
Introduction

In 1970, in a classic review article, Biesecker et al. [1]
wrote ‘‘the lack of understanding about the origin and

growth of aneurysmal bone cysts has led to an empirical
approach to their treatment’’. Thirty years later, despite
the persistent uncertainty of their origin, treatments
have improved, mostly owing to sclerotherapy and
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Abstract Objective: To determine
the efficacy of percutaneous sclero-
therapy in the treatment of aneu-
rysmal bone cysts. Materials and
methods: Seventeen patients (7
girls, 10 boys) with aneurysmal bone
cysts were treated by the percutane-
ous approach with Ethibloc (n=14)
and histoacryl glue (n=3) in our
institution between January 1994
and June 2000. The cysts were lo-
cated in the extremities (n=6), pelvis
(n=2), spine (n=2), mandible
(n=5), rib (n=1) and sphenoid bone
(n=1). Percutaneous sclerotherapy
was performed with fluoroscopic
and/or computed tomographic
guidance under general anesthesia.
Clinical and imaging follow-up las-
ted from 24 months to 9 years and 6
months (mean: 57.3 months). The
results were quantified as: excellent
(residual cyst less than 20% of the
initial involvement), satisfactory
(residual cyst 30–50%), unsatisfac-
tory (residual cyst more than 50%).
Results: The age of the patients
ranged from 4 years and 6 months to
15 years and 8 months (mean: 11

years and 2 months). In nine pa-
tients, the therapeutic procedure was
repeated 2–5 times. Excellent
regression was observed in 16 (94%),
satisfactory results in 1 (6%). There
was no failure (unsatisfactory result
or no response to treatment) in this
reported series. The complications
were minor and included: local
inflammatory reaction (n=2), small
blister (n=1), and leakage (n=1).
Relief of symptoms was achieved in
all patients. No recurrence was no-
ted during follow-up. Conclusion:
Percutaneous sclerotherapy of
aneurysmal bone cysts with Ethibloc
is safe and effective. It is an impor-
tant alternative to surgery, especially
when surgery is technically impossi-
ble or not recommended in high-risk
patients.
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arterial embolization. We report a retrospective study of
17 aneurysmal bone cysts (ABC) treated with sclero-
therapy, combined or not with surgery and arterial
embolization. The aim of our research was to provide
guidelines for the management of ABC in children
(Fig. 1).

Materials and methods

The records of 17 patients with ABC who underwent sclerotherapy
at the authors’ institution between January 1994 and June 2000
were reviewed.

Patients were referred for sclerotherapy by orthopedic surgeons.
Circumstances of diagnosis, topography, and size of the ABC are
summarized in Table 1. Multiple bone involvement was found in a
single case (patient 1, thoracic spine ABC). The diameter of the
lesion before sclerotherapy ranged from 1.6 to 12 cm (average
4.6 cm).

Pathological examination was available in nine cases. Patho-
logical material was obtained at the time of attempted surgical
excision in six cases (patients 1, 3, 5, 7, 12, 13), and after surgical
biopsy because of atypical radiological presentation in three cases
(patients 8, 11, 14). According to pathology, one ABC was asso-
ciated with ossifying fibromas (patient 7) and one with a unicam-
eral bone cyst (patient 12). Pathologic examination of the
mandibular lesion of patient 8 was compatible with a giant-cell
granuloma or an ABC. The others were considered as isolated ABC
(Fig. 2a, b, 3a, b, 4a–d).

The data collected for each case included: age, sex, circumstances
of diagnosis (incidental finding or clinical complaints), location, and
size of the ABC. Treatments were classified into three types: surgery,
arterial embolization, and sclerotherapy. Surgery was intralesional
(curettage) or extralesional (segmental or marginal ‘‘en bloc’’
resection). Embolization was performed with polyvinyl alcohol
particles under general anesthesia. Sclerotherapy was performed in
the angiographic suite or in the operating room using general
anesthesia. Direct puncture of the aneurysmal bone cyst with or
without CT-scan guidance was performed with a 20 or 18 G Disp
pencil-point needle (Cook, Bloomington, Ind.). When good venous
reflux was obtained, the ABC was opacified with contrast medium
under fluoroscopy. Digitalized subtraction angiograms were ob-
tained to evaluate both the draining venous system and the ABC
volume.Fig. 1 Algorithm for the management of aneurysmal bone cyst

366



T
a
b
le

1
A
n
eu
ry
sm

a
l
b
o
n
e
cy
st
s
(e
x
ce
ll
en
t
=

re
si
d
u
a
l
cy
st

le
ss

th
a
n
2
0
%

o
f
th
e
in
it
ia
l
in
v
o
lv
em

en
t,
sa
ti
sf
a
ct
o
ry

=
re
si
d
u
a
l
cy
st

3
0
–
5
0
%

)

P
a
ti
en
t

n
o
.

