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Allogeneic grafts for bone tumor
21 cases of osteoarticular and segmental grafts

Antti Alho', Erkki O. Karaharju?, Olli Korkala?, Erkki M. Laasonen?,

Teddy Holmstrom3 and Carl Miitler!

We treated 21 aggressive and malignant bone tumors by wide resection and replace-
ment with deep-frozen osteoarticular and segmental (intercalary and block) allo-
grafts. Radiologic and histologic studies showed a gradual accretion of new bone on
the graft trabeculae, sometimes with 1otal creeping substitution. Substantial resorp-
tion of grafted condylar bone occurred in 3 of 14 cases. One of them ended with ar-
throdesis; in the other 2 the result after augmentation autografts was fair. Radiograph-
ically, a gradual joint surface destruction was observed in all the osteoarticular grafts
after 5 years, notcorrelating with joint function, however. Biopsies showed some car-
tilage regeneration. Each patient underwent, on an average, two operations. Function
after osteoarticular grafts at 3—16 years was excellent in I case, good in 4, fairin 6, and
poor in 1 case; 2 cases were too recent for evaluation. Function 3—12 years after seg-
mental grafts was excellent in 3 cases and poor in 3 cases (1 amputation due to nonun-
ion, 1 amputation due to recurrence, and 1 prosthetic replacement due to recurrence);
1 case was too recent forevaluation. We conclude that an allograft is an acceptable al-
ternative in the reconstruction of large tumor defects. However, it still presents un-
solved immunologic and preservation problems, which make the prognosis guarded.

In juxtaarticular boneresection for tumor, the joint can
be fused (Enneking et al. 1980, Campanacci 1985) or
reconstructed with an osteoarticular allograft (Parrish
1973, Volkov and Imamaliev 1976, Koskinen et al.
1979, Mankin et al. 1987, Alho et al. 1987, Delépine
1988) or replaced with an endoprosthesis (Koiz 1983,
Sim and Chao 1987). Inalarge segmental resection the
replacement can be done by using an allograft (Kos-
kinen et al. 1979, Mankin et al. 1987) or a segmental
prosthesis (Heck et al. 1986).

We report our experiences during a 16-year period
as regards graft incorporation, joint preservation, and
limb function in 14 cases of osteoarticular allografts
about the knee (Koskinen et al. 1979, Alhoetal. 1987)
and in 7 cases of segmental (intercalary and block)
allografts.

Patients and methods
The preoperative examination (Table 1) included con-
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ventional radiography, angiography, #mTc.MDP
scintigraphy, CT (since 1979), and open biopsy.
Standard radiographs, supplemented with tomogra-
phy and CT, were taken to exclude pulmonary meta-
stases.

The tumors were graded as aggressive benign (G0),
low-grade malignant (G1), and high-grade malignant
(G2), and were staged according to Alho (1984), Table
1. The histologic diagnoses were giant-cell tumor—10,
chondrosarcoma -4 (G1 -3, G2 -1), periosteal osteo-
sarcoma -2, fibrosarcoma -2, chondroblas-
toma ~1, Ewing’s sarcoma -1, and metastatic hyper-
nephroma —1.

Simultaneously with the preoperative examina-
tions, an allograft was harvested from a suitable cadav-
er in accordance with the guidelines of the American
Association of Tissue Banks (Friedlaender and Man-
kin 1981): viz., aged 16-50 years, no known infec-
tions, no malignant disease, and no known osteopenia
factor. The laboratory studies were ESR, WBC, bacte-
ria in the urine, Australia antigen, and test for syphilis
and HIV (since 1987). The bone marrow of the graft
and the surrounding periosteum were removed retain-
ing parts of ligaments, and in cases of the proximal ti-
bia, the menisci. Bacterial samples were taken for cul-
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Table 1. Clinical data for osteoarticular (Cases 1-14) and intercalary grafts (Cases 15-20)

