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Abstract

Background Joint-sparing surgery of a patient’s native

joint for osteosarcoma likely affords better function and

comparable survival. However, it sometimes is challenging

to resect a juxtaarticular osteosarcoma in a way that pre-

serves the affected epiphysis because wide margins are

necessary to minimize the risk of local recurrence. If there

was a method to resect a tumor close to the joint and treat a

potentially positive margin to prevent recurrence, it might

allow salvage of a joint that otherwise might be lost.

Questions/purposes We therefore asked (1) whether

joint-preserving tumor resection could be performed for

juxtaarticular osteosarcoma after microwave ablation of the

tumor edge under navigation without leading to local

recurrences, (2) what is the resulting function, and (3) what

are the complications associated with this procedure.

Methods Between 2009 and 2011, we treated 11 patients

who had juxtaarticular osteosarcoma of the proximal tibia

(mean age, 12 years; range, 9–16 years) with joint-pre-

serving surgery by transepiphysis tumor resection after

navigation-assisted microwave ablation of the tumor edge;

they were followed a minimum of 37 months (mean, 48

months; range 37–62 months), and none was lost to fol-

lowup. Patients were considered eligible for this procedure

if they had a distance from the tumor edge to the articular

surface between 10 to 15 mm, good chemotherapy

responses, no pathologic fracture and no tumor involve-

ment of major neurovascular structures. Allograft in

combination with a vascularized fibula flap was used for

segmental reconstruction. We recorded local tumor control,

complications, and functional outcomes using the Muscu-

loskeletal Tumor Society score, which ranges from 0 to 30,

with higher scores indicating better function.

Results There were no local recurrences. Major compli-

cations included osteonecrosis of part of the epiphysis in

two patients and deep infection in one. The Muscu-

loskeletal Tumor Society score ranged from 26 to 30 with a

mean of 29.

Conclusions In selected patients with osteosarcoma

invading the epiphysis, navigated resection facilitates per-

forming joint-sparing surgery, and in our small series, the

adjuvant microwave ablation seemed to provide adequate

local tumor control. Although more experience and longer

followup are needed, this approach may make it possible to

salvage more native joints when performing limb salvage

for osteosarcoma.

Level of Evidence Level IV, therapeutic study.
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Introduction

Advancement in chemotherapy and reconstructive tech-

niques has made it possible for the majority of patients with

osteosarcoma to undergo successful limb salvage surgical

procedures [7, 16]. For juxtaarticular osteosarcoma, this

usually results in large segmental resections with extensive

bone sacrifice followed by reconstruction with a

megaprosthetic implant or osteoarticular allograft. How-

ever, these reconstruction techniques are associated with

frequent complications [2, 3, 22].

Historically, there have been attempts to improve con-

tiguous joint function and decrease prosthesis-related

complications by means of an intercalary resection, pre-

serving a part or all of the joint surface. Intercalary

resection may result in superior joint function and long-

evity because of preservation of normal articular cartilage

and because ligamentous stability is preserved [20, 23, 28].

Such a procedure was made possible by understanding the

epiphyseal spread of tumor with reference to the articular

surface [15, 26, 28]. Despite controversy [15, 17, 26], it

generally is agreed that the joint surface-saving method can

be safely used only in patients who have a tumor that does

not breach the epiphyseal line or extend to the subchondral

region [23, 28]. Given the high risk of local recurrence and

catastrophic oncologic outcome with a contaminated mar-

gin, some orthopaedic oncologists are reluctant to perform

a joint-saving procedure for patients with a tumor breaking

through the epiphyseal growth plate because of an unreli-

able margin [16, 23].

Tumor ablation is defined as direct application of ther-

mal or chemical therapies to a tumor to achieve eradication

or tumor destruction. Microwave ablation is the most

recent development in the field of tumor ablation [1, 4, 5,

8]. Electromagnetic microwaves agitate water molecules in

the surrounding tissue, producing friction and heat, thus

inducing cellular death through coagulation necrosis [24].

