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Abstract Two cases of induced healing of aneurysmal
bone cyst (ABC) following intralesional implantation of a
bone paste made of autogeneic bone marrow and allo-
geneic bone powder are reported. The calcaneum in one
case and the superior pubic ramus in the other were blown
out by an ABC and would have required extensive
surgery. Via a minimal exposure, the cyst was partially
evacuated and filled with an admixture of a partially dem-
ineralized bone particles with bone marrow. Ossification
of the peripheral shell was the first sign of healing and
was observed within the first 3 postoperative months.
Successful healing was observed in both cases. The ratio-
nale underlying this intralesional treatment was that the
bone grafting material might reverse ABC expansion by
promoting ossification through a bone induction mecha-
nism. The concept of this treatment was to retain the ABC
tissue, using its own intrinsic osteogenic potential to pro-
mote healing. By triggering intralesional new bone forma-
tion, the bone paste represented an effective means to re-
verse the expanding phase of ABC. The particulated bone
allograft was easy to handle and to introduced in an irreg-
ular cavity. Moreover, as a complete cyst evacuation was
not required, a minimal surgical approach could be used
so that the risks and morbidity associated with an exten-
sive approach were reduced. Its use is of particular inter-
est in poorly accessible areas like the pelvis and spine.

Introduction

Aneurysmal bone cyst (ABC) is a benign lesion com-
posed of cyst-like walls that are filled with blood [6, 21].
The course of ABC may be very perplexing. The growth
of this pseudotumoral lesion can be impressive, with rapid
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expansion in the bone that will be progressively blown
out. ABC may also recur after curettage and bone graft-
ing. Conversely, cyst maturation with subsequent ossifica-
tion may be observed either spontaneously or after inci-
sional biopsy. Spontaneous healing of ABC has been re-
ported by Malghem et al. [20] but is only rarely observed.
Healing after biopsy alone was noted in 3% of the cases
by Campanacci et al. [5]. Selective arterial embolization
has also been reported to favour ABC maturation [5, 12,
22]. Recurrence occurred in about 12%-21% of the cases
that were freated by curettage and bone grafting and in
22% of those treated by curettage and radiotherpay [3,
17]. The treatment of choice today remains complete
curettage of the cyst or even an extraperiosteal excision of
the lesion followed by bone grafting [5, 6, 9]. However, in
poorly accessible locations like the pelvis and spine, pref-
erence is now given to arterial embolization [6, 12].

Although the true pathogenetic mechanism of ABC
formation and evolution is unknown, most authors con-
sider ABC as a reactional bone response to haemorrhage
[6, 10, 21]. As some ABC exhibit a self-healing capacity,
whether spontaneously or after biopsy, and the cystic-like
walls contain spotty osteoid or woven bone trabeculae,
meaning that ABC do have an intrinsic potential of new
bone formation, we attempted in two difficult cases with a
“blowout” lesion to promote ossification of ABC by the
implantation of a partially demineralized bone powder
that was supplemented with autogeneic bone marrow
through a minimal surgical exposure. Successful healing
was observed.

Case reports

Case 1

A 16-year-old girl had a 2-year history of left heel pain. The heel
was dramatically enlarged, and she had not been able to wear
shoes or bear weight in the 2 years since she was originally re-
ferred. Roentgenograms demonstrated a “blowout” calcaneum,
suggesting an ABC that was confirmed by open biopsy (Fig. 1a).
She had been treated for the past 2 years with 14 corticosteroid in-
Jections (80-120 mg of methylprednisolone acetate per injection)
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Fig.1la—e Case 1. Lateral radiographs of the “blow out” calca-
neum and the aneurysmal bone cyst (ABC) and its progressive
healing after bone paste implantation. a Preoperative lateral radio-
graph of the calcaneum. b Immediate postoperative lateral radio-
graph showing the incomplete packing of the cyst by the partially
demineralized bone particles. ¢ Four-month aspect of the calca-
neum on the lateral radiograph showing a well delineated periph-
eral shell of new bone. d Progressive development of an irregular
ossification throughout the cavity at 16 months after surgery. e
Lateral radiograph at 32 months after surgery showing the en-
larged but fully ossified calcaneum which required surgical reduc-
tion twice to allow her to wear shoes

