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and the aneurysmal bone cyst (ABC). Whereas the clinical symptoms and the radiographic appearance
can be similar, the diagnostic pathway and the treatment options are clearly different.

The solitary bone cyst (SBC) represents a tumor-like bone lesion, occurring most frequently in the
humerus and femur in children and adolescents. Pain caused by intercurrent pathological fractures is
often the first symptom, and up to 87% of the cysts are associated with pathological fractures. In the
Solitary bone cyst majority of cases SBCs can be treated conservatively, especially in the upper extremity. However, if a frac-
Simple bone cyst ture is completely dislocated, joint affecting, unstable or open, surgical treatment is necessary. Pain under
Juvenile bone cyst weight bearing or regaining the ability to mobilize after fracture timely can necessitate surgical treat-
ment in SBCs affecting the lower extremity. Spontaneous resolution can be seen in rare cases.

The aneurysmal bone cyst (ABC) is a benign, locally aggressive tumor that occurs in childhood and early
adulthood. It usually affects the metaphysis of long bones but can also occur in the spine or the pelvis.
ABC can be primary but also secondary to other bone pathologies. The diagnosis has to be confirmed
by biopsy and histopathological examinations. With cytogenetic studies and the detection of specific
translocations of the ubiquitin-specific protease (USP) 6 gene primary ABCs can be differentiated from
secondary ABCs and other bone lesions. Among various modalities of treatment i.e. en bloc resection,
intralesional curettage with adjuvants, embolization or the systemic application of denosumab, intrale-
sional sclerotherapy using polidocanol is an effective and minimally invasive treatment of primary ABCs.
© 2021 The Author(s). Published by Elsevier GmbH. This is an open access article under the CC BY-NC-ND

license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Solitary (SBC) and aneurysmal bone cysts (ABC) are benign,
fluid filled bone lesions. They appear in childhood or early adult-
hood. The clinical symptoms and the radiographic appearance
can be similar, but the diagnostic pathway and the treatment
options are clearly different.

1. Solitary bone cysts

Solitary bone cysts (SBCs) were first described by the german
pathologist Rudolph Virchow in 1876 [1]. They are benign, single
chambered and fluid filled.

1.1. Epidemiology

The average age of onset is 8-14 years [2]. The male-to-female
ratio is 2:1 to 4:1 [3].

1.2. Localization

SBCs represent tumor-like bone lesions, occurring most fre-
quently in the proximal aspect of the humerus and femur in chil-
dren and adolescents [4].

1.3. Clinical symptomatology and radiographic findings

The majority of patients with SBCs is asymptomatic and the
diagnosis is mainly incidental. If symptomatic, pain caused by
intercurrent pathological fractures is often the first symptom,
and 63-87% of the cysts are combined with pathological fractures
[5]. SBCs show specific radiographic features on conventional
radiographs and MRI scans (Fig. 1). Usually, they appear as a cen-
trally located, radiolucent, well-marginated and slightly expansile
lesion in the proximal metaphysis [4]. In MRI scans non or only a
few septae and fluid-fluid levels compared to aneurysmal bone
cysts can be seen. Pathological fractures may occur due to thinned
and weakened cortex. The fallen leave sign is a typical radiographic
finding [6]. In case of pathological fracture patients are often una-
ware of the presence of a preexisting cystic bone lesion.

1.4. Histological findings

Histologically, the wall of the cyst is lined with a thin fibrous
membrane. The membrane contains immature, calcified, flakey
cement-like bone matter. In case of fracture, the fibrous membrane
thickens, becoming cellular, with fibroblastic reaction, osteoclastic
giant cells, inflammatory cellular elements and hemosiderin and
cholesterol deposits [7].

1.5. Etiology and pathogenesis
For explaining the pathogenesis of SBCs various hypotheses

were formulated. Among them bone resorptive properties of the
cyst lining, vascular obstruction, increase in intra-cavitary osseous

pressure, inflammation or traumatic causes are proposed as cause
for the genesis [8-11].