Microwave ablation has shown potential in the treatment of

primary and secondary liver disease, lung malignancies,

and renal tumors [1, 4, 8]. Early clinical use of microwave

ablation in primary bone tumors and bone metastases has

been promising [5, 11]. During the last decade, we per-

formed joint-preservation surgery for patients with

juxtaarticular osteosarcoma by transepiphyseal osteotomy

after navigation-assisted microwave ablation of the edge of

the tumor and reconstruction with an intercalary biologic

reconstruction, preserving the native joint and maintaining

a nearly normal joint.

We reviewed our experience with this procedure by

asking (1) whether joint-preserving tumor resection could

be performed for juxtaarticular osteosarcoma after micro-

wave ablation of the tumor edge under navigation without

leading to local recurrences, (2) what is the resulting

function, and (3) what are the complications associated

with this procedure?

Patients and Methods

Between 2009 and 2011, we treated 11 patients who had

been treated for juxtaarticular osteosarcoma in the proxi-

mal tibia by microwave ablation-aided joint preserving

surgery. There were six boys and five girls with a mean age

of 12 years (range, 9–16 years) in this series. They were

followed a minimum of 37 months (mean, 48 months;

range, 37–62 months), and none was lost to followup. All

had Stage IIB tumors according to the Musculoskeletal

Tumor Society (MSTS) staging system [9]. All patients in

this study met the following criteria: (1) the distance

between the tumor edge and articular surface was between

10 to 15 mm on a T1-weighted coronal MR image; (2)

there was no obvious soft tissue mass extension that

invaded the major neurovascular bundle; (3) there was no

pathologic fracture; and (4) there was good response to

neoadjuvant chemotherapy. During the study period, there

were 12 patients who potentially were eligible for the new

treatment. Among these patients, 11 underwent this treat-

ment. The one patient who declined instead underwent

intraarticular tumor resection and endoprosthetic replace-

ment. The response of the tumor to chemotherapy was

assessed at a multidisciplinary oncologic meeting. All data

were obtained from medical records and radiographs.

Surgical Procedures

Surgical procedures were the same as for conventional

partial epiphysis-preserving surgery [20, 23], except that

before the osteotomies, navigation-aided microwave abla-

tion of the proximal tumor edge was applied. Each

operation was performed in three steps. First, we set up the

navigation system and performed the image-to-patient

registration. Second, under navigation, we identified the

extent of the tumor and ablated the zone of the proximal

tumor edge. Afterward, we performed an osteotomy at the

edge of the tumor and removed the tumor. Approximately

1 cm of residual epiphysis was preserved. Third, we

reconstructed the defect with the massive allograft bone in

combination with a vascularized fibula bone graft.

We used the navigation method described by Li et al. [19].

CT images of the lesion with slices of 0.625 mm and MR

images with slices of 2 mm were obtained. Image data sets

were imported to a navigation system (Stryker1 CT spine

navigation, version 1.6; Stryker1 Corporation, Freiburg,
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Germany) for image fusion. The CT and MR images were

fused by matching segmented known structures in corre-

sponding MRI and CT data manually. The data sets of the

fused images were transferred to the navigation system for the

preoperative ablation plan. The tumor edge was determined at

the transition of marrow signal from abnormal to normal on

T1-weighted MR images. Areas of intermediate signal

intensity adjacent to the tumor edge were regarded as part of

the tumor. Preoperative image fusion was successful and all

patient-to-image registrations were possible, with a mean

error of 0.52 mm (range, 0.41–0.68 mm). After appropriate

surgical exposure, we placed a dynamic reference base at least

1 cm from the tumor margin distally but within the planned

osteotomy site. Soft tissue dissection at the joint capsule or

ligaments was minimized to preserve blood supply to the

epiphysis. Patient-to-image registration was performed using

the paired-point technique. After that, an operative drill and

microwave antennae mounted with navigation trackers were

calibrated to the navigation system. This allowed real-time

tracking of the spatial location of the tip of drill or antennae in

relation to the patient’s anatomy on the virtual preoperative

images. After distal tibia osteotomy, the tumor segment was

separated from the surrounding normal tissues while keeping

the major ligament of the knee intact (Fig. 1). The planned

proximal osteotomy line was set at the edge of the tumor.

