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A B S T R A C T

Background: Aneurysmal bone cysts (ABC) are benign but locally aggressive lesions. The treatment of ABC has
evolved over the years, but curettage with or without local adjuvants still represents the standard. Less invasive
methods such as embolization, sclerotherapy or RANKL inhibitors (Denosumab) are also established. The aim of
this study was to report and compare the results of a series of patients mainly treated with curettage with and
without subsequent phenolization.
Methods: 65 patients with the unequivocal diagnosis of primary ABC were treated. 61 of them were located
within the bone whereas 4 patients had an ABC of the soft tissues. All patient were treated surgically by means of
curettage with or without adjuvants, resection, or with minimally invasive methods such as Polidocanol injec-
tions, embolizations or Denosumab treatment. In total 80 procedures had been performed.
Results: Our patients had a mean age of 25.3 ± 16.0 years, ranging from 4 to 74 years. The most common
skeletal locations were the pelvis in 23%, the femur in 18%, the tibia in 16% and the spine in 10%. Six lesions
were resected and showed no recurrence. 5 patients were treated with polidocanol injections (n=3) or em-
bolization plus systemic treatment with Denosumab (n=2). With embolization and Denosumab both patients
showed stable disease and required no further treatment. Polidocanol injections resulted in stable disease with
no further treatment required in one patient and in subsequent curettage with adjuvant phenolization in two
other patients.

In 54 initial curettages 21 were performed with adjuvant phenolization. In this group, 16 lesions healed
(76%), 3 showed persistent disease and 2 patients had a local recurrence (9%). Out of 33 patients without
phenolization 21 (64%) healed, 3 showed stable persistent disease and 9 (27%) experienced a recurrence. In
total we performed 66 curettages, 27 with and 39 without adjuvant phenol treatment. Resolution was achieved
in 19 (70%) and 25 (64%) of cases. respectively. Persistent disease was evident in 5 cases each and recurrence in
3 and 9 cases, respectively (n.s.).
Conclusion: Curettage is still the standard of treatment for ABC. Local recurrence does not depend on the use of
adjuvant phenol as shown in this and other studies. Minimally invasive methods such as selective embolization
and injections of sclerosing agents may result in healing or at least in tolerable persistence of residual lesions but
needs repetitive treatments and does not show homogenous results throughout the institutions. Denosumab
appears to be an additional option, especially in surgically critical locations such as the spine or the sacrum.

1. Introduction

Aneurysmal bone cyst (ABC) are benign intraosseous or rarely soft
tissue lesions and were first described by Jaffe and Liechtenstein in
1942 [1]. ABC's are considered benign yet locally aggressive lesions
with a potential for local recurrence, and they typically appear in the
metaphysis of the long bones and in the vertebral column [2,3]. ABC's

are most often seen in children and young adults with no sex pre-
dilection. These lesions are lytic, usually eccentrically located and ex-
pansive with well-defined margins. There are blood-filled, separated by
fibrous septa, with fibroblasts, osteoclast-type giant cells and reactive
woven bone [4]. Soft tissue lesions are rare but since 1972 have been
described in a number of cases [5].

Aneurysmal bone cysts were originally thought to be reactive in
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nature, caused by a circulatory abnormality leading to an increased
venous pressure and resulting in dilation of the vascular network [6,7].
Nowadays, the neoplastic nature of aneurysmal bone cyst has been
proven since in 1999, Panoutsakopoulos et al. demonstrated a balanced
chromosomal translocation t(16;17)(q22;p13) as a cytogenetic ab-
normality in primary aneurysmal bone cyst [8] involving the USP6
gene, located on chromosome 17p13. After establishing this USP6
translocation as a diagnostic tool, it has been found in approximately
75% of the cases [9]. Thus differentiating primary ABC`s from sec-
ondary lesions or other tumors such as teleangiectatic osteosarcoma
had become much more easier.

The treatment concepts of ABC have evolved over the years.
Resection is not an option in most of the cases leaving intralesional
procedures such as curettage as standard of care [10]. Due to local
recurrence rates of more than 50%, various adjuvant treatments have
been used. Most common are PMMA bone cement, argon beam, phenol,
ethanol and cryotherapy [10]. Less invasive methods such as aggressive
biopsy (“Curopsy”) [11], selective arterial embolization [12,13],
sclerotherapy with ethibloc or polidocanol [14] and systemic therapy
with RANKL inhibitors (Denosumab) [15] have been tried. The aim of
this study was to report and compare the results of a series of patients
mainly treated by curettage with and without adjuvant phenol treat-
ment and also by less invasive interventions.

2. Material and methods

Between 1982 and 2014, 65 patients with histologically proven
primary ABC were treated at our institution. 61 of these ABC were lo-
cated in bone whereas 4 patients had an ABC of the soft tissues. The
medical records and imaging studies of all cases were reviewed after
obtaining institutional review board approval and each patient was
either contacted by means of a telephone survey or seen in the out-
patient clinic. All patient had been treated surgically by curettage with
or without adjuvants, resections, or with minimally invasive methods as
Polidocanol injections, embolizations or Denosumab therapy. In total,
80 procedures were performed.