Fig.2 Clinical aspects of the calcaneum (case 1): a preoperative
aspect of the expanded calcaneum; b final aspect of the calcaneum
after two surgical reductions of the bone mass

Fig.3 a Preoperative computed tomogram (CT) of the ABC of the
calcaneum. Typical “blowout” appearance with presence of a
fluid-fluid level. b Four-month postoperative CT of the same cal-
caneum. Persistence of a faint fluid-fluid level. Presence of a dis-
tinct peripheral bony shell and internal septa

and cast immobilization without any effect. The calcaneum was
laterally approached via a limited exposure, and the cyst was par-
tially curetted. A bone paste obtained by mixing 10 cc of bone
marrow with 16 g of partially demineralized bone powder was in-
troduced through a syringe into the cavity, leading to only incom-
plete filling of the cyst (Fig. 1b). The postoperative course was un-
eventful. Roentgenograms showed that the whole cavity was not
fully packed with the bone grafting material. Four months after

surgery, the cyst was completely delineated by a thin shell of new
bone (Fig. 1¢). Intralesional osteogenesis became evident at 4-5
months with a meshwork of non-oriented trabecular bone. The im-
planted granular material was progressively embedded in new
bone which was only formed within the original limits of the cyst.
Ossification of the “blowout” calcaneum was progressively
achieved (Fig.1d). Twenty months later, the expanded bone mass
was reduced and remodelled by surgical osteotomy, using the first
approach. Two years after initial surgery, the bone volume was
further reduced via a medial exposure (Fig. 1€). This two-step re-
duction of the ossified cyst allowed normal shoe wear and gave a
satisfactory cosmetic appearance (Fig. 2). Computed tomograms in
the first postoperative year demonstrated the persistence of
aneurysmal tissue, with some typical horizontal fluid levels in the
cystic spaces that were delineated by an irregular network of new
trabecular bone (Fig.3). Histological analysis of the healed bone
retrieved at 20 and 28 months showed that some residual cavities
of ABC separated by septa of fibrocellular and fibroadipose tissues
were still present at 20 months (Fig.4), whereas at 28 months, only
dense fibrous tissue and adipose marrow could be found. The fol-
low-up period is now 52 months.

Case 2

A 19-year-old girl was referred for a biopsy-proven ABC of the
right superior pubic ramus that had caused pain in the groin for 3
months. In September 1991, she underwent a preoperative arterial
embolization and immediately afterwards a curettage and bone
grafting with freeze-dried bone allografts through an ilioinguinal
approach. The ABC was confirmed at histology. On roentgeno-
grams, the lesion progressed, with further enlargement of the ex-
pansile lytic process and resorption of the bone grafts (Fig.5a).



Fig.4 Section of a specimen
taken from the calcaneum at
the time of surgical reduction,
20 months after the initial
surgery. Residual cavities of
ABC separated by septa of fi-
brocellular and fibroadipose
tissues are still present.
(Haematoxylin and eosin; orig-
inal magnification x 125)

Fig.5a—d Case 2. Destruction of a superior pubic ramus by an
ABC and its induced healing. a Recurrent, aggressive ABC of the
superior pubic ramus after arterial embolization, curettage and
bone grafting. b Early postoperative anteroposterior radiographs,
2.5 months after surgery. The ABC is delineated by a bony shell.
Incomplete packing of the cavity by the granular material can be
seen. ¢ Progressive ossification of the cyst at 5 months postopera-
tively. d Aspect of the ossified lesion on anteroposterior radi-
ograph at 21 months after surgery

Through a limited incision at the pubis, the cyst was partially evac-
uated and curetted. Twenty mililiters of autologous bone marrow
were aspirated from the iliac crest and mixed with 25 g of partially
demineralized, freeze-dried bone particles to make a paste that was
introduced as far as possible with the finger into the cavity. The
postoperative course was uneventful, with rapid disappearance of
the pain. Ossification of the peripheral shell was the first sign of
cyst healing. The cyst reached the healing phase, characterized by
gradual ossification and development of an irregular bony mass
(Fig.5). Partial weight-bearing was allowed at 6 weeks, while full
weight-bearing was resumed at 4 months. The follow-up is now 38
months.