1.6. Treatment

For symptomatic SBCs different treatment options of SBCs are
controversially discussed in literature, mainly regarding the partic-
ularities of the affected limb, possible growth plate involvement
and the presence and type of a pathological fracture. Among the
therapeutical options are simple observation [12], decompression
of the cyst with screws or nails [13], intracavitary injection of ster-
oids and autologous red bone marrow [14], intralesional curettage
and defect reconstruction with bone substitute [15] or elastic
intramedullary nailing [2] with or without use of bone marrow
and/or bone substitute. In case of pathological fracture, conserva-
tive and different surgical treatment modalities are discussed
[12]. As the cysts tend to resolve spontaneously after puberty
[16] every surgical procedure has to be critically discussed with
the patient and his family. Hardes et al. [13] regard a stable situa-
tion without clinical symptoms, lack of radiographic progression of
the cyst or an incomplete healing as an acceptable intermediate
result. In a recent study of our institution, we analyzed 68 cases
of SBCs who underwent a conservative or surgical treatment
between 2009 and 2020. The patient collective included 50 male
(73.5%) and 18 female (26.5%) patients with a mean age of
9.1 years. The most common locations were the proximal humerus
(69.2%) and femur (16.2%). In 43 cases (63.2%) a pathological frac-
ture occurred. 50 patients (73.5%) underwent a conservative treat-
ment. In 11 cases (16.2.1%; upper limb n =4, lower limb n=7) an
intralesional curettage and defect reconstruction with bone substi-
tute without stabilization were performed. Five patients (7.3%)
received an osteosynthesis, in two cases (2,9%) combined with an
intralesional curettage and defect reconstruction with bone substi-
tute. All 32 pathological fractures treated conservatively, healed
within six weeks; 17/43 patients (39.5%) suffered at least one sec-
ond fracture. After intralesional curettage and defect reconstruc-
tion with bone substitute local recurrence was observed in 5/13
cases (38.5%). Spontaneous consolidation, at least partially, was
observed in three cases (4.4%) following conservative treatment
after fracture. No relevant secondary angular or torsional defor-
mity was observed after treatment (Fig. 1). Nevertheless, the abso-
lute volume of SBCs increased due to the natural bone growth of
children and adolescents. Ambacher et al. [12] did not see the need
for surgical intervention in every case of SBC. In uncomplicated
cysts with or without pathological fracture the authors rather
underlined the possibility of spontaneous healing. However, the
authors considered surgical treatment in completely dislocated,
joint affecting, instable or open fractures [12]. In such cases, elastic
intramedullary nailing was described as surgical treatment option
with or without the use of bone substitute [2]. Irrespective of the
affected limb Rapp al. [17] recommended elastic intramedullary
nailing in combination with artificial bone substitute and autolo-
gous platelet rich plasma to treat pathological fractures due to
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Fig. 1. Imaging of a 6-year-old male patient with SBC and pathological fracture of the proximal humerus. Anteroposterior and lateral radiographs showing the fracture with
10° axis deviation in the lateral plane (a). Anteroposterior and lateral radiographs four weeks after conservative treatment showing progressive consolidation of the fracture
(b). Anteroposterior and lateral radiographs (c) and MRI scans (d) twelve months after fracture showing partial sclerosis of the SBC and complete consolidation of the fracture.

SBCs. Zhang et al. [2] saw significant advantages in bone healing
and recurrence rates in a comparative study between the treat-
ment of SBCs by intralesional curettage with and without addi-
tional nailing in favour of the combined technique.

Generally, it has to be called into question if intramedullary
nailing without curettage of the cyst is advisable in case of an
uncomplicated fracture of the upper extremity. As every fracture
in in the above-mentioned study of our institution healed without
secondary axis deviation under conservative treatment timely, the
necessity of an operative treatment only for stabilization of the
fracture without addressing the underlying cyst is questionable.

Intralesional curettage with filling up the resulting cavity with
bone substitute is a common surgical procedure in case of a symp-
tomatic SBC and an alternative treatment to simple observation.
Curettage and defect reconstruction with bone substitute in cases
without pathological fracture are performed due to pain under
weight bearing in the lower extremity and due to the prevention
of frequent fractures of the humerus in the upper extremity. After
intralesional curettage and defect reconstruction with bone substi-
tute complete healing of the cyst can be observed in one-third of
the cases, while a local recurrence can be expected in 30-40% of
the patients [2]. Traub et al. reported no recurrence of SBCs after
curettage and local steroid application in a small cohort of eight
patients. In contrast the authors described failure rates after initial
treatment of 36.6% with steroids, 50.0% with intramedullary nail-
ing alone and 21.4% with intramedullary nailing and additional

