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Aims

Aneurysmal bone cysts (ABCs) are locally aggressive lesions typically found in the long bones
of children and adolescents. A variety of management strategies have been reported to be
effective in the treatment of these lesions. The purpose of this review was to assess the effec-
tiveness of current strategies for the management of primary ABCs of the long bones.

Methods

A systematic review of the published literature was performed to identify all articles relating
to the management of primary ABCs. Studies required a minimum 12-month follow-up and
case series reporting on under ten participants were not included.

Results

A total of 28 articles meeting the eligibility criteria were included in this review, and all but
one were retrospective in design. Due to heterogeneity in study design, treatment, and out-
come reporting, data synthesis and group comparison was not possible. The most common
treatment option reported on was surgical curettage with or without a form of adjuvant
therapy, followed by injection-based therapies. Of the 594 patients treated with curettage
across 17 studies, 86 (14.4%) failed to heal or experienced a recurrence. Similar outcomes
were reported for 57 (14.70%) of the 387 patients treated with injection therapy across 12
studies. Only one study directly compared curettage with injection therapy (polidocanol),
randomizing 94 patients into both treatment groups. This study was at risk of bias and pro-
vided low-quality evidence of a lack of difference between the two interventions, reporting
success rates of 93.3% and 84.8% for injection and surgical treatment groups, respectively.

Conclusion

While both surgery and sclerotherapy are widely implemented for treatment of ABCs, there
is currently no good quality evidence to support the use of one option over the other. There
is a need for prospective multicentre randomized controlled trials (RCTs) on interventions
for the treatment of ABCs.
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Introduction

Aneurysmal bone cysts (ABCs) are non-
malignant, blood-filled, tumour-like lesions
that most commonly occur in the metaph-
ysis of long bones and the vertebrae. These
lesions have a prevalence of 1.4 cases per
100,000, with 75% to 90% occurring in
patients under the age of 20 years."? Genetic
studies have confirmed that a subset of ABCs
are primary neoplastic lesions, defined by a
specific translocation. These primary ABCs
are thought to make up 50% to 70% of

cases.> The remaining cases are secondary
to haemorrhagic degenerative events in pre-
existing bone lesions, including giant cell
tumours, unicameral bone cysts, osteoblas-
tomas, and chondroblastomas.?

Patients may present with an insidious
onset of pain, associated swelling, deformity,
and in some cases a pathological fracture.
Plain radiographs demonstrate a cystic lesion
with thin sclerotic margins, and changes in
local bony anatomy due to expansion of the
cyst may also be present. MRI can identify
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Records identified through database

searching
(n =827)

Medline (826) CENTRAL (1)

Records screened after duplicates
removed
(n = 826)

Records excluded

v

Full-text articles assessed
for eligibility
(n=153)

4

Studies included in review
(n=128)

> (n=773)

Full-text articles excluded
(n=25)

Inadequate follow-up (14)
Insufficient long-bone cases (6)
Inclusion of secondary ABCs (3)
Cases reported in included study (2)

Fig. 1
A flowchart detailing the search strategy, results of the literature search, and study selection process.

features more specific to ABCs, such as septa within the
lesion and variably aged blood contained within the
cystic cavities.* Histological analysis demonstrates the
osseous septa separating the blood-filled cavities to be
lined with fibroblasts and osteoclastic giant cells.
Treatment is largely aimed at promoting cyst healing,
thereby reducing pain and risk of pathological fracture.

Few advocate for a watch-and-wait approach, adopted
on the basis of evidence of some cysts healing without
treatment® or following biopsy.”® However, the main-
stay of management has traditionally been intralesional
curettage with or without bone grafting.*'* A variety
of adjuvant treatments can be applied alongside curet-
tage with a view to minimizing recurrence, including
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Table 1. Articles included in this review, including patient characteristics.

