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Histological and radiological analysis of autoclaved bone 2 years
after extirpation

Norio Yamamoto
1, Hiroyuki Tsuchiya

1, Takayuki Nojima
2, Hisashi Sumiya

3, and Katsuro Tomita
1

1 Department of Orthopaedic Surgery, Graduate School of Medicine, Kanazawa University, 13-1 Takaramachi, Kanazawa 920-8641, Japan
2 Department of Pathology, Kanazawa Medical University Hospital, Kahoku-gun, Ishikawa, Japan
3 Department of Nuclear Medicine, Graduate School of Medicine, Kanazawa University, Kanazawa, Japan

Case report

A 16-year-old boy suffered from osteosarcoma (osteo-
blastic type) in the distal left femur (Fig. 1a). We used
five courses of intraarterial neoadjuvant chemotherapy
combined with cisplatin (120 mg/m2), adriamycin
(30mg/m2 � 2), and caffeine (1500 mg/m2 � 3).20 The
patient underwent wide excision (Fig. 2) and recon-
struction with an autoclaved autograft (length 240mm;
diaphyseal width 26mm; condylar width 85 mm) com-
bined with an intramedullary nail, plates, and screws
during the first operation (Fig. 1b). The bone graft was
returned to its original location after autoclaving at
135°C for 10min.2 Intravenous adjuvant chemotherapy
was given using the same protocol for five courses.
Twenty-four months later the patient had to undergo
left hip disarticulation because of tumor recurrence in
the soft tissue.

Results

Radiological findings

Radiographs showed bone fusion at the distal junction,
but the proximal junction was in a condition of non-
union (Fig. 1c,d). The bone scintigram obtained 2
months after the operation revealed uptake around the
autoclaved bone circumference and successive impro-
vement, although uptake was not observed at the inside
of the autoclaved bone even 24 months after surgery
(Fig. 3).

Histological findings

We evaluated whole sections of the extirpated grafted
bone in this case (Fig. 4a). There seemed to be sufficient
osteogenesis at the junction of the grafted bone and the
distal femoral fragment (Fig. 4b,c). Although nonunion

Abstract We examined grafted distal femoral autoclaved
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The patient was a 16-year-old boy with osteoblastic-type
osteosarcoma in the distal part of the left femur. The patient
received pre- and postoperative chemotherapy and underwent
limb reconstruction surgery using an autoclaved autograft. He
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distal junction and surrounding the autoclaved autograft,
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Drilling into the autoclaved autograft appeared to promote
little bone regeneration inside the autoclaved autograft. A
bone scintigram showed newly formed bone around the
autoclaved autograft, but the scan tended to exaggerate such
bone formation beyond that actually confirmed by histological
examination. We should be careful when applying autoclaved
bone for weight-bearing parts.
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Introduction

In Asian countries the autoclaved autograft is still one
of the options for reconstructing defects resulting from
surgery for bone tumor. However, few articles refer to
the comparatively early stages of bone formation in the
autoclaved autograft in humans based on radiological
and histological findings. We report here our experience
with one patient whose autoclaved autograft was ex-
amined both radiologically and histologically 2 years
after surgery.
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was observed at the proximal junction, a bone bridge
from the proximal femoral bone had been formed, and
synovium-like tissue was observed at the site of
nonunion (Fig. 4d). In the remaining portions, only a
thin layer (about 1–2mm thickness) of newly formed
bone was observed around the external surface (Fig.
4e,f). The walls of the small holes created by a Kirshner
wire were minimally covered by a thin layer of new
bone only around their orifices (Fig. 4g). Most of the
autoclaved bone had not been substituted.

Discussion

Because of recent improvements in multimodal thera-
pies for malignant bone and soft tissue tumors, limb

salvage surgery is performed in many cases. Although
various methods, such as tumor prostheses,12 allografts,4

and autografts, are used for limb reconstructions, none
leads to permanent reconstruction. Even for tumor pro-
stheses, Kawai et al.9 reported a 10-year survival ratio of
about 50%. Allografts are often used for reconstruction
in Western countries, but in Japan it is difficult to obtain
patient consent for allografts. To overcome this pro-
blem, many methods such as autoclaving,1,3,5,7,8,11,14,17–19,22

irradiation,24 and pasteurization6,16 have been applied
to the resected bones so they can be used for recon-
struction. Clinical application of autoclaved bone was
initially reported by Thompson and Steggal19 in 1956.
Since then, clinical findings of various cases have been
reported,1,3,5,7,8,11,14,17,18,22 but reports of the histological
examination of the autoclaved bone in clinical material
have been sparse.5,8,11,22 In cases of autoclaved bone, the
bone induction potency is lost owing to denaturation of
the protein by heat treatment.21 Only bone conduction
potency and structural support functions remain.23

Furthermore, the dynamic strength of the bone is
weakened after autoclaving.10 Despite such disadvant-
ages, autoclave treatment is still one of the options for
limb reconstruction because of its easy management.