A
g
e
a
t

p
re
se
n
ta
ti
o
n

(y
ea
rs
)

S
it
e
o
f
th
e

cy
st

C
ir
cu
m
st
a
n
ce
s
o
f

d
ia
g
n
o
si
s

P
re
v
io
u
s

tr
ea
tm

en
t

L
a
rg
es
t

d
ia
m
et
er

b
ef
o
re

sc
le
ro
th
er
a
p
h
y

S
cl
er
o
th
er
a
p
y
-

n
o
.
se
ss
io
n
s-

a
g
en
t

R
es
u
lt
s

C
o
m
p
li
ca
ti
o
n
s

S
u
b
se
q
u
en
t

tr
ea
tm

en
t

1
6

T
4
,
T
3

P
a
in
,
ro
o
t

co
m
p
re
ss
io
n

N
o
n
e

4
0
m
m

1
H
is
to
a
cr
y
l

E
x
ce
ll
en
t

N
o
n
e

L
a
m
in
ec
to
m
y
/

cu
re
tt
a
g
e

2
1
1

M
et
a
ta
rs
a
l

P
a
in
,
sw

el
li
n
g

N
o
n
e

3
0
m
m

2
E
th
ib
lo
c

E
x
ce
ll
en
t

L
ea
k
a
g
e

N
o
n
e

3
1
3

M
et
a
ta
rs
a
l

P
a
in
,
sw

el
li
n
g

C
u
re
tt
a
g
e
(n
=

2
)

b
o
n
eg
ra
ft

2
0
m
m

2
E
th
ib
lo
c

E
x
ce
ll
en
t

S
m
a
ll

b
li
st
er

N
o
n
e

4
1
1

M
a
n
d
ib
le

S
w
el
li
n
g

N
o
n
e

3
0
m
m

1
E
th
ib
lo
c

E
x
ce
ll
en
t

L
o
ca
l

in
fl
a
m
m
a
ti
o
n

re
a
ct
io
n

N
o
n
e

5
1
5

S
a
cr
u
m

P
a
in
,
ro
o
t

co
m
p
re
ss
io
n

S
u
rg
er
y

in
te
rr
u
p
te
d

b
ec
a
u
se

o
f

h
em

o
rr
h
a
g
e

9
0
m
m

4
E
th
ib
lo
c

E
x
ce
ll
en
t

N
o
n
e

A
rt
er
ia
l

em
b
o
li
za
ti
o
n

6
8

H
u
m
er
u
s

P
a
th
o
lo
g
ic

fr
a
ct
u
re
s

N
o
n
e

1
0
0
m
m

1
E
th
ib
lo
c

E
x
ce
ll
en
t

N
o
n
e

N
o
n
e

7
2
1
/2

P
a
ra
n
a
sa
l

si
n
u
s

P
a
in

C
u
re
tt
a
g
e
(n
=

1
)

4
5
m
m

1
E
th
ib
lo
c

E
x
ce
ll
en
t

N
o
n
e

N
o
n
e

8
8

M
a
n
d
ib
le

M
a
ss

a
n
d
p
a
in

N
o
n
e

5
6
m
m

2
E
th
ib
lo
c

E
x
ce
ll
en
t

L
o
ca
l

in
fl
a
m
m
a
ti
o
n

re
a
ct
io
n

N
o
n
e

9
1
5

M
a
n
d
ib
le

In
ci
d
en
ta
l
fi
n
d
in
g

N
o
n
e

1
6
m
m

1
E
th
ib
lo
c

E
x
ce
ll
en
t

N
o
n
e

N
o
n
e

1
0

1
2

H
u
m
er
u
s

P
a
th
o
lo
g
ic
a
l
fr
a
ct
u
re

N
o
n
e

9
0
m
m

1
E
th
ib
lo
c

E
x
ce
ll
en
t

N
o
n
e

N
o
n
e

1
1

1
5

L
2

P
a
in
,
ro
o
t

co
m
p
re
ss
io
n

N
o
n
e

2
8
m
m

1
H
is
to
a
cr
y
l

E
x
ce
ll
en
t

N
o
n
e

S
u
rg
er
y
ex
ci
si
o
n

1
2

1
0

H
u
m
er
u
s

P
a
th
o
lo
g
ic
a
l

fr
a
ct
u
re
s

In
tr
a
le
si
o
n
a
l

st
er
o
id

(n
=

4
)