Author Year Study design Patients, n Mean age, yrs (range) M:F % long bones
Puri 2020 Case series 55 20 (1 to 54) 26:29 67
Marie-Hardy 2019 Case series 54 10 (1 to 15) 32:22 84
Aiba 2018 Case series 30 17 (6 to 40) 18:12 60
Oliveira 2018 Case series 47 18 (4 to 54) 23:24 64
Rahman 2018 Case series 16 15 (7 to 32) 10:6 100
Ghanem 2017 Case series 16 10 (5to 14) 10:6 75
Mostafa 2017 Case series 15 12 (6 to 16) 12:3 100
Shiels 2016 Case series 16 7 (2to 15) 100
Crowe 2015 Case series 1 19 (2to 47) 7:4 64
Erol 2015 Case series 64 10 (5 to 18)* 38:26 83
Kececi 2014 Retrospective cohort 85 18 (3 to 66) 45:40 71
Wang 2014 Case series 31 26 (8t0 62) 15:16 74
Flont 2013 Retrospective cohort 26 13 (2to 18) 11:15 85
Ibrahim 2012 Retrospective cohort 17 12 (2to 18) 7:10 82
Cummings 2010 Case series 29 12 (4 to 39) 22:7 76
Docquier 2010 Case series 21 16 (8 to 28) 11:10 52
George 2009 Case series 31 (Bto16)T 19:14% 97
Peeters 2009 Case series 80 17 (3to 52) 45:35 79
Varshney 2009 RCT 91 21,278 61:30 86
Lin 2008 Case series 53 14 (4 to 65) 25:28 68
Basarir 2007 Retrospective cohort 56 11 (2to 16) 33:23 71
Rastogi 2006 Case series 72 16 (3 to 38) 46:26 86
Cottalorda 2005 Case series 21 4(1.5t05) 14:7 81
de Gauzy 2005 Case series 12 10 (5 to 14)* 9:3 83
Dormans 2004 Case series 45 12 (2to0 18) 23:22 64
Topouchian 2004 Case series 15 10 (3 to 15) 8:7 73
Adamsbaum 2003 Case series 17 8 (2to 18) 5:12 71
Ramirez 2002 Case series 29 10 (1 to 20)* 9:20 62

*Median age (interquartile range).
TRange only, no mean age provided.

FTwo lost to follow-up: information on gendersex and anatomical site not available.

§Two values, no range provided.
RCT, randomized controlled trial.

phenol, cryotherapy, and argon beam coagulation.™'>"”
The more aggressive surgical option of en bloc resec-
tion is thought to offer a lower risk of recurrence, but
may require complex reconstruction, and is not always
feasible considering the size and location of the lesion.'”®
Intralesional injection techniques are available as an alter-
native to surgery and offer the benefits of being mini-
mally invasive and potentially more cost-effective.'"
Injectable substances reportedly used for ABC manage-
ment include alcohol, polidocanol, and Ethibloc (Ethnor
Laboratories, Ethicon, Germany).">?' Several other treat-
ment strategies reported in the literature include selective
arterial embolization,? systemic therapy with receptor
activator of nuclear factor kappa-B ligand (RANKL) inhibi-
tors (Denosumab),? and radiation therapy.

Currently there is no consensus on the optimal
management of ABCs. Risk of complications and poten-
tial for recurrence need to be balanced against the inva-
siveness of an intervention when considering treatment
options. The purpose of this review was to assess the

efficacy of interventions for treating primary ABCs in the
long bones of children and adults.

Methods

Search strategy. A comprehensive electronic search
of the MEDLINE database was performed using the
PubMed search engine. A search was also conducted
on the Cochrane Central Register of Controlled Trials
(CENTRAL) using the website-specific search engine.
Databases were searched on 15 October 2020 and
restricted to articles published from 1 January 2000.
Reference lists from all relevant studies were manually
reviewed. A detailed report of the search strategy is pre-
sented in Supplementary Material.

Eligibility criteria. We intended to include randomized
controlled trials (RCTs), quasi-randomized controlled tri-
als, prospective cohort studies, retrospective case-control
studies, and case series evaluating all methods for treat-
ing ABCs. Case series with fewer than ten patients were
not included to reduce the risk of reporting bias. Only
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Table 1. Anatomical location of all treated cysts, including additional two
cysts lost to follow-up with unknown location.

Anatomical location Number of cysts % of total

Humerus 260 25
Radius 30 3
Ulna 14 <1
Forearm (bone not specified) 15 <1
Hand 25 2
Femur 253 24
Tibia 159 15
Fibula 79

Foot 45 4
Hand and foot (not specified) 4 <1
Spine 23 2
Pelvis 102 10
Scapula 7 <1
Clavicle 38 4
Rib 1 <1
Unknown location 3 <1
Total 1,058

articles published in English were considered for review.
The target population was children and adults of all ages
with primary ABCs located within long bones. Studies
reporting on lesions in the axial skeleton were consid-
ered if long bone data accounted for greater than 50%
of cases. Studies involving patients with secondary or
extraosseous ABCs were not included. Primary outcome
measures considered for this review were cyst healing®
and recurrence. Other outcome measures included cyst
volume reduction, pain scores, validated functional out-
come measures (e.g. Musculoskeletal Tumour Society
Score, Paediatric Orthopaedics Society of North America
instruments),?>? and complications. For the primary out-
come measures a minimum of 12 months follow-up was
required for study inclusion.