Case Sex Type :
no. and Diagnosis® Grade® Stage® and Complications
age size®
1 M34 GCT 0 3 DFB10 Habitual dislocation of
patella
2 M32 GCT 0 3 DFB12 “Osteochondritis dissecans™;
Ligament insufficiency
3 M34 GCT 0 3 DFB 12 None
4 F17 CB 0 3 DFB 9 None
5 M23 GCT 0 3 PTB 15 Fx of graft-host junction
6 M42 POS 1 3 DFB12 Resorption, infection
7 M26 GCT 0 3 DFB14 None
8 M23 POS 1 3 DFB14 Fx of graft-host junction,
Fracture of graft;
“Osteochondritis dissecans”
9 F 41 cs 1 3 DFB13 None
10 F 16 GCT 0 2 DFU 7 Resorption
1 M33 GCT 0 3 DFU 10 Recurrence, “osteochondritis
dissecans”
12 F28 GCT 0 3 DFU 10 None
13 M22 GCT 0 2 DFB 15 Resorption, fracture
14 M35 E 2 2 PTB 16 None
15 F 20 FS 1 2 Ti14 Fatigue fracture
16 F37 FS 1 3 Ti11 Recurrence
17 M22 GCT 0 2 FBLS8 None
18 F 49 GS 1 2 TI10 Nan-union
19 M35 cs 1 3 HI18 None
20 M48 CS 2 2 FBLY Recurrence
21 M 59 HN 2 4 Fi12 None

a GCT giant-celf tumor, CB chondroblastoma, FS fibrosarcoma, HN hypernephroma, POS parosteal osteosarcoma,

CS chondrosarcoma, E Ewing's sarcoma.

b Grade: 0 benign, 1 low-grade, 2 high grade; Stage:1 intraosseous tumor; 2 intraosseous tumor aftecting the cortex, but not
extending through the periosteum; 3 tumor extending to surrounding soft tissues; 4 metastatic tumor.

ture before sterile packing. The early grafts were fro-
zen without any cartilage preservative to—70 °C for 48
hours and stored at —20 °C for at least 4 weeks (Koski-
nen et al. 1979). In the last 5 cases of osteoarticular
grafts, we used the slow-freezing, quick-thawing prin-
ciple (Farrant 1980). The graft cartilage was impreg-
nated with 10 percent dimethylsulfoxide (DMSO) be-
fore gradual freezing at +4 °C for 16 hours, at -30 °C
for 24 hours, and then stored at —70 °C. The size of the
graft was the only matching criterion. Before the trans-
plantation the cartilage was rapidly thawed in warm
Ringer’s solution.

The tumor was removed en bloc, including biopsy
scars, with a wide bone and soft-tissue margin, 1 cm
transversely and 3-5 cm longitudinally based on the
radiologic studies. After the introduction of CT with
improvedresolution, the 5-cmmargin was narrowed to
3cm.

Inthe condylar grafts (9 bicondylar and 3 unicondy-

lar femoral grafts, and 2 bicondylar tibial grafts) the
knee ligaments were reconstructed either by reinser-
tion through drill holes to the graft or by sutures to the
ligamentous tufts of the graft. The muscles and ten-
dons were reinserted, but the posterior knee capsule
was not sutured.

The segmental resections were two trochanteric
block resections and five metaphyseal/diaphyseal in-
tercalary removals: one humerus, one femur, and three
tibiae (Figure 1). The trochanteric block resections
were made by retaining a bridge of intact calcar femo-
rale, with the remainder being intercalary grafts.

