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Abstract

Background Of the biological reconstruction methods for

malignant bone and soft tissue tumors, reconstruction with

liquid nitrogen has the advantage of maintaining continuity

on the distal side of the tumor bone site (pedicle freezing

procedure; PFP). This method is expected to result in early

blood flow recovery, with early union and low complica-

tion rate. The purpose of this study was to compare the

outcomes of the PFP and free freezing procedure (FFP) in

the lower extremities.

Methods The study included 20 patients (12 men and 8

women) with frozen autografts (FFP, 13 cases; PFP, 7

cases). The mean age of the subjects was 36.3 years (range

11–79 years), and the mean follow-up period was

56.4 months (range 12–142 months).

Results Final bone union occurred in 11 patients in the

FFP group (84.6 %) and in 7 patients in the PFP group

(100 %). The mean union period in patients who did not

need additional surgery was 9.8 months (range

4–21 months) in the FFP group and 4.8 months (range

2–7 months) in the PFP group. Postoperative complications

occurred in 8 cases: infection in 3 cases, fracture in 3 cases,

and joint destruction in 2 cases. Six FFP patients, and 2

PFP patients (two cases of fracture), developed postoper-

ative complications.

Conclusions The union period was shorter and the rate of

postoperative complications was lower with the PFP than

with the FFP. We considered that early blood flow recovery

might have led to the above results in the PFP.

Introduction

With improvement in survival rates for patients with sar-

coma comes a need for more functional and durable

methods of reconstruction following resection of tumors in

the extremities. Standard management of the defects that

exist after bone resection has included massive prostheses

and allograft implantation. However, although a massive

prosthesis provides immediate postoperative stability and

early return to activities of daily living, in the long term,

patients are at risk for prosthesis complications such as

loosening and breakage [1–3]. Furthermore, although

reconstruction with an allograft is performed in some

countries, it has been less available in Japan because of

socio-religious reasons.

Several oncological reconstruction methods have been

developed as alternative reconstruction methods, including

irradiation [4], autoclaving [5], and pasteurization [6]. In

particular, a novel method of reconstruction with liquid

nitrogen (frozen autograft) was developed and has been

implemented in patients since 1999 [7]. The advantages of

using frozen autografts are as follows: simplicity, osteo-

induction, osteoconduction, short treatment time, preser-

vation of the cartilage matrix, perfect fit, sufficient

biochemical strength, no contagion, no need for bone

banking, easy attachment of tendons and ligaments, desir-

able bone stock, and cryo immunological activity [7–10].

The developers also modified this technique to produce a

pedicle frozen autograft to maintain anatomical continuity

on one side (Fig. 1) [11]. With this method, cutting both

sides of the tumor site is not necessary, thus providing the
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following advantages: shorter operating time, maintenance

of continuity of the joint in selected patients, preservation

of joint stability and function in selected patients because

no important ligaments need to be sacrificed, early func-

tional recovery after surgery, fewer osteotomy sites, pres-

ervation of initial strength at the host–graft junction, and a

lower rate of graft healing complications because of early

blood flow recovery. Both the free freezing procedure

(FFP) and pedicle freezing procedure (PFP) could be

indicated for bone and soft tissue sarcoma.

There is no study to verify the clinical outcomes by

comparing results of the PFP and FFP. The purpose of this

retrospective study was to compare the outcomes of the

PFP and FFP in the lower extremities by considering the

rate of bone union, union period, and postoperative

complications.

Patients and methods

Since 1999, we have used a frozen autograft technique with

liquid nitrogen in [100 patients for a wide variety of sur-

gical sites such as the humerus, radius, femur, tibia, cal-

caneus, ilium, and hip-bone. Considering bone union,

union period, and postoperative complications such as

infection, fracture, and joint destruction, most of these

cases have had a good course after reconstruction with

frozen autografts.

The PFP was performed following the method of Tsu-

chiya et al. [11]. Osteotomy was performed at 2 cm from

the proximal side of the bony margin. The soft tissue was

divided along the extremity beyond the surface of the

surgical margin until the arc of rotation was adequate. The

surrounding soft tissue was protected by surgical sheets.