Data collection and extraction. Two authors (LB and AW)
independently screened the titles, abstracts, and key-
words of every article retrieved via the search strategy.
Decisions on inclusion were made according to the pre-
stated eligibility criteria. Full texts were obtained for stud-
ies that fulfilled the inclusion criteria and for studies where
there was uncertainly around eligibility. Two authors (LB
and AW) independently extracted study details and data
for each included study using an electronic data collec-
tion form. Disagreement was resolved by consensus or
consultation with the third author (AK). The Cochrane
Risk of Bias tool was used to assess the methodological
quality of any randomized trials.?® The validated tool de-
signed by Moga et al?® was used to assess the quality of
case series. The Preferred Reporting Item for Systematic
Reviews and Meta-analysis (PRISMA) was used to report
the findings (Checklist is provided in Supplementary
Material).

Results

The electronic literature search returned 826 citations
of potential studies related to the management of
primary ABCs and 28 studies were included for review
(Figure 1). The majority of included studies were retro-
spective case series. Four retrospective cohort studies
investigating differences between alternative surgical
approaches'®3031 and one RCT comparing curet-
tage to percutaneous sclerotherapy were included.?
A total of 18 studies reported on surgical treatment
methods'1316-18:203041 3nd 12 studies reported on percu-
taneous injection-based therapies.®'%20423° One included
study reported outcomes for two subjects treated with
radiation therapy.*

In total, outcome data were available on 1,056 cysts
over 1,055 patients, with a mean study follow-up ranging
from 29 to 110 months. Patient age across all studies
ranged from one to 66 years old with mean study age
ranging from eight to 26 years old. The male to female
distribution was 583:456 for all cases where sex was
reported (Table I). In all, 77% of cysts were located in the
long bones with the humerus being the most common
site (25%), followed by femur (24%), tibia (15%), fibula
(7%), and forearm (6%) (Table II). Of all cases, 182 (17%)
were reported to have presented with a pathological
fracture, and 70 (7%) cysts were reported to have under-
gone previous treatment. Treatment success was often
determined based on a radiological classification of cyst
healing (e.g. modified Neer classification).? However,
healing and recurrence were not clearly defined in all
studies. It was also noted that the term recurrence was
occasionally used to refer to persistence of cyst, rather
than reappearance after successful initial treatment. To
ensure consistent reporting of outcomes, recurrences in
these cases were reported as treatment failures (Tables IlI
to VI).

Surgical treatment mostly consisted of curettage with
or without mechanical burring,'31618:20.30,33,35,3741 hone/
bone substitute grafting,'1316:18:20.30,31,33,3436-39.41  cayteri-
zation,*"*® argon beam coagulation,'®333* phenol,617.3338
polymethyl methacrylate (PMMA),""”?! cryosurgery,'>*
hydrogen peroxide,®**® preoperative embolization,'3®
and internal fixation.*3935 Treatment heterogeneity
was often observed with a variety of different adjuvant
treatments being used within a single series. For the 594
patients who underwent curettage (with or without adju-
vant therapy), 86 (14.4%) failed to heal or experienced a
recurrence, with individual study combined failure and
recurrence rates ranging from 0% to 40%. A total of 52
cysts across eight studies had undergone en bloc resection
and healed successfully with no recurrence.17.1831,33,36,38,39
Two studies of minimally invasive curettage techniques,
without adjuvant therapy or grafting, reported treat-
ment failures or recurrence in 40% (12/30) and 22%
(2/9) of cases.’**2 One study evaluated open biopsy with
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Table I11. Outcome summary for all surgical treatments.