In no patient was the main vessel and nerve bundle
affected, although most of the tumors were stage T3.
The grafts were fixed with AO compression osteosyn-
thesis, except in Case 14, where locked nails were
used. A cuff of autogenous cancellous chips from the
iliac crest was created around the graft-host junction
(Figure 2). Systemic antibiotics for 1-5 days, suction



Acta Orthop Scand 1989;60(2):143—-153 145
Resuft® Knee Follow-up  Figure
Case motion (years)
no. Reoperations M P SD S EF C Overall  (degrees)
1 Removal of implant; E G G E F G Fair 10-110 16 2
Patellectomy
2 Suture of fig. and G G G G F G Fair 10- 75 11 7
meniscectomy
3 None F G G G F E Fair 30- 70 1 11
4 Removal of implant E E E E G E Good 0-100 11
5 Reosteosynthesis G E E E G G Good 0-75 11
and autograft
6 Total knee replace- P G - G P P Poor - 10 6
ment; Arthrodesis
7 None F G E G F E Fair 5- 85 10
8 Reosteosynthesis x 2 F G G G F F Good 10— 55 9
Fixation of fragment
9 Removal of implant F G E G G E Fair 0~ 60 9 5
10 Autograft E G F G F G Fair 0115 9 8
11 Curettage, bone E E G E G G Good 0- 95 4 9
cement
12 None E E E E E E Exc. 5-115 3 3
13 Autograft F E F G G E 10~-115 1
14 None E E E E E E 0-115 1 4,10
15 Osteosynthesis and E E E E E G E 12 1
autograft: Removal
of implant
16 Amputation - E - E G P P 5
17 None E E E E E E E 5
18 Autogratt; - E - G F P P 4
Amputation
19 None E E E E E E E 3
20 Endoprasthesis G E E G E P P 3
2 None E E E G E E 1

¢ DF distal femur, F femur, H humerus, PT proximal tibia, T tibia, B bicondylar, U unicondylar; | intertrochanteric,

BL trochanteric block, the length of the graft is given in cm.

d Evaluation system of the Musculoskeletal Tumor Society (Enneking 1987): M motion, P pain, S/D stability/deformity,
S strength, E/F emotional acceptance/function, C complication. Overall result according to Mankin (1982): E excellent,

G good, F fair, P poor.

drainage, and thrombosis prophylaxis were used. In
Case 14 of Ewing’s sarcoma, adjuvant chemotherapy
(Rosenet al. 1981) was given preoperatively and post-
operatively.

In the first nine replacements about the knee, the im-
mobilization period in a plaster cast varied from 3 to 8
months, and full weight bearing was allowed between
6 and 14 months (Table 1). Since 1978, we have re-
placed the plaster cast after 6 weeks with a hinged or-
thosis for additionally 6-8 weeks. Full weight bearing
using a crutch was allowed after 3 months and unpro-
tected weight bearing after 12 months.

In 4 cases the osteosynthesis implant was removed
when the host-graft junction was considered strong
enough, i.e., 2-3 years after the transplantation. No im-
plant removals have been performed since 1978, and
no adverse effects have been found due to this policy.

Todetermine the incorporation of the grafts, radiog-

raphy and radionuclide scans were done regularly.
Twenty biopsy specimens were taken during opera-
tionsin 15 cases. CT was used for the late resultevalua-
tion.

The overall results 2—16 years after the replacement
were evaluated using the classification of Mankinet al.
(1982): excellent — no evidence of disease and full
functional, social, and vocational capacity; good —no
evidence of disease, stable knee, extension deficit
< 10° range of motion 290°, full weight bearing with
only occasional pain, and full social and vocational ca-
pacity; fair — no evidence of disease, slightly unstable
knee and/or range of motion less than above, walking
aid (cane) and/or resiricted social and occupational ca-
pacity. Arthrodesis or amputation for graft failure and
amputation or prosthesis replacement for tumor recur-
rence were designated as poor regardless of the func-
tion.
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Results

No wound-healing complications and no infections
were experienced after allografting. In 1 case where
the graft was removed because of resorption, the total
knee replacement was complicated by infection and
ended in arthrodesis. Two fractures of the 21 bone-
plate constructs were experienced.

Tumor recurrence

The tumor recurred in 3 cases. A giant-cell tumor was
treated successfully with curettage and cementing with
polymethylmethacrylate (Case 11). In a case of fibro-
sarcoma an above-knee amputation was performed
(Case 16). The third case a proximal femoral chondro-
sarcoma was treated with excision and tumor prosthe-
sis without further evidence of disease (Case 20).