steroid application [4]. Sakamoto et al. achieved promising results
in a study with 13 patients with SBCs treated surgically by curet-
tage and local steroid injection [18]. Only one of the 13 patients
in this study developed a pathological fracture and underwent
bone grafting. The remaining 12 patients achieved bone consolida-
tion, after an average of 1.6 injections. Nevertheless, due to the low
number of patients in the above-mentioned studies, larger, espe-
cially prospective studies are necessary to verify the described
treatment success.

Concluding, symptomatic but unfractured SBCs of the upper
extremity do not need any treatment. Regarding the uncompli-
cated healing potential and the lack of relevant secondary axis
deviations the majority of pathological fractures caused by SBCs
of the upper extremity can successfully be treated conserva-
tively. However, if the fracture is completely dislocated, joint
affecting, unstable or open, surgical treatment is advisable. In
symptomatic SBCs affecting the lower extremity surgical treat-
ment is recommended in most cases with pathological fracture
to regain the ability to mobilize timely and to prevent secondary
axis deviations. Contrary to the upper limb surgical stabilization
can also be considered in symptomatic unfractured SBCs of the
lower extremity due to load-dependent pain and increased risk
of fracture. In these conditions intralesional curettage and defect
reconstruction with bone substitute might be preferable. How-
ever, the considerable risk of local recurrence has to be
considered.
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Fig. 2. Solid parts of an ABC showing scattered mononuclear lesional cells intermingled with multinuclear giant cells and well discernible osteoid formation.

2. Aneurysmal bone cyst

The aneurysmal bone cyst (ABC) was first described by Jaffé and
Lichtenstein in 1942 [19]. It is a relatively rare, benign, mostly local
aggressive bone tumor that occurs in childhood and early
adulthood.

2.1. Epidemiology

For ABCs the literature describes a percentage of 1-6% of all pri-
mary, benign bone tumors [20-24]| and an incidence of 0.14/
100.000 per year [20,24-26]. ABCs occur in 75-90% in patients
younger than twenty years [7,21,24] but can also occur in any older
age [20,27,28]. Regarding the gender distribution, some authors
describe an equal incidence for both genders, other authors as for
example Leithner et al. [26] describe a higher incidence for females
[19,21,24-27].

2.2. Localization

Most common localization are the metaphysis of long bones
and the posterior part of spine, but ABCs can also affect any other
localization [20,21,24,27,29-31].

2.3. Clinical symptomatology and radiographic findings

Patients usually complain of pain and swelling in the affected
region and sometimes pathological fractures can be observed. In
plain radiographs a relatively well-defined osteolytic, “expansile”
lesion with possible blow out of the periosteum and a soap-
bubble appearance can be found [7,21,24,29,31]. The magnetic res-
onance imaging shows cystic formations with typical fluid-fluid
levels due to blood sedimentation [22]. A biopsy is compulsory,
and the results of the histopathological examinations have to be
seen in synopsis with the clinic history, the radiographs and MR
scans.

2.4. Histological findings

Histologically, an ABC appears as solitary, multicystic lesion,
which grows rapidly and locally destructive [23]. Septae of variable

thickness divide the ABC in numerous blood-filled cavities of dif-
ferent sizes [23,24,27,32]. The fibrous septae consist of
osteoclast-like giant cells, stromal mononuclear cells, spindle cells
and even small strands of osteoid and reactive woven bone (Fig. 2).