Mean follow-up, Failure Recurrence
Study mths (range) Primary treatment Cysts (%) (%)
Aiba 55 (16 to 149) Endoscopic curettage 30 9 (30) 3 (10)
2018
Rahman 51 (24 to 78) Curettage + burr + cryosurgery + bone graft 16 1(6)
2018
Mostafa 45 (24 to 68) Curettage + argon beam coagulation + bone graft 15 1(7)
2017
Crowe 29 (13 to 56) Curettage + burr + phenol + argon beam + H202 + bone graft 10 1(10)
2015
En bloc resection + bone graft + internal fixation 1 0(0)
Erol 66 (28 to 130)* Curettage + burr + bone graft + PMMA + internal fixation + 59 2(3) 2(3)
2015 preoperative embolization
En bloc resection * bone graft + endoprosthetic reconstruction + 5 0(0) 0(0)
internal fixation
Kececi 108 (48 to 300) Curettage + bone graft + PMMA 14 1(@7)
2014
Curettage + burr + bone graft + PMMA 19 3 (16)
Curettage + burr + alcohol + phenol £ bone graft £ PMMA 43 6 (14)
En bloc resection 9 0(0)
Wang 84 (24 to 216) Curettage + burr * internal fixation 31 13)
2014
Flont 110 (36 to 228) Curettage + burr + bone graft 16 2(13)
2013
En bloc resection + bone graft 10 0(0)
Ibrahim 40 (24 to 70) Percutaneous curettage and suction 9 1(11) 1(11)
2012
Curettage + burr + bone graft + internal fixation 1(13) 0(0)
Cummings 39 (19 to 88) Curettage + burr + argon beam + bone graft 17 0 (0)
2010
Curettage + burr + phenol + bone graft 12 4(33)
Docquier 53 (24 to 106) Open biopsy + DBP + BM + TPC 21 5 (24)
2010
Peeters 55 (24 t0 122) Curettage + burr + cryosurgery + bone grafting + internal fixation 80 4 (5)
2009
Lin 35(24to 112) Curettage + burr + bone graft 53 10 (19)
2008
Basarir 48 (24 to 194) Curettage + bone graft 23 6 (26)
2007
En bloc resection 19 0(0)
Radiation therapy 2 1(50)
Curettage + cauterization + PMMA + bone graft 12 2(17)
Dormans 46 (24 t0 99) Curettage + burr + caterization + phenol + H202 + preoperative 44 8 (18)
2004 embolizationtbone graft
En bloc resection 1 0(0)
Ramirez 62 (26 to 117) Curettage + bone graft 23 8 (35)
2002
En bloc resection + bone graft + spinal fusion 6 0 (0)

"+" here designates "with or without".
*Median follow-up (interquartile range).

BM, bone marrow; DBP, demineralized bone powder; PMMA, polymethyl methacrylate; TPC, tricalcium phosphate cylinder.

application of a paste composed of demineralized bone
and bone marrow aspirate, without any formal curettage;
24% (5/21) of patients failed to heal at a mean follow-up
of 53 (24 to 106) months.

The most commonly injected substance was Poli-
docanol (44%);”“5 other substances included Ethibloc
(20%),%°45474? alcohol (14%),*? calcitonin with methyl-
prednisolone (12%),** methylprednisolone alone (1%),*

doxycycline (4%),*® and Surgiflo with alcohol (4%).*
The mean number of injections delivered to patients in
each study varied from 1.1 to 6.4, with patients in five
studies receiving five or more injections.':204346:50 Patients
receiving doxycycline injections required the greatest
number of treatment sessions, ranging between two
and 14 injections.’® The time interval between repeat
injections also varied, with one study reporting intervals

VOL. 2, NO. 2, FEBRUARY 2021



130 L. BAVAN, A. WIJENDRA, A. KOTHARI

Table IV. Outcome summary for all injection-based treatments.

Mean follow-up, Mean number of injections Recurrence, n

Study mths (range) Primary treatment (range) Cysts, n Failure, n (%) (%)
Puri 62 (20 to 111) Polidocanol 20(1to5) 55 9 (16) 4(7)
2020
Marie-Hardy 51 (16 to 117) Alcohol 1.7 (1to 4) 55 9 (16)
2019
Oliveira 46 (24-7) Calcitonin+ methylprednisolone 2.8(1to7) 47 4(9) 501)
2018
Ghanem 36 (24to 71) Surgiflo + alcohol 1.1 (1to 2) 16 5(@1)
2017
Shiels 42 (24 to 106) Doxycyline 6.4 (2to 14) 16 0(0) 1(6)
2016
George 54 (22 to 90) Ethibloc 1.2(1to2) 31 2 (6)
2009
Rastogi 34 (27 to 80) Polidocanol 3.0(1to05) 72 2(3)
2006
de Gauzy 61 (24 to 80) Ethibloc 1.1 (1to2) 12 3 (25)
2005
Topouchian 80 (47 to 116) Ethibloc 1.6 (1to 3) 15 4(27)
2004
Adamsbaum 60 (18 to 132) Ethibloc 1.4 (1to 3) 17 3(18)
2003
N/A, not available
Table V. Outcome summary for studies evaluating both surgical and injection-based treatments.
Mean follow-up, Mean number of Recurrence, n
Study mths (range) Primary treatment injections (range) Cysts, n Failure, n (%) (%)
Varshney 53 (38to73) Polidocanol injections 23(1to5) 45 1) 2(4)
2009
Curettage+ burr + bone graft 46 0(0) 7 (15)
Cottalorda 64 (25 to 169) Ethibloc injection 1 4 1(25)
2005
Methylprednisolone injection 1 2 2 (100)
Curettagetbone graft 14 2(14)
En bloc resection 1 0(0)

ranging between 0.2 and 20.1 months.*? Indications for
repeat injection were not reliably reported and the stage
at which treatment would have been considered a failure
was often unclear. For the 387 cysts treated with injection
therapy, 57 (14.7%) failed to heal or recurred following a
period of healing.