Preoperative identification of epiphyseal tumor extension

includes areas of intermediate signal intensity, which should

be included in the ablation area (Fig. 2). With the aid of

navigation, the antenna array was placed 3 mm distal to the

predesigned osteotomy line for microwave hyperthermia of

the tumor edge (Fig. 3). We placed two to five antennae in the

tumor, 1 cm apart, according to the shape and size of the tumor

edge so that the tumor edge could be ablated adequately. The

tumor was ablated with direct heating while normal soft tis-

sues were protected from overheating. The core temperature

reached 108� C and the normal tissue temperature remained

less than 39� C. We put needles into the knee cavity for con-

tinuous perfusion of cold saline to keep the articular cartilage

and its subchondral bone from overheating. The output power

from microwave generators with 2450 MHz frequency was set

at 60 W. During ablation, we usually ablate 3 minutes in one

place. After that, the antenna is withdrawn 2 cm (because the

length of the microwave generator in the antenna is 2 cm) and

ablation is started for another 3 minutes so that the tumor

around the channel could be ablated completely without tumor

seeding. The antenna is withdrawn in this way until the entire

length of the channel is ablated.

We then performed the proximal osteotomy with the aid

of navigation. The location of the osteotome in relation to

the tumor edge was checked in three dimensions. The

tumor was resected en bloc. The tumors were sectioned

longitudinally at 5 mm thickness. The blocks containing

the margins of resection were secured. All the tissue blocks

were evaluated histologically for tumor hyperthermia

necrosis. The eschar resulting from the heat necrosis at the

osteotomy section appeared in the majority of the speci-

mens (Fig. 4). Histologic examination of all resected

specimens showed that part of the proximal margins were

histologically negative and part of the margins were

necrotic. The average thickness of the preserved epiphysis

was 11 mm (range, 8–13 mm). The distance between the

osteotomy line and the antenna ranged from 3 to 6 mm.

After tumor removal, massive allograft in combination

with an ipsilateral transferred pedicled fibular graft was

used for reconstruction (Fig. 5), which was described in a

previous study [18].

Single-photon emission CT was used to evaluate the

viability of the preserved epiphysis and transferred fibula at

1 week postoperatively and to detect tumor relapse in the

residual epiphysis every 6 months thereafter. We encour-

aged patients to do active knee flexion and extension

3 weeks postoperatively. The patients were allowed partial

weightbearing for early activity 3 months postoperatively.

All patients were followed up at 1 month, 3 months, every

3 months for 2 years, every 6 months until 3 years, and

annually thereafter. We obtained AP and lateral radio-

graphs of the surgically treated area to evaluate bone union

and growth arrest. Full-length standing radiographs were

obtained to evaluate the leg length differences. We also

performed clinical examinations to look for local relapse.

Signs of bony union were evaluated by serial sets of plain

radiographs. The overall mean time for bone union was

7 months (range, 5–11 months) at the proximal allograft-

tibia junction and 14 months (range, 10–18 month) at the

distal allograft-tibia junction. Lower extremity function

was evaluated by measuring MSTS scores [10], which

range from 0 to 30, with higher scores indicating better

function. All patients were followed up by the chief

Fig. 1 The reference base tracker was fixed approximately 1 cm

proximal to the distal osteotomy line and facilitated microwave

ablation by allowing continuous navigational monitoring.
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surgeon (JL). ROM of the knee was measured using a

goniometer and recorded at every visit.

Results

None of the patients in this series had local recurrence.

Two of 11 patients (18%) had pulmonary metastases

develop. One underwent excision of the metastasis and

survived without evidence of disease. The other died of the

pulmonary disease.

The mean MSTS functional score of the patients was

29 points (range, 26–30 points) at the final followup.

Postoperative rehabilitation was uneventful in all patients.

The mean active ROM of the knee was 116� (range, 95�–
135�). All patients could walk without an aid. The mean

time from the date of initial surgery to full weightbearing

without restrictions was 13 months (range, 8–18 months).