2.5. Etiology and pathogenesis

The precise etiology and pathogenesis of ABCs are not fully clar-
ified. Former theories explained the “characteristic spaces by refer-
ence to unspecified hemodynamic disturbances or arteriovenous
fistulae” [33-35]. These theories are no longer accepted for pri-
mary ABCs [7]. Since Panoutsakopoulos et al. [36,37] and Oliveira
et al. [37-39] demonstrated that a recurrent chromosome aberra-
tion t(16;17) (q22;p13) leads to a fusion gene of the entire
ubiquitin-specific protease 6 (USP6 alias Tre2) coding sequence
at 17p13 and the promoter region of the osteoblast cadherin 11
gene (CDH11) at 1622, ABCs are seen as a primary neoplasm. This
translocation of USP6 and the promoter region of cadherin 11 leads
to an upregulated expression of the otherwise structurally and
functionally intact USP6 [40]. USP6 is part of the deubiquitinase
enzyme family that removes ubiquitin from protein substrates
[27]. This plays an important role for several regulation processes
like e.g. stability of proteins, degradation, cell signaling, angiogen-
esis and inflammatory response. Oliveira et al. [41] demonstrated
that the effect of USP6 in the fibrous stromal component of ABCs
leads to the expression of matrix metalloproteinase through acti-
vation of nuclear factor kB (NFkB). The biological effects of these
processes, e.g. the interaction with the Jakl-STAT3 pathway lead
to the typical histological features of the lesion mimicking a hem-
orrhagic pathology [2]. Oliveira et al. could identify USP6 rear-
rangements in 69% of primary ABCs and in none of the secondary
ABCs using Fluorescence in situ Hybridization (FISH) [38]. By next
generation sequencing Guseva et al. [42] and Sekoranja et al. [40]
increased the number of detected USP6 involving gene rearrange-
ments to 100%. Both identified new USP6 fusion partners with the
help of next generation sequencing and assume still further undis-
covered fusion partners [40,42]. Thus, primary ABCs can be differ-
entiated from secondary and other bone lesions by biopsy and
histopathological examinations [43]. Secondary ABCs can occur in
cases of a giant cell tumor, a chondroblastoma or a telangiectatic
osteosarcoma. Secondary ABCs represent approximately 30% of
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Fig. 3. ABC of the proximal tibia of a 12 years old boy - preoperative MRI scans with typical fluid-fluid levels (a + b), intraoperative fluoroscopy after curettage and defect
reconstruction with bone substitute (c) and progressive osseous integration of the bone substitute (d + e; arrow).

Fig. 4. ABC of the proximal fibula of an 18 years old patient — preoperative radiographs (a + b) and after curettage and reconstruction with PMMA (c +d).

the whole entity of ABCs and are associated with a preexisting
osseus lesion [21,22,24,30]. A malignant transformation is
described in rare cases [24]. For secondary ABCs which do not
show any chromosomal aberrations involving the USP6 gene, the
theory of hemodynamic disturbances remains plausible [38,44].

2.6. Treatment

Different modalities of treatment are described in literature i.e.
intralesional curettage with or without adjuvants, wide resection,
embolization, percutaneous intralesional injections using polido-
canol or other agents like doxycycline, injection of bone marrow,
cryoablation, radiation therapy, radionuclide ablation, or the sys-
temic application of denosumab or bisphosphonates [22,24,45]. A
USP6 targeted therapy option for ABCs is not described in litera-
ture, yet. The optimal treatment is still under discussion.

An en bloc surgical resection results in excellent local control
rate but can provoke other complications depending on the dimen-
sion of the operation like e.g. bleeding, pain and growth distur-
bances [22,46]. The en bloc resection may lead to a defect of the
bone, that has to be reconstructed. Depending on the ABC’s local-
ization, this can be challenging. Flont et al. [22,47] described a
non-significant higher rate of complications in en bloc resections
than in curettage. They also proposed the wide resection to be con-
sidered in cases of local recurrence [22,47]. Because of these
aspects, the predominant therapy for ABCs is a less radical, intrale-
sional curettage (Figs. 3 and 4). Nevertheless, the curettage is per-
formed as open surgery and comes along with possible
complications as well. A local recurrence after curettage of over
50% is described in literature [31]. Due to this, the use of various
adjuvants has been described in literature [22,24]. Adjuvants can
be hydrogen peroxide, phenol, filling of the lesion with PMMA
(Fig. 4), the use of a high-speed burr or the use of electrocautery
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Fig. 5. ABC of the proximal ulna of a 3 years old girl - initial MRI scan (a); fluoroscopy of instillation of polidocanol (b); progressive resolution of the cyst (after 3 instillations)
with residual cystic elements and scattered fluid-fluid levels (c); healing grade I according to Rastogi et al. with complete resolution of fluid-fluid levels (d + e; arrow).

Table 1
Results of treatment of aneurysmal bone cysts with slerotherapy.

