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Abstract

Background Joint salvage surgery for patients with jux-

taarticular osteosarcoma remains challenging, especially

when the tumor invades the epiphysis. Because patients are

surviving longer with current chemotherapy regimens, it is

advantageous to retain native joints if possible, especially

in young patients. However, the results using joint-pre-

serving tumor resections in this context have not been well

characterized.

Questions/purposes (1) What are the functional outcomes

after limb salvage surgery at a minimum of 3 years? (2)

What are the oncologic outcomes? (3) Is joint salvage

surgery for epiphyseal tumors associated with an increased

risk of local recurrence compared with metaphyseal tumors

not invading the epiphysis? (4) What are the complications

associated with joint salvage surgery?

Methods Between 2004 and 2013, we treated 117 patients

with juxtaarticular osteosarcoma; of those, 43 (38%) were

treated with joint salvage surgery, and 41 (95%) of the 43

patients are included in our study. The other two (5%) were

lost to followup before 3 years (mean, 4.4 years; range, 3–

11 years,). During the period in question, we generally

performed joint salvage surgery in these patients when they

had a favorable response to chemotherapy, did not have a

pathologic fracture or extrusion of the tumor into the joint,

and did not have a whole-epiphyseal osteolytic lesion, a

large mass, or obvious neurovascular involvement. This

report is a followup of an earlier study; the current study

includes an additional nine patients, and additional fol-

lowup of a mean of 19 months for the patients included in

the earlier report. We ascertained overall survival and

survival free from local recurrence which was estimated

using the Kaplan-Meier method, functional status of the

limb which was evaluated using the Musculoskeletal

Tumor Society (MSTS)-93 scoring system, and recorded

reconstructive complications including infection, fracture,

skin necrosis, and nonunion. We compared oncologic and

functional outcomes between patients with (n = 28) and

without tumor extension to epiphysis (n =13). We also

compared oncologic and functional outcomes among

patients with different adjuvant treatments including

microwave ablation (n = 11), cryoablation (n = 12), and

navigation-assisted osteotomy (n = 5). Complications were

tallied using records from our institutional database.

Results The overall Kaplan-Mayer survival rate was 82%

(95% CI, 104–128 months) at 5 years. The overall Kaplan-

Meier survivorship from local recurrence was 91% at 5

years (95% CI, 115–133 months). Three patients had a

local recurrence, but none had local recurrence in or close

to the remaining epiphysis. The MSTS scores ranged from

22 to 30 points, with a median of 28. There were no dif-

ferences in survival rate, local recurrence, or MSTS scores

between patients with a tumor that did not invade the

epiphysis and those in whom the tumor did invade the
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epiphysis. There were differences in MSTS scores among

patients with epiphyseal tumor extension in which different

adjuvant techniques, including microwave ablation,

cryoablation, and navigation-assisted osteotomy, were

used. Additional surgical procedures were recorded for 10

patients (24%). Osteonecrosis of the residual epiphysis was

detected 13 patients (31%).

Conclusions Our findings suggest it is possible to salvage

joints in selected patients with juxtaarticular osteosarcoma

around the knee. The patients who have a favorable

response to chemotherapy are the best candidates for this

approach. Future studies might explore the role of adjuvant

techniques of microwave ablation and cryoablation, par-

ticularly when the tumor invades the epiphysis, and

whether resections can be facilitated with navigation.

Level of Evidence Level IV, therapeutic study.

Introduction

Osteosarcoma often appears in the metaphyseal region of

long bones, with approximately 60% of the cases occurring

around the knee [17, 18, 29, 33]. Previous studies have

shown that the prevalence of transepiphyseal spread of the

tumor in metaphyseal osteosarcomas is approximately 80%

[37, 39]. Despite controversies, some authors believe that

the end of the joint should be resected along with the tumor

when the tumor invades the epiphysis for the safety of local

tumor control [29, 32, 45]. Amputation or complete exci-

sion of the tumor along with the joint followed by

endoprosthetic reconstruction offers the best chance for

local control, but endoprostheses present subsequent

reconstructive complications. The reported survival rates of

endoprostheses range from 50% to 70% [7, 20, 34, 37, 41].

