
Abstract. Background/Aim: We analyzed the process of
healing at osteotomy sites and timing of achievement of full
weight-bearing in sarcoma patients who underwent
hemicortical or intercalary reconstruction using the
extracorporeal irradiated autologous bone graft technique.
Patients and Methods: We studied 10 patients who had
undergone tumor resection and reconstruction with
hemicortical extracorporeal irradiated autologous bone graft
at mid-shaft femur or tibia. The control group consisted of
30 patients who received the reconstruction using intercalary
bone graft. Results: Full weight-bearing was achieved in all
10 patients at a median time of 4.8 months. Function was
excellent in all patients. When comparing the clinical
outcome among the patients who received intercalary and
hemicortical grafts, the duration to full weight-bearing
achievement in patients who received hemicortical graft was
shorter than that in those with intercalary graft. Conclusion:
Early full weight-bearing may be achieved in patients
undergoing hemicortical resection and reconstruction using
extracorporeal irradiated autologous bone graft. 

Intraoperative extracorporeal irradiation and re-implantation
for bone sarcomas was first described by Spira and Lubin in
1968 (1). This technique enables biological reconstruction
with a precise fit, helps restore function, and prevents long-

term complications of endoprosthetic replacement, such as
loosening and breakage (2-4). However, non-union in
intercalary reconstructions using extracorporeal irradiated
autologous bone grafts with vascularized fibular grafts has
been reported to occur in 7-31% of all patients (5-7). In
contrast, hemicortical resection and reconstruction using
allograft or autograft for selected bone and soft tissue
malignant tumors yield excellent oncologic and functional
outcomes (8-11). Hemicortical resection may be also
indicated for a soft tissue sarcoma (STS) attached to the
surface of the bone. We applied hemicortical resection and
reconstruction using extracorporeal irradiated autologous
bone graft after tumor resection for selected patients with
bone and soft tissue sarcoma. Surprisingly, only a few cases
have been reported on hemicortical resection and
reconstruction using extracorporeal irradiated autologous
bone graft (11, 12). In the present study, we described
clinical results obtained using this procedure. Furthermore,
we hypothesized that the healing process at osteotomy sites
and the duration to full weight-bearing from surgery in
patients who underwent hemicortical reconstruction may be
shorter than that in those with intercalary reconstruction,
because of the need for a wider area for attachment of
extracorporeal irradiated autologous bone when performing
hemicortical reconstruction. Therefore, we compared the
process of healing at osteotomy sites and timing of
achievement of full weight-bearing between patients who
underwent hemicortical reconstruction and those who
underwent intercalary reconstruction using extracorporeal
irradiated autologous bone graft technique.

Materials and Methods

We studied 10 consecutive patients who had undergone limb-sparing
tumor resection and reconstruction with hemicortical extracorporeal
irradiated autologous bone graft for a bone sarcoma and STS of the
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mid-shaft femur or tibia at Mie University Hospital between 2009
and 2016 (Table I). Histological diagnosis was obtained for all
patients. One patient had periosteal osteosarcoma and nine had STS.
Three patients received combined neo-adjuvant and adjuvant
chemotherapy, and another patient received adjuvant chemotherapy
alone. Clinical and radiological records of the patients were
reviewed retrospectively. The bone was divided at least 2 cm
distally and proximally from the tumor margin, as assessed on
magnetic resonance imaging scans at the time of initial presentation.
Percent of cortical circumstance of the resected bone was measured
using computed tomography after surgery. After excision of the
bone and tumor, the soft tissue part of the tumor was removed from
the bone and sent for histological examination, with the bone
available for extracorporeal sterilization. The bone was wrapped in
vancomycin antibiotic-soaked gauze and placed in two sterile bags
before being sent to the radiotherapy suite in a special box. A dose
of 70 Gy of radiotherapy was used for sterilization. A single
irradiation of 70 Gy was performed to sterilize.The bone was then
re-implanted and fixed with suitable plate and/or screws
osteosynthesis. A single plate was used in seven patients but not in
the remaining three due to the potential difficulty of soft tissue
coverage if the plate was used. We allowed partial weight-bearing
at 1 month after adequate internal plate fixation. The control group
consisted of 30 patients who were diagnosed with bone sarcoma of
the mid-shaft femur or tibia between 2000 and 2016 at Mie
University Hospital and the Royal Orthopaedic Hospital. They
received intercalary resection including tumor and reconstruction
using intercalary extracorporeal irradiated autologous bone graft.
The procedure of resection and irradiation of the bone was similar.
The mean length of the resected bone was 13.8 cm. A dose of 70 or
90 Gy of radiotherapy was used for sterilization. In nine patients,
the medullary cavity of the bone was then filled with gentamicin
containing bone cement to strengthen the bone. We ensured that
there was no cement in the last 2 cm of the bone ends to allow for
bony ingrowth at the osteotomy sites. In 21 patients, vascularized
fibula graft was used for strengthening the bone. The bone was then
re-implanted and fixed with a suitable plate (single plate: 25
patients, double plate: 5 patients). Patient background, age, and
administration of neo- and adjuvant chemotherapy were
significantly different between groups. However, there was no
significant difference in resected bone length between groups.