2.1. Statistical analysis

For statistical analysis, the recurrence-free survival was calculated
according to the Kaplan-Meier method. Significance analysis was per-
formed using the Log-Rank test or the Chi-Square test, respectively. The
data analysis software used was MedCalc®.

3. Results

Our patients had a mean age of 25.3 ± 16.0 years at the time of
treatment, ranging from 4 to 74 years, most of them were in their
second decade of age (Fig. 1). The male to female ratio was 0.94. The
most common skeletal locations were the pelvis in 23%, the femur in
18%, the tibia in 16% and the spine in 10% followed by the humerus in
8%, the hand and the foot in 5% each, radius and ulna in 3% each and
patella, ribs and fibula in one case each.

The main symptoms that had led to the diagnosis were pain in 89%
and local swelling in 15%. As measured on cross-sectional imaging, the
mean maximum diameter of the lesions was 5.2 cm±4.0 cm, ranging
from 1 to 30 cm.

The therapy and outcomes are shown in Fig. 2. Six lesions were
resected (4 soft tissue and 2 bone) and showed no recurrence. 5 patients
were treated with polidocanol injections (n=3) or embolization and
Denosumab (n=2). With embolization and Denosumab both patients
showed stable disease and need no further treatment. Polidocanol in-
jections caused stable disease with no further treatment in one patient
and curettage with adjuvant phenolization led to the same result in two
additional patients. Of those, one patient showed stable persistent dis-
ease after the procedure, the second needed a second curettage

including now also phenol and Denosumab which lead to stable per-
sistent disease.

Out of 54 primary curettages, 21 were performed with adjuvant
phenolization. In this group, 16 lesions healed (76%), 3 showed per-
sistent disease (one with adjuvant Denosumab therapy) and 2 patients
had a local recurrence. One of those 2 recurrences had a second cur-
ettage with phenol and subsequently healed, the other opted for
treatment at another institution with the final outcome unknown.

Out of 33 primary curretages without adjuvant phenolization, 21
(64%) healed, 3 showed stable persistent disease and 9 (27%) had a
recurrence. Out of those 9 recurrent cases, 7 had a second curettage
which resulted in healing in 6 patients and in persistent disease even
after a third curettage and Denosumab treatment in one patient. One
recurrence healed after a polidocanol injection and one patient opted
for no further therapy.

In total, we performed 66 curettages, 27 with and 39 without ad-
juvant phenolization. Healing was achieved in 19 (70%) and in 25
(64%) cases, respectively. Persistent disease was evident in 5 cases each
and recurrence in 3 and 9 cases, respectively (Fig. 3, n.s.). Overall, 80
interventions were performed on 65 patients.

The total mean follow-up was 119 months (median 82 months,
range 3.1–408 months). Local recurrence was seen in 15 (19%) patients
and with most of them (80%) during the first 2 years after initial
treatment, but one patient as late as more than 8 years after the in-
tervention (Fig. 4). In cases where the lesion had already been a re-
current disease, the risk of further recurrence was increased, but this
difference did not reach significance in our series (Fig. 5). A comparison
of this data to the published series is listed in Table 1.

4. Discussion

ABC is a benign but locally aggressive lesion with no unequivocally
defined primary treatment option. En bloc resection is not an option for
the majority of patients because of the resulting disability/the required
reconstructive surgery on the background of a benign disease. So in-
tralesional curettage with or without bone grafting is still the pre-
dominantly used therapy, but carries a risk of local recurrence of about
20% [3]. Phenol, introduced in 19th century medicine as carbolic acid,
has long been used for achieving locally aseptic conditions or “ster-
ilization” of remaining tumor cells after intralesional procedures as for
example with giant cell tumor (GCT) of bone [16]. In a comparison of
curettage with or without adjuvant phenolization in 43 versus 19 pa-
tients with ABC, the local recurrence rates were 14% vs. 16%, in-
dicating that this adjuvans has no additional benefit [17]. This is con-
firmed by our present study. In GCT, the adjuvant effect of phenol is

Fig. 1. Age distribution in 65 patients with aneurysmal bone cysts.
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still a subject of discussion. Our own results using the same technique as
in ABC showed a trend towards fewer recurrences but without
achieving statistical significance [18]. In a recently published report by
Nithyananth et al., the minimum time for effective action of phenol
against giant cell tumour (GCT) cells was found to be 3 min (67% cell
death) with 6 min being required for maximum efficacy (100% cell
death) [19]. In our series, we used 50% phenol dissolved in 75%
ethanol on swaps, maintained in the curettage cavity for 1 min. So this
might have influenced the effect of the substance.

With high speed burring the same conflicting data is evident: no
effect at all [17,20] or only one recurrence in 31 patients [21]. Argon
beam coagulation, cryosurgery and cementation have either the risk of
osteonecrosis and fracture or leave a biologically inert implant in a
meta-epiphyseal location in children or young adults [10].