In addition, epiphyseal resection in growing children pre-

sents the unique challenge of maintaining equal limb length

throughout the child’s growth. Although expandable

endoprostheses have been developed to address limb length

discrepancy, approximately 25% to 80% of expandable

endoprostheses are revised during the first 5 years, and the

overall risk of at least one complication developing is as

much as 82% at 10 years [9, 12, 36, 38, 40].

Zimel et al. [45] reported joint-sparing intercalary

resection combined with appropriate biologic reconstruc-

tion had better durability compared with endoprosthetic

reconstruction. In addition, there have been attempts to

improve contiguous joint function by means of intercalary

resection after physeal distraction [5, 6], transepiphyseal

resection [13, 30, 32], or multiplanar osteotomy [4], pre-

serving the entire or part of the articular surface. We have

tried multiple adjuvant techniques including navigation

[25, 27], microwave ablation [23], and argon-based

ablation [24] to aid joint-sparing tumor resection, with the

goal of exploring a surgical strategy to maximize the

chance of joint preservation with full consideration of a

safe resection margin, important structures such as the

ACL and PCL, articular cartilage, and subchondral bone

reservation, and preservation of the joint. We previously

reported the preliminary outcomes of these joint salvage

procedures [23–27]; the current evaluation provides a lar-

ger patient group and a longer followup period. In this

study, we sought to ascertain whether our surgical strategy

allows native joint salvage with acceptable limb function

without compromising the oncologic outcomes. To address

this issue, we asked the following questions: (1) What are

the functional outcomes after limb salvage surgery at a

minimum of 3 years? (2) What are the oncologic out-

comes? (3) Is joint salvage surgery for epiphyseal tumors

associated with an increased risk of local recurrence

compared with metaphyseal tumors not invading the epi-

physis? (4) What are the complications associated with

joint salvage surgery?

Patients and Methods

Between January 2004 and May 2013, 117 patients with

high-grade osteosarcomas of the knee were treated at our

institution. Of those, 15 patients who had Stage III tumors,

11 with pathologic fractures, seven with tumor breach into

the joint, 12 with whole-epiphyseal osteolytic lesions, 11

with large masses and/or obvious neurovascular involve-

ment, and 18 with an unfavorable response to

chemotherapy were excluded, leaving 43 patients in the

current study. Of those, two (5%) were lost to followup

before a minimum of 3 years (mean, 4.4 years; range, 3-11

years). Favorable chemotherapeutic response consisted of

at least one of the following: good margination of the

tumor or shrinkage of the tumor observed on MRI; the

decrease of abnormal radionuclide uptake on bone scan; or

pain or mass reduction on clinical physical examination.

Eighteen patients were excluded purely on the basis of

having an unfavorable response. We offered the 43 patients

the option of an epiphyseal-sparing procedure. Approval

for the study was obtained from the institutional review

board.

Twenty male patients and 21 female patients were

included in this study. Their mean age was 13 years (range,

8–24 years). Thirty-nine patients were diagnosed with

Musculoskeletal Tumor Society (MSTS) Stage IIB

osteosarcoma and two with Stage IIA osteosarcoma after

an imaging workup followed by biopsy. The tumors were

located in the femur in 14 patients and the tibia in 27

patients. All patients received neoadjuvant chemotherapy.

The current study is a followup of earlier studies [23–27]
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and includes an additional nine patients and additional

followup of a mean of 19 months for the patients included

in the earlier studies.

Surgical Strategy

Reconstructive options after epiphyseal preserved inter-

calary resection included allograft or frozen tumor-bearing

bone in combination with or without a vascularized fibula

flap for all but five patients. An osteoarticular allograft with

a half-condyle or plateau in combination with a vascular-

ized fibula flap was used for reconstruction for these five

patients.

Oncologic Evaluation

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. Local recurrence was screened

according to symptomatology, plain radiographs, or bone

scans. Metastasis was determined by routine plain chest

radiography, CT, and bone scan.