cu
re
tt
a
g
e

5
5
m
m

2
E
th
ib
lo
c

E
x
ce
ll
en
t

N
o
n
e

N
o
n
e

1
3

7
M
a
n
d
ib
le

P
a
in
,
sw

el
li
n
g

C
u
re
tt
a
g
e
b
o
n
e
g
ra
ft

3
0
m
m

2
E
th
ib
lo
c

E
x
ce
ll
en
t

N
o
n
e

N
o
n
e

1
4

1
2

A
ce
ta
b
u
lu
m

P
a
th
o
lo
g
ic
a
l

fr
a
ct
u
re

N
o
n
e

8
5
m
m

3
E
th
ib
lo
c

E
x
ce
ll
en
t

N
o
n
e

N
o
n
e

1
5

1
3

F
ib
u
la

P
a
in
,
w
a
lk

d
is
o
rd
er

N
o
n
e

5
5
m
m

1
E
th
ib
lo
c

E
x
ce
ll
en
t

N
o
n
e

N
o
n
e

1
6

1
2
1
/2

1
1
th

ri
b

In
ci
d
en
ta
l

fi
n
d
in
g

N
o
n
e

5
3
m
m

2
E
th
ib
lo
c

S
a
ti
sf
a
ct
o
ry

N
o
n
e

N
o
n
e

1
7

4
1
/2

S
p
en
o
id

b
o
n
e

P
to
si
s,

d
ip
lo
p
ia

S
u
rg
er
y

in
te
rr
u
p
te
d

b
ec
a
u
se

o
f
ri
sk

o
f
b
le
ed
in
g

3
5
m
m

1
H
is
to
a
cr
il

E
x
ce
ll
en
t

N
o
n
e

N
o
n
e

367



Ethibloc (Ethnor Laboratories/Ethicon, Norderstedt, Germany)
is a sclerosing agent not approved by the FDA. Ethibloc contains an
alcoholic (60%) solution of 210 mg zein (corn protein)/ml alcohol,
162 mg sodium diatrizoate/ml alcohol (as a radiopaque marker),
145 mg oleum papaveris/ml alcohol (which is added to keep the
substance sterile). Ethibloc is available in sterilized ready-to-inject
syringes (7.5 ml).

We diluted Ethibloc with 5 cm3 100% ethanol. A volume
equivalent to the estimated size of the ABC, as determined by
the volume of contrast material needed to fully opacify the lesion,
was injected under fluoroscopic control. If the venous drainage
was accessible, sclerotherapy was performed under manual com-
pression of the draining veins.

When the ABC was located in the spine or in the skull, we used
n-Butyl Cyanoacrylate (Histoacryl blue. Indermil; Loctite, Dublin,
Republic of Ireland). This embolic agent is diluted with lipiodol. It
is also not FDA approved.

When available, results of pathological examination were
recorded.

Radiographs, CT scans, and MRIs were reviewed from the
time the patients were referred to our institution to the end of
follow-up.

Results of therapy were classified as unsatisfactory, satisfac-
tory, or excellent. Unsatisfactory results were progression of the
lesion, recurrence, or more than 50% of residual cyst. Satisfac-
tory results were partial healing (stabilization with less than 50%
of residual cyst without clinical complaints). Excellent results
were noted when 80% or more of bone sclerosis was seen at
follow-up.

Results

The average age at the time of diagnosis was 11 years
and 2 months (range: 4 years 6 months to 15 years 8
months). There were ten males and seven females.

Follow-up ranged from 2 years to 9 years and 6
months (mean: 57.3 months, median: 54.5 months, SD:
28.7 months). There were 16 (94%) excellent results and
1 (6%) satisfactory result.

Six patients had previously undergone unsuccessful
surgery. In one patient (patient 5), surgery was inter-
rupted before excision because of massive hemorrhage.
The four remaining patients underwent a total of six
curettages with subsequent recurrence (patients 3, 7, 12,
13). Four curettages among the six required bone grafts.
No cryosurgery was performed. The average interval
between curettage and subsequent sclerotherapy was 9.4
months (range: 4–20 months). Patient 12 had four
intralesional injections of steroids prior to sclerotherapy
with Ethibloc.

Two patients underwent intraoperative sclerothera-
py. In patient 1 (spinal lesion) sclerotherapy was per-
formed in the operative room to reduce intraoperative
bleeding. In patient 17 (sphenoid lesion) surgical
exposure was mandatory because of the proximity of
cerebral structures, and sclerotherapy was not followed
by surgical excision.