Materials

Bone particles were prepared as follows: sterilely pro-
cured lower limb bone diaphyses were selected from our
bone bank. Selection of the donors was made according to
the guidelines issued by the American Association of Tis-
sue Banks (AATB) [1] and the European Association of
Musculoskeletal Transplantation (EAMST) [14, 16]. They
were kept frozen at —80°C until preparation. While still
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Fig.6 Partially demineralized and pulverized bone allograft is
mixed with autogenous bone marrow to obtain a paste that will be
introduced into the cavity

refrigerated, they were sawn into small pieces and milled
to a powder of less than 1-mm particle size under running
water (Retsch, Cross beater mill type SK1, Haan, Ger-
many). The powder was sieved to retain the fraction be-
tween 200 and 800 um. Defatting and dehydration were
carried out with a 1:1 (v/v) chloroform-methanol solution
for 3 h and rinsed in methanol for 1 h. Partial demineral-
ization of the bone was achieved with 0.6 N hydrochloric
acid (HCL) (15 ml/g of bone) for 15 h at 4°C. The pow-
der was rinsed several times in water, freeze-dried and fi-
nally gamma-irradiated at a dose of 25 kGy [13]. Before
being implanted, the powder was mixed with bone mar-
row to obtain a paste (Fig. 6).

Discussion

Treatment of a largely expanded ABC lesion may prove
very perplexing and difficult. Firstly, in rare instances,
spontaneous healing has been reported [20], while ABC
regression has also been observed either after biopsy [35,
25] or therapeutic embolization [5, 12, 22]. Secondly, in
sites such as the pelvis or spine, or when the size of the
cyst is particularly large, the recommended surgical treat-
ment of extraperiosteal excision and bone grafting makes
surgery difficult and risky. Under such circumstances, be-
ing able to reverse the expansile activity of the cyst into
the healing phase with minimal surgery would be ex-
tremely rewarding. Filling the ABC with bone powder
proved to be successful, with subsequent healing and no
recurrence of aggressive activity in these cases.

The rationale underlying this intralesional treatment
was that the admixture of a partially HCl-demineralized
bone powder with bone marrow might reverse the cyst ex-
pansion through a bone induction mechanism. It has been
known for several years that intramuscular or subcuta-
neous implantation of completely demineralized bone ma-

trix can promote a sequence of events leading to new bone
formation [15, 23, 27, 28]. Whereas the induction phe-
nomenon with this system is constant in rodents, the
observed response remains inconstant and minimal in
long-lived animals [3, 18, 24]. However, as new bone for-
mation in dogs could be more consistently induced if
partially instead of completely demineralized bone was
used [13], the bone particles were only partially deminer-
alized.

A successful osteoinduction requires not only an ade-
quate release of bone morphogenetic proteins (BMP) but
also the presence of responding cells. ABC represents a
reactive repair tissue that has the intrinsic capacity of self-
healing [6]. It is a common finding to observe in ABC
spotty slivers of woven bone in the walls of the cyst which
exhibit a fibroblastic or mesenchymal cellular exuberance.
It was hypothesized that these cells would be able to re-
spond to the osteoinductive bone particles. Supplementa-
tion of autologous bone marrow cells to bone matrix has
been shown to increase osteogenesis by both its own
bone-forming capacity and the supply of responding cells
for BMP [2, 19, 26, 30]. Since demineralized bone matrix
and bone marrow were used in combination, it is impossible
to determine whether the effects were due to the inductive
properties of the matrix or the introduction of osteogenic
cells or growth factors contained in the marrow. Whether
bone marrow alone would have been sufficient to reverse
the osteolytic activity of the cyst cannot be answered by
the present investigation. The aim of our freatment in
these two dramatic clinical observations was an attempt to
stimulate maturation of the tumour with a conservative
approach to avoid extensive surgery that would have other-
wise been necessary.