Radiographic Analysis and Functional Evaluation

Radiographs were evaluated for bone healing and joint

degeneration. The radiographic evaluation of degenera-

tive severity was performed using the Kellgren-

Lawrence classification, which includes four grades [21].

In our study, the Kellgren-Lawrence classification was

summarized into three groups: no degeneration, mild

degeneration (Grades 1 and 2), and severe degeneration

(Grades 3 and 4). SPECT-CT was used to assess

osteonecrosis of the residual epiphysis at 3 months. The

MSTS score [10] was used to assess functional outcome.

Active ROM of the knee was measured and recorded as

the percentage of the contralateral side. All patients were

followed up by the chief surgeon (JL). Reconstructive

complications include infection, fracture, skin necrosis,

and nonunion. Complications were tallied from the

records in our institutional database.

Cotreatments

If the tumor is located within 1 to 2 cm of the growth plate,

intraoperative navigation is used to identify the tumor edge

and to optimize the likelihood that a limited wide margin

would be achieved while saving the growth plate. If the

osteoblastic tumor is located within 0 to 10 mm from the

growth plate, physeal separation by external fixator dis-

traction is used. After that, a diaphyseal osteotomy can be

performed and the tumor can be removed en bloc with a

limited wide margin.

If the tumors invade the epiphysis, a different adju-

vant technique is used. When the tumor is more than 1

cm from the articular cartilage and cruciate ligaments,

microwave ablation is used to ablate the tumor edge, and

a transepiphyseal osteotomy is performed through the

edge of the tumor to preserve more than 1 cm thickness

of the epiphysis [23]. The resection margin is necrotic

and the residual epiphysis is viable. If the distance

between the tumor edge and cruciate ligament is less

than 10 mm, three cycles of in situ argon-based

cryoablation is used to sterilize the epiphyseal tumor.

Then a transepiphyseal osteotomy is made to preserve

the necrotic epiphysis (Fig. 1). If the osteolytic tumor

occupying less than half of the plateau or condyle is at

least 1 cm from the cruciate ligaments, an irregular

osteotomy under navigation guidance allows half of the

epiphysis and its attached cruciate ligament to be saved

(Fig. 2).

Statistics Analysis

Overall survival rates were estimated using the Kaplan-

Meier method. One-way ANOVA with Bonferroni post

hoc comparison was performed unless otherwise indi-

cated. The Kruskal-Wallis test was used to determine

differences between groups for nonnormally distributed

continuous data. Post hoc comparisons for the nonnor-

mally distributed continuous data were performed using

the Mann-Whitney test. The Pearson chi-square test was

used to compare the frequency distribution of categorical

variables between groups. Post hoc comparisons for

categorical data were performed using the Pearson chi-

square test. All analyses were two-sided, and the a level

was set to 0.05. All calculations were performed using

SPSS Version 17.0 statistical software (SPSS Inc, Chi-

cago, IL, USA).

To determine whether tumor invading the epiphysis has

an influence on overall oncologic and functional outcomes,

we compared the survival rate, local recurrence, MSTS

score, and ROM of the knee between patients who had a

tumor without epiphyseal involvement (n = 13) and those

with a tumor with epiphyseal extension (n = 28). We also

compared MSTS scores, severity of the degenerative

alteration, and ROM of the knee among patients who had

epiphyseal tumor extension with cotreatment of microab-

lation (n = 11), cryoablation (n = 12), and navigation-

assisted irregular osteotomy (n = 5).
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Results

Functional Outcome

The overall MSTS scores for our study patients ranged

from 22 to 30, with a median of 28. With the numbers of

patients we had, we found no difference in the MSTS

scores between patients with and without epiphyseal

extension (p = 0.384) (Table 1). Patients without epiphy-

seal extension had greater ROM of the knee compared with

patients with epiphyseal extension (p \ 0.001) (Table 2).

Among groups with epiphyseal extension, patients with

cotreatment with cryoablation had lower MSTS scores

compared with those with microwave ablation and with

navigation-aided resection (p = 0.001; p = 0.001); with the

numbers we had we could observe no difference in MSTS

scores between patients with cotreatment with microwave

ablation and with navigation-aided resection (p = 0.094)

(Table 3). With respect to ROM of the knee, in the group

with epiphyseal extension, patients with cotreatment with

microwave ablation and cryoablation had greater ROM

compared with patients with navigation-aided resection

(p\ 0.001; p\ 0.001, respectively); by contrast, with the

numbers we had, there was no difference in ROM between

patients with cotreatment with microwave ablation and

cryoablation (p = 1.000) (Table 4).

