues to considered in reoperation. In 
this study, a relatively eclectic surgical treatment was 
chosen. Microwave ablation as a method for tumor 
boundary control has been reported [18]. Intraopera-
tive microwave ablation has been applied in recurrent 
tumor inactivation before resection in this study. Com-
pared with wide resection and amputation, it involves 
relatively less surgical trauma and the same local con-
trol. In addition, microwave ablation has other advan-
tages, such as reducing bleeding of blood rich tumors 
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and inducing immunity. Of course, microwave ablation 
also has some disadvantages, such as: operation learn-
ing curve, risk of scalding surrounding tissues, etc. The 
clinical guideline is helpful to further understand the 
advantages and disadvantages of microwave ablation 
and help clinicians correctly use microwave ablation 
[20]. Within the limited survival time in this series, the 
local tumor control is satisfactory. One elderly patient 
with recurrent undifferentiated sarcoma in distal femur 
accepted microwave ablation obtain good tumor con-
trol also during more than 2 years of follow-up.

The limb function was the focus of this study because 
all patients underwent at least two operations. The 
limb function of patients is related to this conserva-
tive operation and the previous operation. For patients 
with giant cell tumors of bone and chondroblastoma, 
sparing the articular end of the affected bone allows 
patients to retain their native joints and ligaments, 
affording improved proprioception and joint func-
tion after reconstruction. Patients with benign tumors 
can obtain satisfactory long-term limb function. The 
functional results in this series may be attributed to 
the preservation of a stable periarticular structure and 
optimal bone construct.

Certain limitations of this study require consideration. 
First, this study has a small number of patients and no 
control group; therefore, we could not perform a compar-
ative assessment of our clinical results with those of wide 
resection alone or other methods of treating tumors, 
such as argon–helium cryoablation. Second, although 
the risk of local recurrence of giant cell tumors of bone 
and chondroblastoma is expected to decrease at 2 y, risk 
still exists to a certain extent, which may be evident with 
a longer follow-up. A minimum of 5  years follow-up is 
needed to be more certain of its safety. Third, no consen-
sus has been reached on the appropriate time and energy 
of microwaves, which balance the intensity of ablation 
needed to adequately destroy the tumor and retain the 
normal bone and the articular cartilage. Clinical guide-
lines recommend that tumor ablation should reach an 
ablation temperature of 60 °C–80 °C and last for 30 min 
[20]. The gross degeneration of tumor tissue is typically 
used as a reference assessing the effect of microwave 
ablation. Nonetheless, the intraoperative experience of 
the surgeon is an important basis for guiding microwave 
use.

In this series, no patient had local tumor recurrence, 
which suggests that conservative surgery with percuta-
neous microwave ablation or intraoperative microwave 
ablation can be a viable and safe option for selected 
patients with recurrent bone tumors in the extremities. 
This study proves that this concept is feasible and thus 
proposes a reliable scheme.

Conclusions
Conservative surgery with percutaneous microwave abla-
tion or intraoperative microwave ablation may be a viable 
and safe option for selected patients with recurrent bone 
tumors in the extremities. While a small sample size, 
excellent results were achieved in the current study. To 
strengthen and verify the conclusions larger, high-quality 
clinic trials are required.
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