Study Year  Sclerosant Number Mean Number of Number of Complete  Partial  Recurrence/
of number of  patients with  patients with healing healing pesistent disease
patients instillations one injection  multiple requiring further

injections treatment
Guibaud et al. [54] 1998 Ethibloc 16 (1-3) 10 6 13 2 1
Garg et al. [50] 2000 Ethibloc 10 1,3 (1-2) 7 3 7 3 0
Falappa et al. [55] 2002 Ethibloc 13 2,4 (1-4) 4 9 13 0 0
Adamsbaum et al. 2003  Ethibloc 17 (1-3) 14 3 14 0 3
[44]

Dubois et al. [56] 2003  Ethibloc 17 1,7 (1-5) 9 16 1 0

Topouchian et al. 2004 Ethibloc 15 1,4 (1-3) 11 4 9 2 4
[57]

de Gauzy et al. 2005 Ethibloc 12 1,1 (1-2) 11 1 6 3 3
[58]

Rastogi et al. [52] 2006 Polidocanol 72 3(1-5) 10 62 0 70 2

George et al. [59] 2009 Ethibloc 33 1,2 (1-2) 25 8 18 11 2

Varshney et al. 2010 Polidocanol 45 2,3 (1-3) 14 31 44 0 3

[51]
Lambot-Juhan 2012 absolute alcohol 29 1,8 (1-4) 13 16 17 9 3
et al. [60]

Brosjo et al. [25] 2013 Polidocanol 38 4 (1-11) 33 37 0 1

Batisse et al. [20] 2016 Ethibloc(6), absolute 19 1,2 (1-2) 15 4 11 2 0

alcohol (2) absolute alcohol
gel (2) Aethoxi-sclerol (9)
Ulici et al. [61] 2018 Ethanol 96% 17 - - - 17 0 0
Grahneisetal.[31] 2019 Polidocanol 3 - - - 0 1 2
Puri et al. [53] 2020 Polidocanol 56 2 (1-5) 24 32 42 0 13
Marie-Hardy et al. 2020 alcohol-based 55 1,7 (1-4) - - - - 1
[62]

Deventer et al. 2021 Polidocanol 32 57 (1-12) 0 32 3 19 10
[65]

Puthoor et al. [63] 2021 Polidocanol 31 - - - 31 0

Jasper et al. [64] 2021 Polidocanol 70 1,83 (1-5) 28 30 58 - 12

[22,24]. Even local MRI-guided percutaneous cryoablation has
been used as adjuvant therapy [48]. Nevertheless, the benefit of
the different adjuvants is still questionable. Kececi et al.[49]
showed no significant effect of adjuvant phenol or of the use of a
high-speed burr on local recurrence after intralesional curettage
of ABCs in a study with 85 patients. Even Grahneis et al. [31] could
not confirm a significant benefit of adjuvant phenolization in
intralesional curettage in a similar study with 65 patients. On the
other hand, Garg et al. [22,50] described a significant superiority
of the combined use of a high-speed burr and electrocautery com-
pared to simple curettage concerning local recurrence rate in a
small study with 12 patients with an ABC of the spine.

A minimally invasive treatment is the percutaneous intrale-
sional injection of different agents. Nowadays one of the most
common agents is the sclerosant “polidocanol” (Fig. 5). Since the
1960 s polidocanol was used as endovenous sclerosing agent to
varicose veins [25]. Sclerosants damage the endothelium and start
a coagulation cascade which ends in thrombosis [25]. The use of
sclerosants in ABCs is based on the above- mentioned theory of a
hemorrhagic lesion of the bone as relevant factor of the pathogene-
ses [34,51]. There are numerous authors who postulate the excel-
lent therapeutic effect of sclerosants on ABCs [20,25,31,44,50-64]
(table 1). Rastogi et al. [52] reported a cure rate of 97% in a study
of 72 patients with primary ABCs and sequential polidocanol instil-
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lations; Jasper et al. [64] described a cure rate of 83% in a compar-
ative study of 70 patients. Trends toward increased risk for treat-
ment failure in this study were age younger than 5, epiphyseal
plate involvement, and lower leg lesions.