Oncologic Outcome

The overall Kaplan-Meier survival for our study population

was 82% at 5 years (95% CI, 104–128 months). The sur-

vival rate of the reconstructed limb was 93%. At the final

followup, 31 patients continued to be disease-free, one was

alive with disease, three had no evidence of disease, and six

had died of disease with the cause of death being lung

metastasis in all. Mean time of death was 30 months after

diagnosis.

Local Recurrence

The overall Kaplan-Meier survivorship from local recur-

rence was 91% at 5 years (95% CI, 115–133 months).

Fig. 1A–G A 10-year-old boy had an osteosarcoma of the distal

femur. He underwent transepiphyseal resection of an epiphyseal

osteosarcoma after adjuvant cryoablation. (A) The radiograph shows

an osteosarcoma in the patient’s distal femur. (B) His MR image

shows the tumor invading the medial condyle of the femur.

Intraoperative photographs show (C) cryoablation of the medial

condyle, and (D) the epiphysis as preserved after transepiphyseal

osteotomy. (E) An AP radiograph shows reconstruction by liquid

nitrogen devitalized tumor-bearing autograft in combination with

vascularized fibula flap. (F) The SPECT-CT shows osteonecrosis of

the medial condyle and normal viability of the lateral condyle (right

side of the knee). (G) An AP radiograph obtained 4 years

postoperatively shows normal joint space of the knee. This patient

has a Musculoskeletal Tumor Society score of 29.
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Three patients had local recurrence. These local recur-

rences were seen at 18, 27, and 34 months after surgery,

respectively. The recurrences were located in soft tissue

and were away from the joint-side osteotomy line (7 cm, 10

cm, and 11 cm). Two of the relapsed tumors encased the

femoral vessel or posterior tibial vessel and one was around

the posterior tibial nerve. One patient with concurrent

pulmonary metastasis died of the disease 38 months after

surgery. In the two patients who underwent amputation,

one died of lung metastasis 15 months after amputation and

the other patient had no evidence of disease at the final

followup 43 months after relapse. With the numbers

available, we found no differences between patients with

tumors of the metaphysis and those with tumors involving

the epiphysis in terms of local recurrence (p = 0.950) and

survival rate (p = 0.924) (Table 5).

Complications

There were five complications, consisting of one allograft

nonunion (in a patient without epiphyseal extension), skin

necrosis (one patient with epiphyseal extension and one

patient without epiphyseal extension), and two deep

infections (one patient with epiphyseal extension and one

without epiphyseal extension). Nonunion of the host

Table 1. Comparison of Musculoskeletal Tumor Society scores in the two groups (Wilcoxon rank sum test)

Group Number of patients Shapiro-Wilk Median Interquartile range Mean rank Z p Value

Statistic p Value

Patients without epiphyseal extension 13 0.708 0.001 29 1.5 23.31 �0.871 0.384

Patients with epiphyseal extension 28 0.874 0.003 28 3 19.73

Table 2. Comparison of ROM in the two groups (independent t-test)

Group Number of patients Shapiro-Wilk Mean ROM ± SD

(% of contralateral side)

t p Value

Statistic p Value

Patients without epiphyseal extension 13 0.938 0.432 93.8 ± 4.8 4.518 \ 0.001

Patients with epiphyseal extension 28 0.957 0.298 83.4 ± 7 .6

Fig. 2A–D A 14-year-old boy had a high-grade osteosarcoma of the

proximal tibia. He underwent irregular osteotomy with aid of

intraoperative navigation and half of his medial plateau was

preserved. (A) This radiograph shows the tumor located at the lateral

portion of the proximal tibia. (B) The MR image shows the tumor

invading the lateral plateau. (C) The medial plateau and its attached

cruciate ligament, meniscus, and medial cruciate ligament were

preserved after navigation-assisted irregular tumor resection. (D) The

defect was reconstructed with an ipsilateral pedicled fibula flap and

osteoarticular allograft and the fibular defect after graft harvesting

was repaired with another allograft. Normal knee space was

maintained at 5 years followup. The patient’s Musculoskeletal Tumor

Society score is 30.
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allograft junction was found in one patient. Eventually the

