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A B S T R A C T

There are several options for biological reconstruction after bone tumor resection. If the tumor invades an
epiphysis, the reconstruction is far more complicated because there is no option to restore large joint cartilage
using currently available medical techniques. Frozen autograft with liquid nitrogen has been used as recycled
autologous bone graft and the purpose of the present study was to assess the outcome of grafted cartilage in
osteoarticular frozen autografts used in the treatment of patients with bone and soft-tissue sarcoma. We have
treated 27 patients with cases of bone tumor resection involving an epiphysis where frozen autografts were used
for reconstruction. If the tumor was located in a limited part of the epiphysis, partial resection of the epiphysis
was performed to preserve the healthy part of the cartilage in 4 cases. The survival of grafted frozen cartilage
was assessed by X-ray imaging. The end point was defined as grade IV of the Kellgren and Lawrence osteoar-
thritis grading system and was recorded using the Kaplan–Meier method. In case of removal of grafted bone after
the surgery, pathological findings were assessed by hematoxylin and eosin staining of sections of resected car-
tilage in available cases to observe the fate of grafted cartilage over time. The postoperative mean follow-up
period was 94.0 months. Grade IV osteoarthritis occurred in 12 patients. All patients in the partial epiphyseal
freezing group survived compared with only 1 patient in the total epiphyseal freezing group who had survived to
the final follow up (p < 0.01). Resected specimens with grafted cartilage were examined histologically. A
sample excised after 14 months had dead cartilage with empty lacunae and the surface of the cartilage had
reactive fibrous tissue. Grafted cartilage of frozen osteoarticular autografts was worn out over time. However,
intraepiphyseal resection preserving partial healthy cartilage resulted in excellent survival. This technique re-
quires careful planning of the surgery but might be an alternative to megaprosthesis.

1. Introduction

There are several options for reconstruction after bone tumor re-
section, including an endoprosthesis, allogenic bone graft, recycling
autologous bone graft, vascularized bone graft, and distraction osteo-
genesis. The ideal reconstruction should have life-long durability, non-
limited activity, resistance to infection, reasonable cost, and relatively
undemanding surgery. When the tumor is located in a diaphysis, re-
construction is relatively simple because only bone reconstruction is
required. However, if the tumor invades an epiphysis, the reconstruc-
tion is far more complicated because there is no option to restore large

joint cartilage using currently available medical techniques. Use of an
endoprosthesis is a common procedure for joint reconstruction, but it is
not an ultimate goal because a prosthesis is not a permanent, durable
reconstruction and its function is not perfectly comparable to that of a
normal limb [1]. Biological reconstruction could offer a superior clin-
ical outcome; for instance, distraction osteogenesis can regenerate
normal bone structure [2], but it can regenerate only bone and not
cartilage. In some institutions, osteoarticular allograft or recycled os-
teoarticular autograft is used for epiphysial reconstruction instead of an
endoprosthesis. Because the grafted cartilage is dead in such cases,
there is great interest in the fate of the grafted cartilage. Jamshidi
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reported that the 10-year survival rate of an osteoarticular allograft in
pediatric patients was 62.2% [3]. Ultimately, the cartilage will be lost
after grafting.

Frozen autograft with liquid nitrogen has been used as recycled
autologous bone graft for reconstruction after bone tumor surgery [4].
The development of this method was based on studies in vitro and in vivo
of the hypothermic effects of liquid nitrogen on the proliferation of
osteosarcoma cells. Freezing devitalises tumor cells by inducing ice
crystal formation and cell dehydration. There are several advantages of
frozen autografts such as the short time to bony union after using frozen
tissue autografting compared with that for autoclaved autografts [5].
Takata reported that the activity of bone morphogenetic proteins was
preserved in frozen autografts treated with liquid nitrogen compared
with those treated with heat [6]. There are also reports that antitumor
immunity could be enhanced by cryotreatment [7].

A surgical technique that involves partial excision of the bone-
containing tumor, followed by rotation of the limb to facilitate its im-
mersion in liquid nitrogen, to create a frozen autograft has been de-
veloped. Nitrogen in this form is readily available and with this tech-
nique early post-operative functional recovery using fewer osteotomy
sites, and a lower rate of complication related to the graft have been
achieved [8].

The clinical outcome of frozen autografts has been reported, and
frozen autografts achieved a composite graft leading to a stable result
compared with an osteoarticular graft for reconstruction of an epiphysis
[9,10]. However, there are still good cases of osteoarticular grafts
where the grafted cartilage survived for a relatively long period with
good function. The surgical techniques for tumor surgery are still being
developed; for instance, hemi-cortical excision is applied in selected
cases because of the assessment of efficacy of preoperative che-
motherapy for malignant bone tumor has been established [11,12]. To
our knowledge, there are no reports of the fate of grafted non-vital
cartilage in recycling autografts. We had several cases in which we were
able to evaluate the grafted cartilage by histology after resection.