The intramedullary canals were then curetted to remove the

bone marrow and tumor content, to prevent graft fracture

due to watery volume expansion during freezing. The bony

lesions connecting to the limb were rotated cautiously and

frozen in liquid nitrogen while continuing to protect the

surrounding soft tissue with surgical sheets. The part of the

bone 2 cm away from the bony margin was positioned at

the surface level of the liquid nitrogen. All tumors were

treated using a single-cycle liquid nitrogen protocol, which

consisted of freezing in liquid nitrogen for 20 min, thawing

at room temperature for 15 min, and further thawing in

distilled water for an additional 10 min. This pedicle

freezing method was performed under tourniquet control to

prevent tumor dissemination and bleeding.

Bone union and postoperative complications depended

on the surgical site environment, the stability of the host–

graft junction, and the load weight. Therefore, in this study,

we selected only those patients who received treatment in a

lower extremity (femur or tibia), and compared the clinical

outcomes of the PFP and FFP in those cases. Sixty-nine

frozen autografts were used for lower extremity recon-

structions from 1999 through 2011. The exclusion criteria

included composite prosthesis and short-term follow-up

(\12 months), which yielded a study population of 20

cases from the original 69 cases. The patients consisted of

12 men and 8 women, and their average age at the time of

Fig. 1 Pedicle freezing procedure. a Tumor of the diaphyseal femur. b Pedicle freezing in liquid nitrogen. c Osteosynthesis with plates
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diagnosis was 36.3 years (range 11–79 years). The mean

follow-up period was 56.4 months (range 12–142 months):

66.8 months (range 21–142 months) in the FFP group and

37.4 months (range 12–66 months) in the PFP group. The

histological diagnoses of these cases were 15 primary bone

and soft tissue tumors (11 osteosarcomas, 2 malignant

fibrous histiocytomas, 1 leiomyosarcoma, and 1 Ewing’s

sarcoma) and 5 metastatic bone tumors (2 lung cancers, 2

renal cancers, and 1 breast cancer). The sites were the

femur in 13 patients, tibia in 6 patients, and both in 1

patient. Reconstruction with osteoarticular graft was per-

formed in 8 cases. In this study, we classified the cases of

reconstruction with osteoarticular graft into the FFP group.

Bone union was defined as the presence of indistinct

bone incision lines (both sides in the FFP group) or

bridging callus on radiographs. The presence of postoper-

ative infection was assessed at the site of the frozen bone,

not in the superficial tissues. Fracture and joint destruction

were evaluated on radiographs.

The function at the final follow-up assessment was

evaluated by the International Society of Limb Salvage and

Musculoskeletal Tumor Society (ISOLS/MSTS) scoring

system [12].

This study was approved by the local institutional

review board. All subjects were informed that data from

this study would be submitted for publication, and gave

their consent for participation.

Results

Bone union

Details of the treatment results are shown in Table 1. There

were 13 cases in the FFP group and 7 cases in the PFP

group. Final bone union was observed in 11 cases (84.6 %)

in the FFP group and 7 cases (100 %) in the PFP group.

The union period in patients who did not need additional

surgery was 9.8 months (range 4–21 months) in the FFP

group and 4.8 months (range 2–7 months) in the PFP

group. Five cases in the FFP group and 2 cases in the PFP

group needed a second surgery for delayed union. There is

no fixed standard time of second surgery for delayed union

because it depends on the individual patient, surgeon

availability, hospital protocol, and other factors. Therefore,

the data of patients who received a second surgery were not

used in the calculation of the union periods because it was

difficult to precisely calculate the union period in those

patients. Four of the 5 FFP cases and both PFP cases

obtained union after the second surgery, and the mean

union period after the second surgery was 20 months

(range 8–40 months) and 2.5 months (range 2–3 months)

in the FFP and PFP cases, respectively.T
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Postoperative complications

Postoperative complications occurred in 8 cases: infection

in 3 cases, fracture in 3 cases, and joint destruction in 2

cases. Two of these complications (2 cases of fracture)

occurred in the PFP group. The postoperative infection rate

was 23.1 % (3 of 13 cases) in the FFP and 0 % (0 of 7

cases) in the PFP group. Case 6 showed postoperative

infection at 7 months after reconstruction. In this case,

bone union at the host–graft junction had already occurred

on radiographs taken 5 months after reconstruction. Fur-

thermore, bone union was seen at the time of surgery for

infection. After surgery for infection, the function of the

affected limb with the tumor prosthesis was excellent. Case

10 exhibited infection at 21 months after reconstruction.