allograft was removed and the defect was reconstructed

with vascularized fibula graft in combination with another

allograft. The two patients with skin necrosis were treated

with débridement and rotational full-thickness skin and

subcutaneous flap transplantation. One infection in a 12-

year-old boy persisted for 18 months until the hardware

was removed. The other infection was in an 8-year-old boy.

He had a deep infection 15 months postoperatively.

Because the infection could not be controlled, he under-

went mid-thigh amputation. Osteonecrosis of the remaining

epiphysis was seen in all 12 patients with cotreatment of

cryoablation and one patient with cotreatment of micro-

wave ablation. Kellgren-Lawrence scores from 1 to 4 were

more prevalent in patients with cotreatment with cryoab-

lation and navigation-assisted osteotomy than in those with

microwave ablation (p = 0.005) (Table 6). By the end of

followup, three patients did not reach skeletal maturity

(closed physis). Limb-length discrepancy ranging from 1 to

3.5 cm was observed in 12 patients and no patient under-

went surgical treatment for this discrepancy. Additional

surgical procedures, such as bone grafting or amputation,

were recorded for 10 patients (24%).

Discussion

Despite functionally appealing in maintaining the native

knee, the transepiphyseal intercalary resection may be

associated with a higher risk of tumor relapse. Some

authors believe one basic criterion for epiphyseal-sparing

tumor resection is that the distance between the articular

joint cartilage and the tumor as assessed by MRI should be

2 cm or more, to obtain a bone width margin at least of 1

cm [3, 32, 45]. We previously reported that cotreatments of

cryoablation, microwave ablation, and navigation-assisted

osteotomy could make entire or partial epiphyseal-sparing

resection possible even when a tumor invades the epiphysis

Table 4. Comparison of ROM in patients with epiphyseal extension

Cotreatment Number

of patients

ROM

score (%)

F Post hoc

p Value Microwave

ablation

Cryoablation Navigation-aided

resection

Microwave ablation 11 86.5 ± 5.2 20.517 \ 0.001 NA \ 0.001 1.000

Cryoablation 12 85.9 ± 5.1 NA NA \ 0.001

Navigation-aided resection 5 70.8 ± 2.8 NA NA NA

NA = not applicable.

Table 3. Comparison of MSTS scores in patients with epiphyseal extension*

Cotreatment MSTS score Z value and p value (Z value; p value)

Median Interquartile range Microwave ablation Cryoablation Navigation-aided resection

Microwave ablation 29 1 NA (�3.17; 0.001) (�1.674; 0.094)

Cryoablation 24 1 NA NA (�3.251; 0.001)

Navigation-aided resection 28 1 NA NA NA

*Kruskal-Wallis H test: chi-square = 14.336, p = 0.001; MSTS = Musculoskeletal Tumor Society; NA = not applicable.

Table 5. Comparison of local recurrence and survival*

Group Local recurrence

(number; %)

Chi- square p Value Survival rate

(number; %)

Chi- square p Value

Yes No Yes No

Patients without epiphyseal extension 1 (7.7) 12 (92.3) 0.004 0.950 11 (84.6) 2 (15.4) 0.009 0.926

Patients with epiphyseal extension 2 (7.1) 26 (92.9) 24 (85.7) 4 (14.3)

*Chi-square test.
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[23–27]. However, whether joint-sparing resection for

patients with an epiphyseal tumor compromises the onco-

logic outcomes is unknown. To our knowledge, this issue

has not been addressed in any publication. Our study

showed no difference between patients with a tumor in the

metaphysis and those with a tumor in the epiphysis with

respect to local relapse, distant metastasis, and overall

survival. A limb survival rate of 93% for our study patients

is similar to rates reported with other techniques

[15, 19, 22].