If total opacification was not possible through a
single puncture, sclerotherapy was completed through
additional punctures. An alcoholic solution of zein
(Ethibloc; Ethnor Laboratories/Ethicon, Norderstedt,
Germany) was used in 14 patients. The 3 patients with
sphenoid and spinal ABC (patients 1, 11, 17) were
treated with cyanoacrylate (Indermil; Loctite, Dublin,
Republic of Ireland).

Eight patients had a course of 2–4 sequential sclero-
therapies and nine patients had a single session of
sclerotherapy (average: 1.7 procedures per patient). The
only adverse reaction was a transient leakage of alco-
holic zein in a metatarsal ABC.

Arteriography was performed in five patients
(patients 1, 5, 11, 14, 17): three before surgery to
reduce peroperative bleeding (patients 1, 11, 17) and

Fig. 2a, b Patient 14. Aneurysmal bone cyst of the left acetabulum
and ischium revealed by a fracture in a 12-year-old girl. a Plain
radiograph shows an expansile lesion with septa that involves the
left acetabulum and ischion. b Follow-up plain radiograph
obtained 48 months later after three sessions of sclerotherapy
shows excellent bone mineralization
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two before sclerotherapy because of the large size of
the ABC (patients 5, 14). In two cases without large
feeding arteries (patients 1, 14), embolization was not
performed. Arterial embolization was performed in the
remaining three patients. A branch of the internal iliac
artery was embolized in patient 5 (large ABC of the
sacrum), a lumbar artery embolized in patient 11
(spinal lumbar lesion), and a maxillary artery embol-
ized in patient 17 (sphenoid ABC).

Two patients with spinal lesion underwent surgery
after sclerotherapy: patient 1 (en bloc excision) and
patient 11 (curettage).

Discussion

The main controversy about ABC management is based
on whether pathological examination is mandatory or
not. Some authors do not believe that ABC are sec-
ondary to other lesions [2, 3, 4]. Even if ABC are con-
sidered secondary lesions, biopsy specimens from
curettage material could overlook the primary lesion
[4, 5]; then the only way to assess the lack of associated
lesion would be the pathological examination obtained

from a total excision. Such surgery implies massive bone
resection and bone reconstruction. According to a
number of authors [5, 6, 7, 8, 9, 10, 11, 12, 13] and in our
own experience, we believe that pathological examina-
tion is not mandatory when the clinical presentation and
radiological appearance are typical: secondary ABC
most often have radiological features that are charac-
teristic of their primary lesion [6, 14]. Furthermore, we
consider a copious blood return through the first punc-
ture a necessary requisite for diagnosis.

We do not intend here to review the radiological
criteria of ABC. Briefly, we consider a lesion typical of
ABC when the lesion is osteolytic eccentric or central
with circumferential expansion, expansile with cortical
thinning [15], and metaphyseal in location in long
bones [4, 15, 16]. Fluid-fluid levels seen with a CT
scan, MRI or US are not considered pathognomonic
[17].

The need for therapy and its efficiency are difficult
to assess since some ABC heal spontaneously [11] or
following a trauma (biopsy or pathologic fracture) [4].
The ideal treatment should be safe and permanent
without recurrences.

Extralesional excision is the most definite treatment
of ABC because it prevents recurrence [2, 10], but its
disadvantages are numerous: growth-plate injury, pro-
longed immobilization and hospitalization, and impor-
tant loss of bone, necessitating subsequent bone grafts
[4]. Therefore, intralesional excision (curettage) is the
most frequently performed surgery, but it is often
incomplete in large lesions because of massive intraop-
erative bleeding [10]. It leads to a 18 to 59% recurrence
rate [1, 3, 4, 5, 15, 16], depending on whether additional
cryosurgery is performed. Curettage is also associated
with a risk of epiphysiodesis [16]. Finally, surgical
approach may be difficult at certain sites.

Radiotherapy was recommended in inoperable cases
prior to the availability of sclerotherapy and arterial
embolization. The numerous and severe complications
of radiation therapy are well known (secondary osteo-
sarcomas, osteonecrosis, fusion of the growth plate,
gonadal damage, radiation myelopathy) [1, 2, 4, 15, 16,
17, 18].