Three patients with four complications were treated

nonoperatively: two with clawed toes; one with peroneal

nerve palsy, which resolved completely 4 months postop-

eratively; and one patient had knee instability secondary to

Fig. 2A–B The navigation monitor shows (A) coronal and (B) sagittal images for intraoperative guidance. The microwave ablation antenna was

placed toward the edge of the tumor.

Fig. 3A–B Intraoperative (A) AP and (B) lateral radiographs show the position of the microwave ablation antenna and its relationship to the

growth plate.
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medial collateral ligament rupture resulting from a post-

operative sport injury that was treated successfully with

cast immobilization. Marginal necrosis of the skin that

required débridement occurred in one patient. One patient

had a deep infection develop 15 months postoperatively,

which resolved after antibiotics, débridement, and covering

the area with a rectus femoris flap. Bone scans showed that

the fibula flaps and remaining epiphysis were viable except

for osteonecrosis of part of the residual epiphysis in two of

the patients. They had no clinical symptoms. Patients with

an open physis before surgery experienced growth arrest of

the affected proximal tibia, with a mean shortening of 1.9

cm (range, 0.8–3.1 cm) compared with the unaffected side

(Fig. 6). Limb length was determined by scanograms.

Limb length discrepancy clinically was negligible in all

patients in whom it did not exceed 1 cm. In two patients

discrepancies greater than 1.5 cm were satisfactorily

compensated by a shoe lift (Table 1).

Discussion

There have been attempts to improve joint function in

patients with osteosarcoma by performing an intercalary

resection that preserves the native joint [15, 17, 23, 28].

However, this is not easy to do for a juxtaarticular

osteosarcoma owing to possible residual tumor if the tumor

is close to the articular surface. It may be necessary to

develop a local adjunctive treatment that has marked

effects on the tumor edge, thus enabling a surgical margin

that is as safe as with a wide resection and preserving as

much epiphysis as possible. However, we do not have the

tools to allow us do this. Although heat ablation by

microwave is a potential tool, there is a paucity of literature

regarding its use in joint-saving surgery [11]. Therefore, we

used a microwave to ablate the tumor edge close to the

joint making an intercalary resection possible in patients

with juxtaarticular osteosarcoma in which the distance

between the tumor edge and articular cartilage ranged from

10 to 15 mm. We therefore sought to assess whether joint-

preserving tumor resection could be performed for jux-

taarticular osteosarcoma after microwave ablation of the

tumor edge under navigation without leading to tumor

relapse in the remaining epiphysis.

Certain limitations of this study require consideration.

First, this study has a small number of patients and no

control group therefore, we could not do a comparative

assessment of our clinical results with those of wide

resection alone or other methods of treating margins such

as the argon beam. The resection margin in our series was

Fig. 4 The gross pathology specimen shows that the tumor was

excised with the eschar (black portion) resulting from heat necrosis at

the proximal osteotomy section.

Fig. 5A–B (A) AP and (B) Lateral radiographs obtained 3 months

postoperatively show the ipsilateral vascularized fibula flap was

transferred to contact with the residual epiphysis.
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considered necrotic margins, which are difficult to classify

by modern oncologic parameters for the treatment of

osteosarcoma. Second, although the risk of local recurrence

is going to be low at 3 years, there is still some risk which

may be evident with longer followup. A minimum of 5

years followup is needed to be more certain of its safety.

Third, there has been no consensus regarding appropriate

time and energy of microwaves which balance the intensity

of ablation needed to adequately destroy the tumor and

retain the viability of the remaining epiphysis. Therefore,

investigations should be done to determine the appropriate

temperature and duration of microwave ablation to sterilize

the tumor and to minimize the thermal damage to the

remaining epiphysis.

In our series, no patient had local tumor recurrence, which

indicates joint-preserving surgery using a combination of

adjuvant microwave ablation and tumor resection may be a

viable and safe option for selected patients with

juxtaarticular sarcoma. Early histologic studies [13, 25] of

resected specimens and an imaging study [12] have sug-

gested that the prevalence of transepiphyseal spread of the

tumor in metaphyseal osteosarcomas is approximately 80%.