Bone union occurred after revision surgery at 32 months

after the first surgery with a frozen autograft. The function

of the diseased limb was excellent without a massive

prosthesis. The patient of case 11 developed infection at

7 months after reconstruction. Because of failure to

achieve bone union, this patient finally received prosthetic

surgery. The function of the diseased limb was good. Cases

9, 13, and 15 developed fracture of the procedure bone.

Although case 9 was an atraumatic fracture, the fracture in

cases 13 and 15 was caused by trauma. We performed

reimplantation and bone graft for the fracture of case 9, and

bone union occurred after the second surgery. Because the

fracture of case 13 reached the joint surface, prosthetic

surgery was performed. For case 15, bone union had

already occurred at the time of fracture, and we performed

reimplantation and bone graft at the fracture site. All these

cases had excellent function at the final follow-up period.

Joint destruction occurred in 2 FFP cases. The patient of

case 2 underwent surgery for joint destruction at 69 months

after reconstruction with a frozen autograft, and the patient

of case 5 received surgery at 14 months. Prosthetic surgery

was performed in these 2 cases, and both patients achieved

excellent function in the affected limbs. Although 5 cases

in the FFP group and none in the PFP group ultimately

underwent prosthetic surgery, 18 patients had excellent

function and 2 patients had good function at the end of the

follow-up period. From the viewpoint of the function of

diseased limb at the final follow-up assessment, the treat-

ment for postoperative complications, including infection,

fracture, and joint destruction, was successful.

Discussion

Several biological reconstruction methods are available for

malignant bone and soft tissue tumors. The treatment

outcomes using frozen autografts were superior to those of

other biological reconstructions [9, 14, 15]. In addition,

frozen autografts contain autogenous proteins, growth

factors, and cytokines [16], and they do not elicit an

immune reaction. Furthermore, a new method of pedicle

freezing (the PFP) has been developed. More than 40 cases

have been treated using this method, and most of those

cases have acquired excellent or good function. The

important advantage of the PFP, in comparison with the

FFP, is the need to cut only one side of the tumor site while

maintaining continuity on the other side. Because the bone

marrow cavity between the host and frozen bones is intact,

it is expected that blood flow recovery of the PFP is faster

than that of the FFP (Figs. 2, 3). Furthermore, the conti-

nuity on one side leads to improved stability of the frozen

bone in the PFP compared with the FFP. This study sug-

gests that the PFP has beneficial outcomes with respect to

bone union and postoperative complications, including

infection, fracture, and joint destruction.

Since 2002, we have chosen to use the PFP as often as

possible. However, in some cases in which we could not

preserve the articular cartilage because the tumor was close

to the joint surface, and in cases in which we could perform

hemicortical resection, we performed the FFP rather than

the PFP. Because it can preserve the continuity of the other

side to the resected side, the hemicortical resection was

expected to lead to better stability than the PFP and earlier

blood flow recovery than the conventional FFP. In this

study, we performed reconstruction with a frozen autograft

using a hemicortical resection for case 17. In 2 cases we

Fig. 2 Early blood flow recovery is expected in the frozen pedicle

bone. a After the pedicle freezing procedure (PFP). b After the free

freezing procedure (FFP)
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treated before 2002 (cases 1 and 3), we performed the FFP;

however, at present, we would prefer to treat such cases

using the PFP.