We acknowledge limitations of this retrospective study.

First, the number of patients is small as with many ortho-

paedic oncology studies. There was no control group, and it

remains to be seen whether epiphyseal-sparing intercalary

resection achieves safe local control and better functional

results compared with those of wide resection of the entire

end of the joint. However, to our knowledge, there is no

published study that specifically looked at the role of dif-

ferent cotreatments in joint salvage surgery; we report its

functional and oncologic outcomes and compare these data

with previously reported data regarding joint-sacrificing

resection. Second, we did not evaluate necrosis rate and

there was no direct histologic evidence supporting com-

plete devitalization of the tumor after adjuvant cryoablation

or microwave ablation, especially in a preserved epiphysis.

However, the absence of any local recurrence in or close to

the preserved epiphysis during the minimum 3-year fol-

lowup indicates that the surgical margin close to the

transepiphyseal resection site was adequate even after

intralesional resection after cotreatment of cryoablation or

microwave ablation. Third, the indications for different

cotreatments are based on clinical experience and are

somewhat arbitrary; however, the native joint was pre-

served with these cotreatments, otherwise it would have

been sacrificed along with the tumor. This may be an

advantage and shows the evolution in the joint salvage

surgery. Fourth, the followup is short and not all patients

reached the end of growth. This study however, focuses on

preservation of the native joint rather than saving the

growth plate. We suspect limb discrepancy or joint defor-

mation is inevitable if an open physis is ablated along with

the tumor.

With the numbers we had, we could not show a differ-

ence in MSTS scores between patients with a tumor that

did not invade the epiphysis and those in whom the tumor

did invade the epiphysis. However, we did find a difference

in ROM of the knee in patients with an epiphyseal tumor

compared with those who only had a metaphyseal tumor. It

could be assumed that resections close to a joint could

result in scarring and loss of motion. The average MSTS

score of 91% of this series was comparable or better than

scores in previous reports of prosthetic reconstruction after

resections of the entire end of the joint [7, 20, 34, 41].

The overall 5-year survival rate of patients in this study

was 82%, which was comparable to or better than rates in

other studies [1, 45]. This is likely because patients in our

series have favorable characteristics such as a good

response to chemotherapy and lack of a massive soft tissue

mass. Based on this, we believe joint salvage surgery did

not appear to increase adverse oncologic outcomes in this

selected patient population.

In previous studies of the epiphyseal-sparing procedure,

in which a wide surgical margin was achieved, the local

recurrence rates ranged from 7.7% to 18% [3, 32, 45].

Three of our patients (7%) experienced local recurrence,

which was comparable to a mean local recurrence of 6.9%

(range, 0%–18%) reported in series of limb salvage pro-

cedures [13, 19, 22, 30, 45]. The three recurrences were

located away from the joint-end osteotomy site; two of the

relapsed tumors encased a major vessel (femoral vessels

and posterior tibia vessels), and one is near the posterior

tibial nerve. This leads us to suspect that the local recur-

rences in our patients were attributable to an inadequate

resection margin around the major neurovascular bundle

rather than from a transepiphyseal intraosseous margin, but

there is no way to be sure of that and that the closer bony

margins did not contribute to the local recurrences in some

way. Therefore, we caution others to be vigilant in

selecting patients for these types of resections. Although

intercalary resection through the epiphysiometaphyseal

area has been attempted, there is no consensus regarding

what constitutes a safe margin for local tumor control [2].

In our study, limited wide and necrotic margins at the

transepiphyseal osteotomy were identified and no patient

Table 6. Comparison of degenerative alterations in patients with epiphyseal extension

Cotreatment Number

of patients

Degenerative degree Degenerative

rate %

Mean

rank

Chi-square p Value

� + (Kellgren-

Lawrence Grades1/2)

++ (Kellgren-

Lawrence Grades 3/4)

Microwave ablation 11 8 3 0 27% 7.73 25.990 0.001

Cryoablation 12 1 6 5 92% 18.12

Navigation-aided resection 5 0 2 3 100% 20.70
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had local recurrence in or close to the preserved epiphysis.