Figure 1. Fibrosarcoma of the ti-
bia treated with a segmental re-
section and intercalary graft
(Case 15).

A. Preoperatively.

B. Incorporated gratft 2 years la-
ter.

C. A fatigue fracture of the graft
and plate 5 years after the trans-
plantation was treated by remo-
val of the plate, autogenous sub-
periosteal graft and plaster cast.
The fracture united in 4 months.
Theresultwas excellent 12 years
later with full function, free knee
motion, and 5°reduction in ankle
dorsifiexion.

Incorporation of graft bone

In most cases, both radiographs (Figure 5) and CT
showed an increasing sclerosis of bone. This accorded
with the histologic findings (Figure 6) of a gradual ac-
cretion of new bone on the necrotic transplant trabecu-
lae. In some of the biopsy specimens, the classical pic-
ture of creeping substitution could be seen with a total
replacement of the graft matrix by a new, revascular-
ized trabecular network (Figure 7), but this may not be
representative for the whole graft.

In the nine osteoarticular grafts, two fractures of the
bone plate occurred at the graft-host junction, both
during the first year of full weight bearing (Cases 5 and
8). Two patients fractured the graftitself: 1 high-ener-
gy trauma after removal of the plate (Case 8), and the
other sustained a fatigue fracture of the graft (Case 15,
Figures 2-4). All four fractures were successfully
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Figure 2. Distal hemijoint allograft fixed with AO compression osteosynthesis. Note the sleeve of autogenous cancellous bone in the

graft-host junction. Five years after the operation (Case 1).

Figure 3. Unicondylar femoral allograft replacement. Two months after the operation (Case 12).
Figure 4. Proximal tibial grafting by using locked intramedullary nailing. One year after the operation (Case 14). The result was
excellent 12 years later with full function, free knee motion, and 5° reduction in ankle dorsiftexion.

treated with autogenous bone transplantation com-
bined with a new plate fixation in 3cases. In 1 case the
intercalary graftdid notincorporate in spite of repeated
autogenous sleeve grafting, and the patient preferred
anamputation 2.5 years after the allograft replacement
(Case 18).

In 3 patients the graft condylar mass showed mas-
sive resorption during the first 2 years; in | of the pa-
tients a total knee replacement was performed (Case
6), whereas autologous bone grafts (fibular struts and
cancellous bone) were used in the other 2 patients
(Case 10, Figure 8, and Case 13). In 3 other cases a part
of the subchondral femoral bone was demarcated as in

osteochondritis dissecans (Cases 2, 8,and 11). In Case
8, refixation was carried out using autogenous bone
pegs, whereas in the other two no operation was re-
quired; in fact, healing of the demarcated fragment
could be observed in one of them (Case 11; Figure 9).
The subchondral demarcations were observed after the
condylar revascularization, as confirmed by biopsy in
2 patients (Cases 2 and 11).

In Case 14 where preoperative and postoperative
adjuvant chemotherapy was used for the treatment of
Ewing’s sarcoma, the radiographs and scintigrams
showed increasing incorporation already during the
chemotherapy (Figures 1 and 10).
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Survival of joint cartilage

Biopsy specimens were taken of cartilage of nine
grafts in which no preservative had been used during
the deep-freezing process. In five of the specimens,
taken during the first year, the cartilage was dead, con-
taining autolyzed chondrocytes. Intwo specimens, ob-
tained during the third year, islands of living chondroc-
ytes could be seen. In one biopsy specimen, obtained
after 1 year, the entire sample consisted of living fibro-
cartilage; and in another specimen, obtained after 7
years, living cartilage was seen on living subchondral
bone (Figure 5). An improved survival of the trans-
planted chondrocytes after gradual freezing and
DMSO preservation was suggested by a biopsy study.
However, long-term follow-up is lacking.

Radiography revealed a gradual deterioration of the
joint surface (Figure 11). However, this deterioration
was not clearly related to the function of the joints (Fig-
ure 12).