Complete incorporation was assumed when the whole osteotomy
line disappeared on CT. Proximal and distal bone fusion was
assumed when osteotomy line disappered on radiograph. Generally,
full weight-bearing in patients with intercalary graft was acquired
when osteotomy line disappeared on radiograph at proximal and
distal osteotomy sites. For the patients with hemicortical graft, full
weight-bearing was acquired 3 or 4 months after surgery, if the rigid
fixation using plate and screw was performed. The statistical
associations between the clinicopathological factors were evaluated
using the Mann–Whitney U-test for quantitative data, and Fisher
exact or Χ2 test for qualitative data. This study was approved by
the institutional review board of our hospital.

Results
The clinical background of the study patients is shown in
Table I. None of the patients had metastases at diagnosis. The
mean age of the patients at the time of surgery was 63 years
(range=37-84 years). Five patients were male and five were

female. The mean length of the resected bone was 11.7 cm
(range=8-15 cm). The extent of cortical circumstance of the
resected bone varied between 30% and 50%. The patients had
been followed up for a mean of 54 months (range=29-112
months) at the time of the study. Nine patients were alive at
the time of our study, but one patient had previously died
because of lung metastasis (Table II). Local recurrence in the
soft tissue developed in one patient (No. 6), who then received
radiotherapy. No patient developed local recurrence in the re-
implanted bone. There were no fractures of the graft or of the
remaining host bone in this series. One patient (No. 8)
developed superficial infection, and debridement was
performed; the wound was healed without removal of the
implant (Figures 1 and 2). Another patient (No.5) developed
compartment syndrome postoperatively, and was first treated
with decompressive fasciotomy before additional local flap
and skin graft procedures were performed one month later.
Primary union of the distal and proximal osteotomy sites was
achieved in nine patients at a median postoperative time of 4
months and 7.5 months, respectively. Primary union at the
proximal osteotomy site was not achieved in one patient (No.
2) after 31 months post-surgery. Nine grafts were incorporated
at a mean of 12.3 months (range=4-26 months) after surgery.
Full weight-bearing was achieved in all 10 patients at a
median and mean time of 4.8 and 5.3 months, respectively
(Table II). For the patients who underwent plate fixation, full
weight-bearing was achieved at a median and mean time of
3.5 and 3.9 months, respectively. Function was excellent in all
patients as they could walk without any support. 

When we compared the clinical outcome among the
patients who received intercalary and hemicortical grafts, the
duration to full weight-bearing achievement in patients who
received hemicortical graft was shorter than that in those with
intercalary graft (mean: 5.3 months vs. 10.5 months, p=0.049)
(Table III). At the proximal osteotomy site, primary bone
fusion was achieved in 9 patients in the hemicortical group
and 21 patients in the intercalary group. At the distal
osteotomy site, primary bone fusion was achieved in 10
patients in the hemicortical group and 23 patients in the
intercalary group. Although the duration of fusion
achievement at the distal osteotomy site was not different,
proximal fusion was achieved earlier in patients who received
hemicortical graft than in those who received intercalary graft
(mean: 5.7 months in 9 patients vs. 10.2 months in 21 patients,
p=0.04). Finally, at the final follow-up period, primary bone
fusion was achieved in 9 patients in the hemicortical group at
all circumstances and in 19 patients in the intercalary group
at both proximal and distal sites. We also compared the
duration until full weight-bearing between the group with
chemotherapy and without chemotherapy. There was no
difference between the group with chemotherapy (10 months)
and without chemotherapy (7 months, p=0.62). Furthermore,
there was also no significant difference in the proximal
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(p=0.53) and distal bone fusion (p=0.82) between the group
with chemotherapy and without chemotherapy.