In a prospective study of Varshney et al. [51] 94 patients with a
primary ABC were treated with intralesional curettage or sequen-
tial percutaneous instillation of polidocanol. The authors could
not find significant differences for recurrence rates between the
two treatment groups. Deventer at al. [65] did not find either a sig-
nificant difference between the intralesional curettage and the
sequential instillation of polidocanol in the treatment of primary
ABCs in a study with 74 patients. The authors relativized the out-
standing results of former studies by Rastogi et al. [52] curing a pri-
mary ABC by a single instillation. The average number of
instillations in the above mentioned study of Deventer et al. [65]
was 5.7. In two cases (6.3%) a healing disorder occurred as relevant
side effect after instillation of polidocanol. Potential complications
named in literature are hypopigmentation [66], necrosis of the skin
at the side of injection, osteomyelitis, allergic reactions and anes-
thetic complications [67]. Jasper et al. described [64] only one case
of an allergic reaction to polidocanol in a study of 70 patients with
a primary ABC. Polidocanol is relatively contraindicated for preg-
nant patients in the first trimenon, for patients with asthma, with
heart disease and preexisting wound healing disorders [67].

The instillation of doxycycline seems to be another possible
treatment option [68]. Woon et al. [68] treated seven patients with
a primary ABC by instillation of doxycycline. The authors describe a
sufficient treatment success after a single instillation in three
cases, three further patients needed further instillations, one
patient was converted to a surgical treatment. Shiels et al. [69]
reported a low recurrence rate of 6% within the first 18 months
of follow-up after instillation of doxycycline in a retrospective case
series of 16 patients with a primary ABC. As relevant side effect
focal skin necrosis occurred in one case only due to an extravasa-
tion of doxycycline. Larger, especially prospective studies of percu-
taneous instillation of doxycycline are necessary to verify the
persistent treatment success. Comparative studies between the
instillation of doxycycline and polidocanol could verify the effec-
tiveness of both substances regarding the treatment of primary
ABCs.

Embolization of ABCs can be used as adjuvant or single therapy
when surgical resection is difficult or connected with probable risk
of complications. Henrichs et al. reported the successful use of
embolization in ABCs in the sacrum as single therapy [70].

There are also reports in literature about a conservative treat-
ment of ABCs with Denosumab or bisphosphonates [45,71,72].
Denosumab can be used in cases when surgical procedures and/
or embolization are not successful or possible. Denosumab has
been approved for use in osteoporosis, multiple myeloma, skeletal
metastasis and recently giant cell tumor of the bone [71]. It is a
monoclonal antibody which blocks Receptor Activator of NF-
kB Ligand (RANKL), a ligand that binds to Receptor Activator of -
NF-kB (RANK). The use of Denosumab as a rescue therapy is also
described by Lange et al. who used denosumab in two cases of
ABC of the spine where embolization failed [73].

A related therapeutic approach is the application of bisphos-
phonates. Bisphosphonates principally were used for the therapy
of osteoporosis, inhibiting bone resorption by increasing osteoclast
apoptosis [45]. Several studies showed an antitumoral effect of bis-
phosphonates in metastatic bone disease [45]. Nowadays bisphos-
phonates established successfully in the management of
unresectable, symptomatic bone tumours [45]. Kieser et al. [45]
demonstrated the favorable response of ABCs to bisphosphonates.
Like Cornelis et al. [74] the authors reported about the reduction of
symptoms and the progressive ossification of the lesion [45].

Journal of Bone Oncology 30 (2021) 100384
3. Conclusion

Clinical symptoms and the radiographic appearance of different
cystic bone lesions can be similar; however, the diagnostic path-
way and the treatment options are significantly different.

Asymptomatic unfractured SBCs of the upper extremity do not
need any treatment. However, if the fracture is completely dislo-
cated, joint affecting, unstable or open, surgical treatment is advis-
able. In SBCs affecting the lower extremity surgical treatment is
recommended in most cases with pathological fracture to regain
the ability to mobilize timely and to prevent secondary axis
deviations.

In case of an ABC a biopsy is compulsory to verify the diagnosis
and to exclude relevant differential diagnoses. Sequential instilla-
tions of polidocanol are the most commonly recommended treat-
ment option. Nevertheless, several instillations can be necessary.
In a considerable number of cases, a conversion to intralesional
curettage can be necessary.

4. Type of study

Review of the literature.
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