The purpose of the present study was to assess the outcome of
grafted cartilage in osteoarticular autografts treated by liquid nitrogen
used in the treatment of patients with bone and soft-tissue tumor.

2. Patients and methods

2.1. Patients

We have treated 71 patients with cases of bone tumor resection
involving an epiphysis where frozen autografts were used for re-
construction. The operations were performed between 1999 and 2016
(Table 1). To replace the cartilage, 27 cases were reconstructed as os-
teoarticular autografts after freezing tumor-bearing bone and 44 cases
were reconstructed using a composite graft of frozen bone and a pros-
thesis. The first case of reconstruction with a composite graft was
performed in 2003 and the procedure gradually replaced that for os-
teoarticular grafts (Supplementary fig).

In the present study, 27 cases in which grafted frozen cartilage was
used were examined including those in 19 men and 8 women, with a
mean age of 31.6 years (range 12–72 years). The diagnoses were 17
osteosarcomas, 3 chondrosarcomas, 3 metastatic tumors, 2 Ewing’s
sarcomas, and 2 undifferentiated pleomorphic sarcomas. Tumours were
located in the pelvis including acetabulum in 10, distal femur in 7,
proximal tibia in 6, proximal humerus in 2, proximal femur in 1, and
knee joint in 1. This study was approved by the Institutional Review
Board of our hospital. All procedures were performed as part of stan-
dard medical care. Because this study was retrospective design and the
researchers anonymized all of the data, the need for informed consent
was waived by the Institutional Review Board.

2.2. Surgery

The surgical procedure has been described in detail previously [5].
In brief, after the excision of the bone tumor, the tumor-bearing bone
was frozen in liquid nitrogen for 20 min, then thawed at room tem-
perature in distilled water for 15 min. The frozen autograft including
cartilage was used for the reconstruction. If the tumor was located in a
limited part of the epiphysis, partial resection of the epiphysis was
performed to preserve the healthy part of the cartilage in 4 cases.

Immediately after the surgery, patients were allowed range of
movement exercise. Partial weight-bearing was allowed 2 months after
surgery, and weight protection was continued until sufficient callus
formation at the host–graft junction occurred.

2.3. Statistical analysis

The survival of grafted frozen cartilage was assessed by X-ray ima-
ging and the end point is defined as grade IV of the Kellgren and
Lawrence osteoarthritis grading system. Survival of grafted cartilage
was recorded using the Kaplan–Meier method and a log-rank test was
used to determine significant differences between the group with par-
tial epiphyseal freezing and the group with total epiphyseal freezing.
All statistical analyses were performed with EZR software (Saitama
Medical Center, Jichi Medical University, Saitama, Japan), which is a
graphical user interface for R (The R Foundation for Statistical
Computing, Vienna, Austria) [13]. Patients who had died, who had
deep infection, or who were lost to follow-up were censored for sur-
vival.

2.4. Histology

In case of removal of grafted bone after the surgery, pathological
findings were assessed by hematoxylin and eosin staining of sections of
resected cartilage in available cases to observe the fate of grafted car-
tilage over time.

The study received ethical approval from the institutional review
boards of our universities.

3. Results

The postoperative mean follow-up period was 94.0 months (range
6–217 months). Grade IV osteoarthritis occurred in 12 patients, 5 pa-
tients maintained, 6 patients became infected, 3 patients died of dis-
ease, and 1 patient was lost to follow-up. We resected 2 cases of acet-
abular tumors throughout the cartilage using a navigation system and
in 2 cases of tumors in a distal femur we resected only a medial or
lateral condyle preserving the other condyle. All patients in the partial
epiphyseal freezing group survived compared with only 1 patient in the
total epiphyseal freezing group who had survived to the final follow up
(p = 0.00663, Fig. 1).

Resected specimens with grafted cartilage were examined histolo-
gically. A sample excised after 6 months showed dead cartilage with
empty lacunae and the cartilage had surface fibrillation. A sample ex-
cised after 14 months had dead cartilage with empty lacunae and the
surface of the cartilage had reactive fibrous tissue (Figs. 2 and 3). Re-
presentative cases of cartilage survival or lost are shown in Figs. 4–6.