Discussion

Our results of 10 hemicortical procedures for bone and STS
showed good oncological and functional outcomes. No
extracorporeal irradiated autologous bone graft complications
occurred, and there were no fractures of the remaining
hemicortex bone. All patients could walk without any support

and obtained full weight-bearing walking at a median time of
4.8 months. More than six months were necessary for three
patients without plate fixation to achieve full weight-bearing
walking due to prevention of the fracture. The duration to
achievement of full weight-bearing walking in patients who
received hemicortical graft was shorter than that in those who
received intercalary graft. Although the exact time of
incorporation was difficult, we allowed partial weight-bearing
at 1 month after adequate internal plate fixation and full
weight-bearing at median and mean times of 4.8 and 5.4
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Table I. Clinical characteristics in patients who received hemicortical resection and reconstruction.

No.              Age/Gender                    Diagnosis                           Site                       Resected                       % of cortical                                 Fixation
                                                                                                                                  bone (cm)              circumstance resected                                

1                        76/F                            MPNST                           Tibia                             8                                   30%                                         Screws
                                                                                                                                                                                                                               LD flap
2                        37/F                                OS                              Femur                            8                                   40%                                     Single plate
                                                                                                                                                                                                                               Screws
3                        39/F                               UPS                              Tibia                           11                                   50%                                         Screws
                                                                                                                                                                                                                               LD flap
4                        84/F                              LMS                              Tibia                           11                                   40%                                     Single plate
                                                                                                                                                                                                                               Screws
5                       60/M                              UPS                              Tibia                           15                                   40%                                         Screws
6                       68/M                               SS                                Tibia                             8.5                                30%                                     Single plate
                                                                                                                                                                                                                               Screws
7                       71/M                        De-dif LPS                        Femur                          15                                   30%                                     Single plate
                                                                                                                                                                                                                               Screws
8                        67/F                                SS                               Femur                          12                                   30%                                     Single plate
                                                                                                                                                                                                                               Screws
9                       58/M                        MyxoidLPS                       Femur                          13                                   40%                                     Single plate
                                                                                                                                                                                                                               Screws
10                     69/M                        De-dif LPS                        Femur                          15                                   50%                                     Single plate
                                                                                                                                                                                                                               Screws

MPNST: Malignant peripheral nerve sheath tumor; OS: osteosarcoma; UPS: Undifferentiated pleomorphic sarcoma; LMS: leiomyosarcoma; SS:
synovial sarcoma; de-dif LPS: de-differentiated liposarcoma; LD flap: Latissimus dorsi flap.

Table II. Clinical outcome of 10 patients with hemicortical reconstruction.

No.              Age/Gender                   Fusion (months)                         Complications                            FWB                     Follow-up                 Status
                                                   proximal             distal                                                                       (months)                   (months)                       

1                        76/F                        4                        6                                                                               6.2                            84                        CDF
2                        37/F                        n                        4                                                                               3.5                            31                        CDF
3                        39/F                        2                      21                                                                             10.3                           112                       AWD
4                        84/F                        5                      26                                                                               2.0                            26                       AWD
5                        60/M                        9                        9                 Compartment syndrome                      9.2                            57                        CDF
6                        68/M                        4                        4                       Local recurrence                            4.0                            40                        DOD
7                        71/M                      5.5                      2                                                                               5.5                             69                        NED
8                        67/F                        4                      11                              Infection                                   3.3                            35                        NED
9                        58/M                       14                      4.5                                                                            6.1                            55                        CDF
10                      69/M                        4                      14                                                                               3.0                            29                        NED

FWB: Full weight-bearing; CDF: continuous disease-free; NED: No evidence of disease; AWD: alive with disease; DOD: died of disease.



months, respectively. No fractures of the extracorporeal
irradiated autologous bone and host hemicortex occurred.
Although hemicortical reconstruction using extracorporeal
irradiation and re-implantation has not been reported in a case-
series, hemicortical reconstruction using allograft, fibula graft,
and pasteurized autograft has previously been reported (8-10,
13, 14). The most frequent complication in this study was host
bone fracture, with a reported rate of 15% to 27% in previous
studies that evaluated more than 10 patients (8-10, 13). First,
perfect fitting of the allograft may reduce fracture rate (8, 15).
Contrary to the allograft, it is relatively easy to obtain perfect
cortical apposition between the irradiated autologous bone and
host cortices at the junction. Second, the preserved cancellous
and cortical bone on the other side of the involved long bone
could provide a wider contact area for autograft incorporation,
maintain mechanical support, and prevent fracture (8, 16, 17).
Finally, appropriate reinforcement is necessary for the
prevention of fracture. Bus et al. have suggested strategies of
hemicortical allograft fixation according to the extent of
cortical resection and resected bone lengths (8). The authors
have recommended plate fixation when the resected bone is
>8 cm and in 25% to 50% of cortical circumstance, as was the
case in the present study (8). Screw fixation was performed in
three patients because of the difficulty of soft tissue coverage
if the plate was used. For these patients, full weight-bearing
was allowed after 6 months because we confirmed sufficient
union to allow partial and full weight-bearing carefully. 