Embolization of the feeding vessels was initially a
preoperative procedure performed to reduce intraoper-
ative bleeding [19, 20]. Thereafter, embolization was
shown to be effective after surgical failure [21] or as a
single therapy [10, 12, 22, 23]. However, ABC often
lack large feeding arteries to be embolized, and
repeated procedures are frequently required when
arterial embolization is selected as the single therapy
[10]. When the ABC is cranial or spinal in location, the
vicinity of arteries supplying the brain or the spinal
cord makes the procedure hazardous because of the
risk of aberrant emboli. Also, we recommend that only
histoacryl be used for cranial or spinal ABC considering

Fig. 3a, b Patient 2. An 11-year-old boy with an aneurysmal bone
cyst of the second metatarsus. a Plain film shows an expansile
lesion of the second metatarsus. b Follow-up plain radiograph
obtained 21 months later after two sessions of sclerosing treatment
shows complete reconstruction with normal bone volume and
mineralization
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the important inflammatory reaction induced by
Ethibloc.

Sclerotherapy is nowadays the primary treatment of
ABC for several authors because it is safe, easy to per-
form and cost effective, and far less aggressive than sur-
gery. Patients are discharged 6 h postprocedure, and they
do not have to be immobilized. Potential complications
are pulmonary embolism, osteomyelitis, and complica-
tions related to general anesthesia. Guilbaud et al. [8]
reported a case of aseptic osteitis that required prolonged
immobilization. None was observed in our series. Leak-
age of alcoholic zein is a well-known occurrence that has
no clinical significance following soft-tissue vascular
malformation sclerotherapy [8].

Several sclerosing agents have been proposed for the
treatment of benign bone cysts. Acetate of methyl pred-

nisolone did not demonstrate any efficiency in a series of
12 ABC reported by Scaglietti et al. [24]. We have no
experience with calcitonin and radionuclide, which
seemed to be efficient as the sole therapy in small series
[25, 26]. Alcoholic solution of zein was first used with
success in a series of four benign bone cysts (two uni-
cameral and two aneurysmal) by Adamsbaum et al. in
1993 [27]. Because we already had the expertise in using
Ethibloc in various vascular malformations, we decided
to use it in all but three patients who were treated with
cyanoacrylate because of the site of involvement (skull,
spine).

Indeed, there are special considerations in the man-
agement of ABC located near the brain or the spinal
cord. Sclerotherapy must be achieved with much care
because of risk of leakage or an erroneous course of the
sclerosing agent in the surrounding veins with sub-
sequent central nervous injury. To diminish the risk of
regional inflammation and erroneous emboli in spinal
and juxta cerebral ABC, we have chosen to use cyano-
acrylate rather than Ethibloc. If there are severe neu-
rological signs at presentation, early decompression is
mandatory and preoperative arterial embolization and/
or simultaneous sclerotherapy significantly reduce per-
operative bleeding. When surgical decompression is
hazardous (possible damage to neural structures, mas-

Fig. 4a–d Patient 5. A 15-year-old girl with right root compression
operated on for resection of the expansile lytic bone lesion. The
surgery was limited because of important bleeding. a Computed
tomography before sclerosing treatment shows an expansile lesion
of the right sacrum (patient in prone position). bMR imaging (FSE
T2:3600/90) reveals a high signal intensity lesion in the right
sacrum. c Two years 10 months later, follow-up CT-scan
performed after four sessions of sclerosing treatment reveals an
excellent reossification of the sacral bone. d MR imaging (IRFSE:
3600 /172/126 confirms the result
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sive hemorrhage) sclerotherapy alone can be sufficient,
as demonstrated in patient 17 (sphenoid ABC), whose
neurological deficits progressively subsided following
sclerotherapy.

In our initial experience, several sessions of sclero-
therapy were performed within a year. With further
expertise we have reached the conclusion that one
should wait 9–12 months to evaluate the induced scle-
rosis and perform additional sclerotherapy only if some
cysts remain.

In patient 13, the third sclerotherapy session was
cancelled because there was no blood return after
puncture of the sole remaining cyst; the latter had
probably become a ‘‘solid variant of ABC,’’ which rep-
resents a lesion at a reparative stage that rarely recurs
after curettage [26, 27, 28, 29].

Since the aim of the treatment is to avoid pain,
pathological fractures and the progression of the lesion,

partial sclerosis (more than 50%) without growing of the
ABC is considered a satisfactory result.

Post-treatment follow-up should be at least 24
months, as most recurrences take place within 2 years
[3, 10, 15, 16]. It could be shorter if radiographic evi-
dence of complete sclerosis and absence of clinical
symptoms are recorded. CT scan and radiographs are
the best modalities to assess the reossification.

Our algorithm for the management of ABC is sum-
marized in Fig. 1.

We believe that sclerotherapy is the treatment of
choice for aneurysmal bone cyst because it is far less
aggressive than surgery and more effective. Early surgery
remains mandatory if there are neurological symptoms
in spinal and juxta cerebral locations, but preoperative
sclerotherapy dramatically reduces intraoperative blood
loss.
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