In the present case, we were able to evaluate the
whole of the autoclaved bone histologically and radiolo-
gically because recurrence was confined to soft tissue; it
was not seen in the grafted bone. Based on radiographic
results (Fig. 1) and histological findings (Fig. 4b,c),
we concluded that comparatively rich osteogenesis
and bone fusion occurred at the distal junction of the
transplanted bone and the distal femoral fragment. In
contrast, the proximal junction was in a condition
of nonunion. Histologically, synovium-like tissue was
observed as a result of nonunion (Fig. 4d). This is
because initially diaphysis has disadvantages for callus
formation; the fixation technique might also be insuf-
ficient. Ortiz-Cruz et al.13 reported that even in the case
of allografts there was a high incidence of nonunion. We
determined that nonunion is not a problem with the

Fig. 1. Anteroposterior radiogra-
phic features of the left femur
before and after surgery. a Before
surgery. b Immediately after initial
surgery. c Two months after sur-
gery. d Two years after surgery.
Wide excision and reconstruction
with an autoclaved autograft was
performed during the initial sur-
gery. At the distal site satisfactory
bone formation and fusion was
observed on the radiograph,
whereas at the proximal site bone
fusion was poor and nonunion
finally developeda,b c,d

Fig. 2. Anteroposterior radiographic features of the resected
specimen. Wide excision was performed after neoadjuvant
chemotherapy. The autoclave process was carried out at
135°C for 10 min



18 N. Yamamoto et al.: Analysis of autoclaved bone

autoclaved bone but a problem with any transplanted
dead bone.

The outer surface of the autoclaved bone was
surrounded by only a thin layer of newly formed bone
(1–2 mm thick) (Fig. 4e,f). This newly formed layer was
obviously thinner than that of the distal junction, which
may reflect differences in remodeling processes of the

grafted bulky bone that is adjacent to the host bone or
to soft tissue. However, a tiny, newly formed bone layer
was observed inside the small holes made for the pur-
pose of introducing progenitor cells inside the grafted
bone (Fig. 4g). These small holes seemed to be less
effective for advancing bone remodeling inside the
grafted bone. Most of the autoclaved bone has re-

Fig. 3. Bone scintigram of the left femur after
surgery. a Two months after initial surgery. b Three
months after surgery. c Six months after surgery. d
One year after surgery. e Two years after surgery.
Radioactivity accumulation was observed at the
proximal and distal sites of the junction on the initial
scan. At 6 months after operation, accumulation was
observed surrounding the autoclaved bone. As time
passed, accumulation gradually subsideda,b,c d,e

Fig. 4. Histological findings of autoclaved bone. a Whole
sections of the autoclaved bone. b,c At the site of the distal
junction with the remaining bone, the volume of newly formed
bone entering the autoclaved bone was greater than that of
the newly formed bone (arrows) surrounding the autoclaved
autograft. d At the site of the proximal junction where
nonunion could be seen on radiographs, synovium-like tissue
(arrows) had developed, and no bone fusion was achieved.

e,f A layer of newly formed bone (arrows) was observed
surrounding the autoclaved autograft, but it was extremely
thin. g At points where soft tissue had entered from a small
hole made with a 2-mm Kirshner wire, bone regeneration
occurred even inside the autoclaved autograft (arrows
indicate newly formed bone). However, inner bone of the
autoclaved autograft at the other sites remained without
replacement. a–g H&E; b,f,g �400; c,d �200; e �100
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mained without replacement 24 months after implan-
tation. We determined that this newly formed bone was
not useful for improving dynamic strength because of
the lack of recovery from the grafted autoclaved bone.
In the case of allografts, San-Julian and Canadell15

noted that drilling holes for fixation increased the possi-
bility of fractures in the transplanted bone. Therefore,
we must be careful not to damage the autoclaved bone
and not to decrease its strength by ill-advised drilling.
This is because the strength of the reconstructed bone is
almost entirely due to the residual strength of the
autoclaved bone and not to newly formed bone.

Bone scintigraphy 2 months after the primary
operation showed that there was already uptake around
the autoclaved bone and that the uptake improved.
However, even 24 months after surgery uptake was
observed only around the circumference of the
autoclaved bone, and there was no uptake inside the
bone (Fig. 3). In the case of allografts, Bar-sever et al.2

reported that uptake was observed only around the
circumference of the transplanted bones in most cases
(mean follow-up period 1.9 years). This seems to
indicate that allograft bone remains without replace-
ment, as is the case for autoclaved bone. Furthermore,
bone scintigraphy showed newly formed bone, but the
scan tended to exaggerate bone formation — beyond
what was confirmed by histological examination. We
should therefore take care when evaluating bone
scintigrams of autografts.

Of course we investigated only one case in this report,
and we cannot ignore the influence of the size of the
graft, the chemotherapy, and the condition of the soft
tissue coverage of this case. However, most patients
who undergo reconstruction with an allograft or auto-
graft are treated with chemotherapy and soft tissue
resection at the time of surgery. From this point of view,
it seems that substitution of the grafted bone was
minimal, and the bone remained without replacement,
even several years after the operation (as in our case).
We must take into consideration the location of
autoclaved bone application, especially when it is a
weight-bearing part.

We do not have a permanent reconstruction method;
and even using a tumor prosthesis, reoperation is re-
quired. If autoclaved bone can be regarded as per-
forming the role of temporary structural support, the
autoclave technique is one option for reconstruction
because of its advantages of easy management and
reducing medical expenses.
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