4. Discussion

Grafted cartilage of frozen tumor-bearing bone was worn out over
time. Frozen autografts and prosthetic composite grafts are considered
as more durable reconstruction, however, hemicondylar resection or
inter-cartilaginous resection preserving partial healthy cartilage re-
sulted in excellent survival in this study. The technique is demanding
and requires careful planning of the surgery. For example, hemi-
condylar resection and reconstruction require careful indication
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considering the anatomical arrangement of the weight axis. The re-
construction should recover original anatomy even though the os-
teotomy usually causes the loss of a few mm of bone that tends to
produce small location differences for the replaced recycled bone.
Pelvic osteotomy requires detailed anatomical examinations, otherwise
the surgical margin easily becomes positive. In the partial epiphyseal

freezing group, we achieved a negative tumor margin, no recurrence,
and good survival of the grafted cartilage.

Histology of grafted cartilage showed dead cartilage at 6 and
14 months after frozen autografts. There was some additional fibrous
tissue on the surface of the cartilage at 14 months in at least one patient
that may have protected the dead cartilage, at least in part.

Table 1
Characteristics of 27 patients who underwent osteoarticular grafting after freezing of tumor-bearing bone.

No. Age Gender Diagnosis Location Freezing
procedure

Fixation device Total or partial
joint freezing

Period after
freezing (months)

Outcome of
grafted cartilage

Resection
(months)

1 13 F Osteosarcoma Distal Femur Free Nail Total 16 Collapse 75
2 35 F Osteosarcoma Proximal

Humerus
Free Nail Total 12 Infection 12

3 14 M Osteosarcoma Proximal Tibia Free Nail Total 9 Lost follow-up
4 18 M Osteosarcoma Proximal

Humerus
Free Nail Total 14 Collapse 14

5 34 M UPS Distal Femur Pedicle Nail Total 14 Collapse 14
6 56 M Chondrosarcoma Acetabular Free Plate Total 18 Infection 18
7 39 M UPS Knee joint Free Nail Total 6 Infection 6
8 63 F Chondrosarcoma Acetabular Free Plate Total 13 Infection 31
9 50 F Metastasis Acetabular Free Plate Total 19 Collapse 19
10 72 M Osteosarcoma Acetabular Free Plate Total 18 Collapse 20
11 52 M Metastasis Acetabular Free Plate Total 66 Survive
12 42 M Osteosarcoma Acetabular Free Plate Total 10 DOD
13 41 M Osteosarcoma Acetabular Free Plate Total 23 Collapse
14 28 F Osteosarcoma Distal Femur Pedicle Nail Total 12 DOD
15 28 M Osteosarcoma Proximal Tibia Pedicle Nail Total 20 Collapse 24
16 51 M Osteosarcoma Distal Femur Pedicle Nail Total 7 Infection 7
17 14 M Osteosarcoma Proximal Tibia Pedicle Nail Total 10 Collapse
18 20 M Osteosarcoma Proximal Tibia Pedicle Nail Total 7 Collapse 7
19 18 M Osteosarcoma Distal Femur Pedicle Nail + Plate Total 18 Collapse
20 28 M Ewing's sarcoma Proximal

Femur
Pedicle Nail + Plate Total 6 DOD

21 14 M Osteosarcoma Distal Femur Free Nail + Plate Total 17 Collapse 19
22 14 M Osteosarcoma Proximal Tibia Pedicle Plate Total 8 Collapse 16
23 25 M Metastasis Acetabular Free Plate Total 5 Infection 5
24 13 F Osteosarcoma Proximal Tibia Free Plate Partial 64 Survive
25 19 M Osteosarcoma Distal Femur Free Plate Partial 56 Survive
26 71 F Chondrosarcoma Acetabular Free Plate Partial 34 Survive
27 12 F Ewing's sarcoma Acetabular Free Plate Partial 24 Survive
Average 32.7 19.5 19.1

M: male, F: female, DOD: died of disease.

Fig. 1. Survival of grafted cartilage. The survival of grafted cartilage was assessed by X-ray imaging and the end point is defined as grade IV of the Kellgren and
Lawrence osteoarthritis grading system. Survival of autografts was recorded using the Kaplan–Meier method and a log-rank test was used to determine significant
difference between groups of patients with partial epiphyseal freezing and total epiphyseal freezing respectively. Patients who had died, who had deep infection, or
who were lost to follow-up were censored for survival. a) 5-year survival rate of grafted frozen cartilage was 33%. b) All patients in the group with partial epiphyseal
freezing had survived at the final follow-up compared with only 1 patient who survived in the group with total epiphyseal freezing (p = 0.00663).
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Nevertheless, it cannot be expected that the cartilage will be re-
generated. Preventing cryoinjury is a field of intensive research, espe-
cially for cryopreservation of organs. Vitrification using ethylene glycol
and sucrose can be used in the freezing procedure to protect cartilage
and this has been confirmed in vitro and in vivo [14,15]. However,
protecting cartilage means protecting tumor cells in the epiphysis and it
cannot be denied that vitrification increases the local recurrence rate.