The final shape of the new bone will correspond to the
one developed by the cyst at the time of surgery. The pres-
ence of aneurysmal tissue left in place by the incomplete
curettage did not prevent the ossification process.

The first sign of healing was the early appearance of a
complete peripheral shell of new bone which was ob-
served within the first 3 months after surgery. A sponta-
neous healing of the cyst induced by the incomplete curet-
tage appears unlikely as on preoperative roentgenograms
both cysts were in the active growth phase, considered ag-
gressive according to criteria developed by different au-
thors [5, 11, 20, 29], and a surgical biopsy had already
been done with a long observation period in the first case
and arterial embolization and a failed bone grafting proce-
dure for the second case.

This limited experience shows that the inductive mate-
rial represents an effective means to reverse the expand-
ing phase of an ABC lesion to its reparative phase with re-
sultant ossification of the cyst. The particulated bone allo-
graft can be easily manipulated for introduction into an ir-
regular cavity. Such material could be substituted in the
future by more purified osteogenic material such as re-
combinant human osteogenic protein [8] or bone morpho-
genetic proteins [7, 31]. Moreover, as only minimal surgi-
cal exposure is required to implant the powder, the risks
and morbidity associated with an extensive approach are



avoided, particularly in areas when surgical access is dif-
ficult, like the pelvis and spine. It might therefore repre-
sent a potential improvement over conventional forms of
surgical treatment, but further clinical series are required
for confirmation.

Acknowledgements We gratefully acknowledge Prof. Mario
Campanacci for his valuable advice and comments in reviewing
the manuscript.

References

1. American Association of Tissue Banks (1987) Standards for
surgical bone banking. AATB, Arlington
2. Ashton BA, Allen TD, Howlett CR, Eaglesom CC, Hattori A,
Owen M (1980) Formation of bone and cartilage by marrow
stromal cells in diffusion chambers in vivo. Clin Orthop 151:
294-301
3. Aspenberg P, Lohmander LS, Thorngren KG (1988) Failure of
bone induction by bone matrix in adult monkeys. J Bone Joint
Surg [Br] 70:625-627
4. Biesecker JL., Marcove RC, Huvos AG, Mike V (1970)
Aneurysmal bone cysts. A clinicopathologic study of 66 cases.
Cancer 26:615-625
5.Campanacci M, Capanna R, Picci P (1986) Unicameral and
aneurysmal bone cysts. Clin Orthop 204 :25-36
6.Campanacci M (1990) Aneurysmal bone cyst. In: Campanacci
M (ed) Bone and soft tissue tumors. Springer, Berlin Heidel-
berg New York, pp 725-751
7.Celeste AJ, lannazzi JA, Taylor RC, Hewick RM, Rosen V,
Wang E, Wozney JM (1990) Identification of transforming
growth factor 3 family members present in bone-inductive pro-
tein purified from bovine bone. Proc Natl Acad Sci USA 87:
9843-9847
8.Cook SD, Baffes GC, Wolfe MW, Sampath TK, Rueger DC,
Whitecloud I TC (1994) The effect of recombinant human os-
teogenic protein-1 on healing of large segmental bone defects.
J Bone Joint Surg [Am] 76:827-838
9.Cottalorda J, Bollini G, Panuel M, Scheiner C, Jouve JL,
Labriet C, Bouyala JM (1993) Le kyste anévrysmal des os chez
I’enfant. Rev Chir Orthop 79:272-280
10.Dabezies EJ, D’Ambrosia RD, Chuinard RG, Ferguson AB
(1982) Aneurysmal bone cyst after fracture: a report of three
cases. J Bone Joint Surg [Am] 64:617-621
11.Dabska M, Buraczewski J (1969) Aneurysmal bone cyst:
pathology, clinical course and radiologic appearances. Cancer
23:371-389
12. DeCristofaro R, Biagini R, Boriani S, Picci P, Rugieri P, Rossi
G, Fabbri N, Roversi R (1992) Selective arterial embolization
in the treatment of aneurysmal bone cyst and angioma of bone.
Skeletal Radiol 21:523-527
13.Delloye C (1990) The bridging capacity of a cortical bone de-
fect by different bone grafting materials and diaphyseal dis-
traction lengthening. Thesis, Catholic University of Louvain