Some orthopaedic surgeons would prefer treating osteosar-

coma penetrating the growth plate by removing the entire

epiphysis with the tumor to ensure adequate margins unless

the joint is contaminated with tumor, in which case an

extraarticular resection is preferred [21, 22, 28]. However,

subsequent replacement with a tumor prosthesis or osteoar-

ticular allograft is associated with uncertain durability of the

reconstruction and the longevity of these limb salvage pro-

cedures is unlikely to last the lifetime of the patient [3, 22].

Navigation that applies computer-based image processing of

MR image information to intraoperative observation and

guidance has been used in bone tumor surgery [6, 14, 27].

This enables the surgeon to better understand the edges of

tumors and make a tumor-free osteotomy possible during the

surgery. Therefore, with the aid of MRI-based intraoperative

navigation, transepiphyseal osteotomy with preservation of a

thin layer of articular cartilage and subchondral bone could

be performed in patients with the tumor extending to or

beyond the physeal cartilage, preserving 1 cm of normal

epiphysis. Li et al. [17] suggested use of a navigation system

may help identify tumor extent accurately at surgery. Despite

the accuracy of navigation making precise tumor resection

possible, we believe patients undergoing the joint-saving

procedure are still at risk for unreliable margins when the

distance between the edge of the tumor and osteotomy line is

less than 1.5 mm, owing to registration errors of the navi-

gation and/or discrepancies between the MRI signal and the

actual tumor limits. Therefore, if the distance between the

edge of the tumor and the articular cartilage was between 10

to 15 mm, it is a challenge for the surgeon to preserve at least

1 cm thickness of the epiphysis even if with the aid of nav-

igation. Microwave ablation has been used for palliative

treatment for patients with painful bone metastases. To the

best of our knowledge, only Fan et al. [11] reported on the use

of microwave ablation in limb-sparing procedures. In their

study, a combination of microwave ablation therapy and

limb-sparing procedures in 134 patients with malignant bone

tumors of the extremities showed a survival rate of 74%.

None of our patients experienced local relapse suggesting

that microwave heat ablation is a potential useful adjuvant

for juxtaarticular osteosarcomas.

The functional results of our series, with a mean MSTS

score of 29, were comparable to results of a study in which

patients with partial epiphyseal preservation and allograft

reconstruction had a mean MSTS score of 27 [23]. Sparing

the articular end of the affected bone enables patients to

retain their native joints and ligaments that in turn afford

better proprioception and more normal joint function after

reconstruction. The functional results in our series may be

Fig. 6 At the 42-month followup, the patient’s radiograph shows the

bone union achieved at every junction. The surgically treated side had

growth arrest at the proximal tibia and an obvious tibial discrepancy.
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attributed to preservation of a stable periarticular structure

and optimal bony construct. Nonunion between residual

epiphysis with a necrotic osteotomy surface and the avas-

cular allograft is one of the reconstructive concerns. To

increase the chance of bone union, we added the vascu-

larized fibular flap during reconstruction and it seemed to

be effective in prompting bone healing.

Our patients had few complications with this approach.

Osteonecrosis of part of the epiphysis owing to heat damage

was observed in two patients, and this is a potentially severe

complication. Although the patients are asymptomatic at mid-

term followup, there still are risks of late symptomatic col-

lapse with long-term followup. The growth plate was resected

along with the tumor in the majority of patients; the preserved

growth plate in the rest of the patients underwent heat necrosis.

It is inevitable that longitudinal growth disturbances of the

proximal tibia will develop in patients with an open physis.

We did not use surgical lengthening or contralateral epi-

physiodesis to equalize limb length discrepancy which was

mild enough for the patients to use shoe lifts.

This technique has the potential to provide some unique

contributions to joint-sparing surgery for juxtaarticular

osteosarcoma; our study is intended to be exploratory to

judge the value of the concept. With this approach, we

believe we can maximize preservation of the epiphysis and

assure a safe surgical margin in juxtaarticular osteosarco-

mas that would have been difficult to achieve without

navigation and microwave ablation. Although our results

are preliminary and based on a small number of patients

without a control group, we believe the absence of local

recurrence suggests this technique may be an appropriate

option for select patients with high-grade bone tumors.

Long-term followup in a larger series is needed to evaluate

the clinical importance of the technique.
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