Meanwhile, with the numbers available, we did not find a

difference in local recurrence between patients with tumors

of the metaphysis and those involving the epiphysis.

Aponte-Tinao et al. [3] reported that a minimum negative

margin of 10 mm in bone did not lead to tumor relapse in

the remaining epiphysis. Hayashi et al. [14] suggested a

marginal margin associated with caffeine-potentiated

chemotherapy did not give rise to an increased risk of local

recurrence. With more accuracy of MRI in delineating

tumors [16], closer margins are being used allowing more

joint- or physeal-sparing tumor resections [8]. CT or MRI-

based navigation enables the surgeon to identify the tumor

edge and perform a precise osteotomy with narrower

healthy bone surrounding the tumor, maximizing the tissue

preservation [26, 44]. Technically, a ‘‘limited wide’’ mar-

gin was achieved when we used navigation-assisted

osteotomy. For patients with a tumor invading less than

half of the epiphysis, a precise irregular osteotomy, with

the aid of navigation, makes half-joint structure preserva-

tion possible; otherwise, it would be resected along with

the tumor. When the tumor transgresses the physes with no

hope of growth-plate preservation, the surgical goal should

be retaining as much epiphysis as possible. Microwave and

argon-based ablations are tools that have been widely used

for primary and metastatic malignancy [11, 31, 43]. Both

methods could devitalize a tumor in situ through an

antenna. When compared with cryoablation that provides

an extensive obscure ablation area [35], microwave abla-

tion tends to produce a more-limited ablation zone as small

as 1 cm in diameter [28]. Therefore, if the distance between

the tumor and the articular cartilage is more than 1 cm, we

prefer using microwave to ablate the tumor edge. After

that, the designed osteotomy goes through the necrotic

area, which not only appears to provide a safe margin, but

preserves as much viable epiphysis as possible. This might

explain the majority of the residual epiphyses that were

viable after microwave ablation.

We noted several complications in our patients that also

have been reported by others. There is a paucity of research

regarding the approach of retaining the native joint when a

tumor is very close to the joint surface. In an attempt to

preserve the intact knee in this tough situation, Tsuchiya

et al. [42] described a technique, which includes making a

one-end osteotomy and rotating the tumor-bearing bone

along with its attached end of the joint in liquid nitrogen to

sterilize tumor-bearing bone. Different from a pedicle

technique, we used argon-based cryoablation producing a

necrotic epiphysis before transepiphyseal resection. It

enabled us to not only sterilize the tumor in the epiphysis

without side effects like devitalization of the other end of

the joint, but also to keep the knee intact. Despite its merit,

osteonecrosis occurred at variable degrees in all residual

epiphyses after cryosurgery. Fortunately, the patients had

reasonable clinical outcomes. It suggests that osteonecrosis

may be better tolerated by the young population. Degen-

erative changes are more evident in patients who

underwent cryoablation and half condyle-plateau resection

procedures as opposed to those with microwave ablation.

We surmised that osteonecrosis and subsequent microcol-

lapse and joint instability may cause joint degeneration.

Despite that degenerative alteration is asymptomatic and

did not jeopardize functional outcomes at recent followup,

we suspect it may become severe in some patients, and

revision surgery is inevitable at long-term followup. The

infection rate of 5% was comparable or better than reported

rates of 6% and 22% [3, 45]. The nonunion rate of 2% was

lower than a previously reported rate of 9% [3]; we surmise

that use of vascularized fibula for reconstruction decreased

the risk of the nonunion.

This joint-preserving surgical strategy might allow

retention of the epiphysis and limits the reconstruction to

the intercalary segment. Although we did not have a

comparison group, this approach seems to offer a risk of

local recurrence and complication rate comparable to rates

reported for other types of resection [7, 20, 29, 34, 41], and

we found comparable functional results [3, 17, 32]. We

believe the potential advantage of this approach is that it

saves native articular surfaces and joints, which may

increase the longevity of these reconstructions. Future

studies might explore the role of adjuvant techniques of

microwave ablation and cryoablation, particularly when a

tumor invades the epiphysis, and whether resections can be

facilitated with navigation.
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