145

14. Delloye C (1993) Current situation and future of tissue banking
in orthopaedics. In: Duparc J (ed) Post graduate lectures of Eu-
ropean Federation of National Association of Orthopaedics and
Traumatology (EFORT). Masson, Paris, pp 161-172

15.Einhorn TA, Lane JM, Burstein AH, Kopman CR, Vigorita VJ
(1984) The healing of segmental bone defects induced by dem-
ineralized bone matrix. A radiographic and biomechanical
study. J Bone Joint Surg [Am] 66:274-279

16. European Association of Musculoskeletal Transplantation
(1994) Standards for tissue banking and current developments.
EAMST, Brussels

17. Farsetti P, Tudisco C, Pentimalli G, Ippolito E (1990) Aneurys-
mal bone cyst. Long-term follow-up of 20 cases. Arch Orthop
Trauma Surg 109:221-223

18.Johnson EE, Urist MR, Schmalzried TP, Chotivichit A, Huang
HK, Finerman GA (1989) Autogeneic cancellous bone grafts in
extensive segmental ulnar defects in dogs. Clin Orthop 243:
254-265

19. Lindholm TS, Nilsson OE, Lindholm TC (1982) Extraskeletal
and intraskeletal new bone formation induced by demineralized
bone matrix combined with bone marrow cells. Clin Orthop
171:251-255

20.Malghem J, Maldague B, Esselinckx W, Noél H, De Nayer P,
Vincent A (1989) Spontaneous healing of aneurysmal bone
cysts. A report of three cases. J Bone Joint Surg [Br]71:645~
650

21.Mirra J (1989) Aneurysmal bone cyt. In: Mirra J (ed) Bone tu-
mors. Lea & Febiger, Philadelphia, pp 1267-1311

22.Murphy WA, Strecker WB, Schoenecker PL (1982) Trans-
catheter embolisation therapy of an ischial aneurysmal bone. J
Bone Joint Surg [Br]64: 166-168

23.Reddi AH, Wientroub S, Muthukumaran M (1987) Biologic
principles of bone induction. Orthop Clin N Am 18:207-212

24.Schwarz N, Schlag G, Thurnher M, Eschberger J, Dinges HP,
Redi H (1991) Fresh autogeneic, frozen allogeneic and decalci-
fied allogeneic bone grafts in dogs. J Bone Joint Surg [Br]73:
787-790

25.Scott I, Connell DG, Duncan CP (1986) Regression of aneurys-
mal bone cyst following open biopsy. J Can Assoc Radiol 37:
198-200

26.Takagi K, Urist MR (1982) The role of bone marrow in bone
morphogenetic protein-induced repair of femoral massive dia-
physeal defects. Clin Orthop 171 :224-231

27.Urist MR (1965) Bone: formation by autoinduction. Science
150:893-899

28. Vandersteenhoven JJ, Spector M (1983) Histological investiga-
tion of bone induction by demineralized allogeneic bone ma-
trix: a natural biomaterial for osseous reconstruction. J Biomed
Mater Res 17:1003-1014

29. Wilner D (1982) Radiology of bone tumors and allied disor-
ders. Saunders, Philadelphia, pp 1003—-1103

30. Wittbjer J, Palmer B, Rohlin M, Thorngren KG (1983) Osteo-
genetic activity in composite grafts of demineralized compact
bone and marrow. Clin Orthop 173:229-238

31. Wozney JM, Rosen V, Celeste AJ, Mitsock LM, Whitters M1J,
Kriz RW, Hewick RM, Wang EA (1988) Novel regulators of
bone formation: molecular clones and activities. Science 242 :
1528-1534