So over the years, less invasive procedures were propagated.
Ethibloc, an alcoholic solution of a fibrogenic and thrombogenic agent
proved to be effective with repeated injections but in some cases
showed severe side effects [22]. In a randomized study with 94 pa-
tients, repeated injections of polidocanol showed better results than
curettage alone (93% vs 85% healing) [23]. In our own series of pa-
tients presented here, polidocanol either led to local recurrence or to
persistent disease.

Repeated arterial embolizations have also been reported with suc-
cess rates of 80% and higher [12].

One group of investigators also described repeated injections of
doxycycline, an antibiotic with some potential to inhibit matrix me-
talloproteinases and angiogenesis. Shiels et al. reported a healing rate of
94% with this method [24].

Fig. 2. Type of intervention and outcomes in 65 patients with ABC.

Fig. 3. Local recurrence free survival in 39 patients treated with curettage alone and 27 patients treated with curettage and adjuvant phenolization.
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With a high rate of recalcification in GCT of bone, Denosumab, a
human monoclonal antibody against the kappa B ligand (RANKL)
which promotes osteoclast activation is also being used in ABC. In a
recent case series of 9 patients, 5 were still under therapy, 2 patients
had to be operated on and 2 patients showed stable disease after one
and two years, respectively [15]. Our own experience is quite favorable.
Two patients showed stable disease after cessation of Denosumab
(Fig. 6), in 3 others, Denosumab was used after curettage. 2 patients
showed stable small residual disease, one patient progressed and is
again being treated with Denosumab. But we did also observed severe

acute hypercalcemia following anti-RANKL withdrawal in children as
described in several case reports [25].

5. Conclusion

Resection of aneurysmal bone cysts results in a local recurrence rate
of 0% but is only feasible in very selected cases which is why curettage
still represents the standard of treatment. Local recurrence does not
depend on the use of adjuvant phenol as shown in this and other stu-
dies. Minimally invasive methods such as selective embolization and

Fig. 4. Local recurrence free survival in 80 interventions in patients with ABC.

Fig. 5. Local recurrence free survival in 60 interventions in patients with primary ABC and 20 patients with recurrent ABC.
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injections of sclerosing agents or Doxycycline may result in healing or
at least in tolerable persistence of residual lesions but require repetitive
treatments and have so far not shown homogenous results between
different institutions. Denosumab is a recent additional option espe-
cially in surgically critical locations such as the spine or the sacrum.
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Table 1
A comparison of this data to published series of patients with primary aneurysmal bone cysts.

Resection Curettage Polidocanol Denosumab

CR SD PD CR SD PD CR SD PD CR SD PD

This study 6 (100%) 0 (0%) 0 (0%) 44 (67%) 10 (15%) 12 (18%) 0 (0%) 1 (33%) 2 (67%) 0 (0%) 2 (100%) 0 (0%)
Basarir et al. [26] 19 (100%) 0 (0%) 0 (0%) 27 (77%) 8 (23%)
Brosjö et al. [27] 37 (97%) 1 (3%)
Dormans et al. [28] 37 (18%) 8 (82%)
Erol et al. [29] 5 (100%) 0 (0%) 0 (0%) 52 (93%) 0 (0%)
Flont et al. [30] 10 (100%) 0 (0%) 0 (0%) 14 (85%) 2 (15%)
Gibbs et al. [31] 6 (100%) 0 (0%) 0 (0%) 30 (88%) 4 (12%)
Kececi B. et al. [17] 9 (100%) 0 (0%) 0 (0%) 66 (87%) 0 (0%) 10 (13%)
Kurucu et al. [32] 6 (67%) 3 (33%)
Kurucu et al. [32] 6 (67%) 3 (33%)
Mankin et al. [33] 120 (80%) 30 (20%)
Palmerini et al. [15] 2 (22%) 7 (78%) 0 (0%)
Peeters et al. [34] 76 (95%) 4 (5%)
Ramirez et al. [35] 21 (72%) 8 (28%)
Rastogi et al. [36] 48 (67%) 22 (30%) 2 (3%)
Reddy et al. [11] 162 (85%) 28 (15%)
Schreuder et al. [34] 76 (95% 4 (5%)
Schulte et al. [37] 33 (80%) 8 (20%)
Shooshtarizadeh et al. [38] 33 (87%) 0 (0%) 5 (13%)
Solooki et al. [39] 4 100% 0 (0%) 0 (0%) 30 (94%) 0 (0%) 2 (6%)
Varshney et al. [23] 39 (85%) 0 (0%) 7 (15%) 42 (93%) 0 (0%) 3 (7%)
Vergel De dios et al. [3] 17 (100%) 0 (0%) 0 (0%) 107 (79%) 0 (0%) 29 (21%)
Wang et al. [21] 30 (97) 0 (0%) 1 (3%)

Fig. 6. CT-scan (A) showing massive osteolytic destruction of the sacrum at the levels S1 and S2 caused by ABC. (B) The lesions shows typical fluid- fluid levels on T2-
weighted TSE imaging with the patient in supine position, which is a sign of internal bleeding within the cysts. (C) CT-scan two months after initiation of treatment
with Denosumab showing initial sclerotic demarcation of the lesion and increased sclerosis. (D) CT-scan after one year of treatment demonstrating stable osseus
reconstitution of both sacral ala.
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