Non-union in intercalary reconstructions with extracorporeal
irradiated autologous bone grafts with vascularized fibular
grafts has been reported to occur in between 7% and 31% of
patients (5-7). In the present study, proximal fusion alone was
achieved earlier in patients who received hemicortical graft

than in those who received intercalary graft. Nine grafts were
completely incorporated at a mean of 12.3 months after
surgery. Liu et al., in a study including 13 patients who
received hemicortical resection and reconstruction using
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Figure 1. Contrast-enhanced computed tomography (CT) (left) and magnetic resonance imaging (right) showing synovial sarcoma of the left thigh
(Case 8). The arrow on the CT represents the cutting line. 

Table III. Comparison between the patients with hemicortical and
intercalary resection and graft.

Variables                                          Intercalary    Hemicortical    p-Value

Age
   mean (years)                                        17                    63           <0.0001
Gender
   Male (n)                                               20                      5             0.35
   Female (n)                                           10                      5               
Resected bone chemotherapy
   Mean                                                    13.8                 11.7          0.51
   (cm)                                                                                                 
   Yes (n)                                                 26                      4             0.0007
   No (n)                                                    4                      6               
Fusion at proximal site
   Yes (n)                                                 21                      9             0.4
   No (n)                                                    9                      1               
   mean (months)                                    10.2                   5.7          0.04
Fusion at distal site
   Yes (n)                                                 23                    10             0.22
   No (n)                                                    7                      0               
   mean (months)                                      7.3                 10.8          0.53
Primary fusion at both sites 
   Yes                                                       19                      9             0.23
   No                                                        11                      1               
Duration between surgery and FWB
   Mean (months)                                    10.5                   5.3          0.049

FWB: Full weight-bearing.



pasturised autograft for parosteal osteosarcoma of the distal
femur, have reported that the mean time to union was 11.2
months (13). Although there has been no report concerning
bone fusion and hemicortical autograft when using the liquid
nitrogen method, there may be no differences in duration until
complete bone union depending on bone graft recycling
methods. 

Full weight-bearing was achieved in all 10 patients at
median and mean times of 4.8 and 5.3 months, respectively.
Moreover, patients who underwent plate fixation achieved
full weight-bearing at median and mean times of 3.5 and 3.9
months, respectively. The duration to full weight-bearing
achievement in patients who received hemicortical graft was
shorter than that in those with intercalary graft. In the present
study, the mean and median durations to full weight-bearing
achievement in patients who received intercalary graft were
10.5 months and 7 months, respectively. We suggest that

early full weight-bearing may be achieved if perfect fitting
of autograft and additional reinforcement are performed in
patients who received hemicortical autograft, because the
preserved cancellous and cortical bone on the remaining
bone, reinforced by internal fixation, could provide a wider
contact area for autograft incorporation, maintain mechanical
support, and prevent fracture even if both proximal and distal
bone unions are not completely achieved. We also emphasize
that further study is necessary to evaluate the clinical
outcome in patients who underwent hemicortical resection
>50% of cortical circumstance.

Our study has several limitations. First, it is a selective
series. Some surgeons may choose adjuvant radiotherapy if
safe surgical margin is not acquired. However, if adjuvant
radiotherapy is planned, large part of the femur may be
included in the field of radiotherapy. Fractures after radiation
have been reported in 1.2-9% of cases (18). Second, the
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Figure 2. Images showing the post-operative radiograph (Case 8). Arrows show the osteotomy sites. After 11 months, there is sound incorporation
of the autograft (left: 1 week after surgery; right: 11 months after surgery).   



number of patients included was small, although there are no
reports with a sufficient number of patients treated with
hemicortical resection and reconstruction using extracorporeal
irradiated autologous bone graft. Third, the long duration until
full weight-bearing in patients with intercalary graft may be
due to the high rate of patients receiving chemotherapy,
although there was no significant difference between the
group with and without chemotherapy. The retrospective
nature of the study is another limitation. However, we suggest
that early full weight-bearing may be achieved in patients
undergoing hemicortical resection and reconstruction using
extracorporeal irradiated autologous bone graft if the
autograft is additionally reinforced. 
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