Function

In the nine osteoarticular grafts where plaster immo-
bilization was used for 3-8 months, the mobility of the

Figure 5. A. Hemijoint allograft
replacement after removal of
chondrosarcoma (Case 9).

B. The graft was oversized, but
the functional result was good 9
years later. Remodeling of the
proximal end of the graft and
patchy sclerosis as a sign of un-
svenbone accretion. Narrowing
of the joint space in nonweight-
bearing radiograph as a sign of
cartilage degeneration.

knee 1 year after the reconstruction was excellent in 2
cases, good in 6 cases, and fair in 1 case. With the pre-
sent postoperative care, function at 1 year was excel-
lent in all 5 cases (P = 0.010, Fisher’s test). Because
the knee motion was adecisive factor for the late result,
this improvement had an effect on the late results as
well. The overall results gradually deteriorated from 5
excellent, 7 good, and 2 fair at | year to 4 good, 5 fair,
and 1 poor at 8-16 years (Figure 13).

The functional recovery of the segmental (interca-
lary and block) grafts was excellent in 3 cases. One pa-
tient had a below-knee amputation after a 2.5-year
treatment of nonunion with orthosis and autogenous
bone grafting (Case 18). Two further poor cases were
due to tumor recurrence, 1 ending in an above-knee
amputation (Case 16) and the other in hip replacement
(Case 20) with a good and excellent functional end re-
sult, respectively.

Discussion

Attempts to perform an allograft replacement for a
bone defect were made anecdotally in the 19th century.
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Figure 6. Photomicrograph of biopsy specimen at 18 months
showing accretion of new bone (top) onto dead cortical bone, fi-
brotic tissue (bottom left). The cartilage (right) is dead (Case 6).
HE, x280.

Lexer (1908, 1925) used the technique in several cas-
es; he performed his first proximal tibial hemijoint al-
lograft by using a fresh transplant in 1907. More re-
cently, massive osteoarticular allografts preserved by
refrigeration have been used in animal experiments
and clinically (Parrish 1973, Koskinen et al. 1979,
Mankin et al. 1982, 1987, Aho 1985, Sgndenaa et al.
1985, Alho et al. 1987).

Allogeneic bone is immunogenic (Chalmers 1959,
Bos et al. 1983, Stevenson 1987, Muscolo et al. 1987),
and immunosuppression improves the incorporation
of experimental bone allografts (Aebi et al. 1987).
Freezing also reduces the immunogenicity (Burwell
1969). According to Elves (1978), frozen allogeneic
bone does not elicit humoral immune response, but
evokes a cell-mediated immune response. Frozen
grafts are accepted better than fresh grafts (Burwell
1969, Volkov and Imamalieyv 1976). According to
Czitrom et al. (1985), the bone marrow of the graft is
especially immunogenic and should therefore be re-
moved. The survival of cartilage is improved either by

Figure 7. Photomicrograph of biopsy specimen at 7 years show-
ing fibrocartilage (left) and new subchondral bone (right). Note
the normal bone marrow in the substituted subchondral bone
(Case 2). HE, x140.

using fresh grafts (Grossetal. 1984) or by immunosup-
pression (Aebi et al. 1987).

The slow resorption of graft bone observed in some
cases has been interpreted as aretarded rejection (Bur-
chardt 1983). Major rejection reactions have not been
observed in the clinical use of massive osteoarticular
allogeneic transplantations (Alho 1985, Mankin et al.
1987). However, both slow incorporation of the graft
and unexpected resorption may be due to an immuno-
logic mismatch. These problems should be solved for
better applicability of allografts. New immunosup-
pressive agents with few side effects may become use-
ful in selected cases. Also, tissue typing relevant to
bone grafting should be improved (Friedlaender and
Mankin 1981).

We observed considerable resorption of grafted
condylar bone in 3 of our 14 cases. Contrary to the re-
port of Parrish (1973), we did not experience resorp-
tion of the shaft portion of the graft. Such resorption
may have been due to inadequate stability of the osteo-
synthesis with impaired bone healing, and not to Im-
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Figure 8 A. Giant-cell tumor treated with unicondylar resection
and allograft replacement (Case 10).