In this study, bone union was seen in all the PFP cases,

although 2 FFP cases did not achieve union of the host–

graft junction. The mean union period in the patients who

did not need additional surgery was 9.8 months in the FFP

group and 4.8 months in the PFP group. The rate of union

was 84.6 % (11 of 13) in the FFP group and 100 % (7 of 7)

in the PFP group. The essential elements of bone union are

classified according to biological and biomechanical fac-

tors [17, 18]. Biological factors include various cytokines,

growth factors, angiogenetic factors, and proteolytic

enzymes. Biomechanical factors include perfect fit, sta-

bility, and contact area. Compared with the FFP, the PFP

has superior angiogenetic potential and stability. These

biological and biomechanical factors probably contributed

to the higher union rate and shorter union period in the PFP

than in the FFP.

With regard to the cases of nonunion in our study,

reconstruction was performed in these cases by using an

intramedullary nail without a plate. In general, stability at

the fracture site is better with a plating system compared

with an intramedullary nailing system [19, 20]. Therefore,

we considered that this biomechanical factor contributed to

the nonunion at the host–graft junction, and we have since

adopted the plating system for reconstruction.

Postoperative infection occurred in 3 cases. Vascularity

and stability are critical factors to avoiding postoperative

infection [21–24]. The 3 cases of infection were all in the

FFP group. The PFP is expected to facilitate early vascu-

larity because of the continuity of one side of the host–graft

junction, and this might have helped prevent postoperative

infection. In addition, these 3 cases underwent recon-

struction without a plating system, and stability is also

important in preventing postoperative infection. We con-

sidered that the free freezing procedure and fixation with

only an intramedullary nail contributed to postoperative

infection in these cases.

Fracture occurred in 3 cases after reconstruction. The

first case exhibited an atraumatic fracture. This patient had

a metabolic disease called Hutchinson–Gilford progeria

syndrome (persons with this condition have an average life

span of 13 years). At the time of reconstruction with a

frozen autograft, this patient was 18 years old, and because

the disease led to progeria, the bones of this patient were

considered weaker than normal. The other 2 fracture cases

were due to trauma. Therefore, comparing the postopera-

tive fracture rate between the FFP and the PFP was difficult

in this study.

Joint destruction occurred in 2 cases, both of which were

treated using the FFP. The common feature of these cases

was freezing of the joint surface. Because cryo injury of the

articular cartilage causes osteoarthritic change [25], joint

destruction eventually developed. It is important to prevent

cryo injury of the joint surface in reconstruction with the

FFP or the PFP.

In this study, patients were followed up for \10 years.

Because almost 50 % of the patients in this study were

\20 years old at the time of the surgery, we need to monitor

Fig. 3 A 13-year-old girl with

osteosarcoma of the right femur

(case 19). a Pretreatment

radiograph and magnetic

resonance image showing

osteosarcoma of the right femur.

b Postoperative radiograph;

osteotomy was performed on

the proximal side of the tumor

site, and PFP was used for the

reconstruction. c Bone scan at

1 month after reconstruction

showing the uptake in the frozen

bone
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them for [50 years. If massive prostheses are used for

reconstruction, multiple surgeries will be required because

of wear of the implant. However, biological reconstruction

does not require such surgeries because the procedure bone

will regenerate after the reconstruction. Popken et al. [26]

reported that the stability of frozen bone almost matched

that of the normal bone at 4 months after cryosurgery in the

lower extremities of sheep. Their study also indicated his-

tological repair of frozen bone 4 months after cryosurgery.

Furthermore, Yamamoto et al. [27] reported that the cortical

bone of the host–graft junction had repaired to[80 % of the

normal 8 years after reconstruction in humans. These

studies indicate that bone frozen with liquid nitrogen

regenerates after reconstruction. However, there are no

reports on the long-term stability of the procedure bone. Our

patients need to be followed up for life regardless of whe-

ther they are disease-free or have a recurrence.

This study had some limitations. A randomized double-

blind trial for the FFP and PFP was difficult because of the

small number of patients. However, this study is the first

report to compare the FFP and PFP; therefore, our results

are significant because they may be used as a reference for

the bone union rate or postoperative complication rate

between these two freezing methods. Moreover, the PFP

had fewer complications than the FFP. Because the mean

follow-up period of the PFP was shorter than that of the

FFP, it is possible that the postoperative complication rate

for the PFP will increase in the future.
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