There are only a few reports of clinical results of recycled os-
teoarticular autografts using methods such as irradiation and pasteur-
ization. Koyanagi reported that 3 of 6 osteoarticular grafts after pas-
teurization failed because of late-onset absorption or infection with an
average follow-up period of 165 months [16]. Poffyn reported that
progressive joint narrowing occurred in all 26 osteoarticular re-
constructions after irradiation with a mean follow-up of 135 months.
The ISOLS radiological graft evaluation score was an average of 70.7%
[17].

The use of allografts is more common clinically than the use of re-
cycled autografts. Bus reviewed 514 cases of osteoarticular allografts
and reported overall rates of failure of 27%. They concluded that os-
teoarticular allograft reconstructions are associated with high rates of
mechanical complications and did not justify routine employment of
osteoarticular allografts for reconstruction of large joints after tumor
resection [18]. Partial joint resection was reported by Muscolo for 38
patients who underwent unicondylar osteoarticular allografts that re-
sulted in survival of 85% at 10 years [19]. Our findings are consistent
with this report in that partial joint freezing produces promising results
for osteoarticular recycling autografts. The reasons include the fol-
lowing. First, the smaller area of dead cartilage leads to better long-
term survival. However, this is not sufficient to explain the good clinical
outcome. Second, the joint stability could be preserved by intact liga-
ments and anatomical restoration. Instability is one of the major causes
of collapse or common osteoarthritis. Reducing sacrifice of soft tissue

might be as important as bony reconstruction. Third, as for the knee
joint, the mechanical axis also plays an important role to preserve a
single condyle. If the mechanical axis is on the spared condyle, it is a
better surgical indication, because weight bearing on the grafted con-
dyle can be avoided. In all our cases of unicondylar resection, the
mechanical axis was on the preserved condyle.

The orientation of the tumor and precise osteotomy are quite im-
portant in partial joint resection for acetabular resection. We apply a
navigation station and registration points registered within an error
of< 1 mm with 3D imaging. Once we determine the osteotomy site,
bones were cut using a chisel linked to navigation, a bone saw, and a
thread-wire saw. Although determining navigation settings requires
30–60 min, doubts about determining osteotomy sites are dramatically
reduced [20].

If there is a large osteolytic lesion, or the patient requires early
rehabilitation because of advanced age or advanced stage of malig-
nancy, in our institution we consider a megaprosthesis is a better sur-
gical indication for epiphyseal tumor. If the tumor location is limited in
the epiphysis, partial joint resection and osteoarticular frozen autograft
can be applied. Other tumors in an epiphysis should be reconstructed
using a frozen autograft and prosthesis composite.

5. Conclusion

Grafted cartilage of frozen osteoarticular autografts was worn out
over time. Hemicondylar resection or intraepiphyseal resection pre-
serving partial healthy cartilage resulted in excellent survival. This
technique is somewhat demanding and requires careful planning of the
surgery but might be a reliable alternative to megaprosthesis.

Fig. 2. Case 7. The entire knee joint was resected
and reconstructed with a frozen autograft. Because
of infection, the grafted bone was excised 6 months
later. The resected specimen with grafted cartilage
was examined histologically. Hematoxylin and
eosin staining showing dead cartilage with empty
lacunae and the cartilage had surface fibrillation
(arrow).

Fig. 3. Case 5. Grafted frozen autograft of the distal femur was excised after 14 months because of collapse of the medial condyle. Histology showing dead cartilage
with empty lacunae and the surface of the cartilage had reactive fibrous tissue (arrow).
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Fig. 4. Preservation of cartilage after partial resection of an epiphysis (case 25). a) A case of osteosarcoma of femoral lateral condyle with sufficient efficacy of
preoperative chemotherapy. Only the lateral condyle was resected (b) and the medial condyle was preserved (c). d) The tumor-bearing bone was frozen in liquid
nitrogen and reconstructed with plate. e) The joint is well preserved 56 months after the surgery.

Fig. 5. Preservation of cartilage after total resection of an epiphysis (case 11). a) A patient with metastatic tumor of the pelvis involving the acetabulum from a renal
cell carcinoma. The entire acetabulum was resected and recycled after freezing. b) The osteolytic medial part filled with bone cement. c) There is no joint space
narrowing 66 months after surgery.
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