A. Beginning ofincorporation of the allograft sleeve at 3 months.
B. Disintegration of the graft 8 months after the transplantation.
C. Radiographs 4 years after the reconstruction with fibutar
struts and iliac cancellous bone. The knee flexion was 0-110°,
she had 10°varus and occasional pain after rather long walks.

A B c

Figure 9. A. Giant-cell tumor treated with extended unicondylar resection at 6 months (Case 11).
B. Demarcation of a subchondral bone fragment at 12 months.
C. Some resorption in the demarcation area with healing by remodeling.



Acta Orthop Scand 1989;60(2):143-153

151

Figure 10. Scintigraphy 3 months after the allograft replacement
ofa proximaltibial Ewing's sarcoma during adjuvant chemother-
apy (oncovin, bleomycin, sendoxan, and actinomycin; Case
14). The reactively increased uptake in the distal femur was pre-
sent already before the operation.

Figure 11. Deterioration of the femorotibial joint surface 10
years after distal femoral bicondylar hemijoint allograft replace-
ment (Case 3). The knee was painless and stable with a range of
motion from 30°to 70°. The patient walked without support. The
overall result was fair. Nonweight-bearing radiograph.
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Figure 12. The relation of the radiologically estimated area of
functioning graft joint surface to the clinical overall result. The
estimation was performed as a mentalintegration of the findings
in the AP and lateral views.

munologic response. In our cases, stable internal fixa-
tion augmented by autogenous iliac grafis usually al-
lowed sufficient time for the incorporation of the shaft.

The fatigue fracture (Case 15) may be explained by
the brittleness of the grafted bone and the weakness of
the graft-host junction. Therefore, retention of the met-

Figure 13.0verall results in the osteoarticular allograft cases
according 1o Mankin et al. (1982).

al implants seems to be beneficial. Should a fracture
occur in the graft-plate-host construct, it is most favor-
ableto haveitin the area of the host bone with a normal
healing tendency. Based on this point of view, we have
stopped removing the osteosynthesis implants.

The survival of transplanted cartilage has been ama-
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jor problem in many series (Parrish 1973, Alho et al.
1987). Obviously, the chondrocytes survive conven-
tional freezing poorly without a preservative (Salenius
et al. 1982). Therefore, based on the reports of the fa-
vorable effect of slow freezing with DMSO as a preser-
vative (Farrant 1980, Tomford et al. 1982), we have
begun to use such a preservation method.

In our early (Koskinen et al. 1979) and our present
analysis, the radiologically demonstrable cartilage de-
struction was haphazard, and was not correlated with
time after transplantation. In accordance with the re-
port of Parrish (1973), the cartilage deterioration was
not correlated with the knee function and pain. In this
respect the degenerating allograft reminds one of a
Charcot joint. It appears that the reinnervation of the
graft is poor, which explains the unexpectedly painfree
function of the deteriorating graft. Recent pain experi-
enced by some of our first patients may be explained by
the secondary destruction of the normal cartilage on
the opposite side of the joint after major destruction of
the transplanted joint surface. The use of fresh grafts
would probably reduce the cartilage survival problem.

Our results are comparable with two previous large
series of osteoarticular allograft replacement. Among
17 knee cases with a median follow-up of 3 (2-17)
years, Parrish (1973) had two graft failures and one re-
currence ending in amputation. Mankin et al. (1987)
had 15 percent poor results after 2 or more years.

Among seven segmental grafts, we had one graft
failure and two recurrences, one of which could be sal-
vaged with a tumor prosthesis. Mankin et al. (1983)
had no failures in 10 grafts. Heck et al. (1986) reported
two broken implants among 13 femoral and tibial tita-
nium fiber-metal segmental replacements that were
followed for a median of 2.5 (0.5-7) years.

All the series of replacements of large bone defects
are loaded with a considerable number of reoperations
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