We found only one study comparing injection-based

in overall treatment success between the injection and
surgical treatment groups (93.3% vs 84.8%), however,
surgery was found to result in poorer functional
outcomes and a higher number of clinically important
complications, including two deep infections and two
disturbances of growth.

therapy with surgical treatment.? This single-centre RCT
was not sufficiently powered to detect significant differ-
ences with healing as the primary outcome measure,
with 94 patients randomized to two groups and three
lost to follow-up. The study was also found to be at
significant risk of bias due to non-stratified random-
ization, resulting in different baseline characteristics of
treatment groups, and a lack of assessor blinding. The
authors used objective radiological criteria for deter-
mining cyst healing and clearly define recurrence as
appearance of new radiolucency in a previously opac-
ified cyst. Treatment completion for injection therapy
was also clearly defined based on radiological progres-
sion. No statistically significant differences were noted

The complication profile of each treatment modality
was not consistently reported across all studies. Table IV
(Table VI) presents the overall frequency of specific
complications within all injection and surgery treatment
groups included in the review. Growth deformity (limb
length discrepancy or angular plane deformity) was the
most common complication reported in the surgical
treatment groups. Local skin related complications (indu-
ration, inflammation, hypopigmentation) were most
common among the injection therapy groups. Two
studies investigating Ethibloc injections reported several
serious complications including aseptic fistulae and one
pulmonary embolism.*4
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Table VI. Number of reported complications.
Surgery (n = 667)

Growth deformity 33
Superficial infection

Number

Deep infection
Transient neurology
Pathological fracture
Persistent pain
Reduced joint ROM
Graft nonunion

- w A U0 0 N

Injection therapy (n = 387)

1%
(%}

Local induration

w
w

Local inflammation

—
~

Hypopigmentation
Aseptic fistula
Growth deformity
Pathological fracture
Extravasion of contrast/sclerosant
Deep infection
Dizziness

Pulmonary embolism
Local skin necrosis
Sterile abscess
Persistent pain

B T T I I NV R. NN

Bradycardia

ROM, range of motion.

Discussion

This systematic review has critically evaluated studies
pertaining to the management of primary ABCs of the
long bones. Given the heterogeneity in study design,
treatment techniques, and reporting, it was not possible
to perform a quantitative synthesis of the outcome data.
All but one study was retrospective in design and only
nine studies reported on sample sizes of more than 50
patients. Treatment protocols were rarely consistent
within individual series; multiple adjuvant therapies were
used alongside surgical curettage and a variable number
of treatments sessions were performed for patients
receiving injection therapy. Indications for adjuvant treat-
ments or repeat injection therapy were often unclear, and
treatment success was poorly defined in many studies.
The only identified prospective study was found to be at
risk of bias and not sufficiently powered to detect signifi-
cant differences in primary outcomes. While both surgery
and sclerotherapy are widely implemented for treatment
of ABCs, there is currently no good quality evidence to
support the use of one option over the other.

This review focused on ABCs located in the long
bones, as lesions in other anatomical areas, including the
spine and flat bones, can present unique challenges and
require individualized treatment options. Series reporting
on fewer than ten patients were excluded to reduce risk
of reporting bias, and minimum follow-up was restricted
to 12 months to ensure an appropriate length of time was
allowed to detect the majority of recurrences.'? Surgical

curettage is reported to be the most commonly imple-
mented treatment for ABCs?** and the majority of studies
included in this review evaluated curettage with or
without some form of adjuvant therapy and grafting. The
remaining articles evaluated repetitive injection therapy
and failure rates were found to be similar across both
groups. As a result, several authors have concluded that
injection-based therapy is potentially a superior treatment
option when considering the invasiveness and compli-
cation profile of open surgery.'?204243 Wijth a predomi-
nantly paediatric population being affected, however, we
must also consider the considerable burden associated
with the multiple general anaesthetics required for most
injection therapies. In addition to the disruption this can
cause to a child’s life, there is also a risk that repeated
general anaesthesia can cause emotional and behavioural
disturbances.”!

Several studies attempted to compare surgical
methods and the benefits of particular adjuvant ther-
apies, however given study design and small sample
sizes, no strong conclusions can be drawn regarding
the superiority of one particular adjuvant or treatment
protocol. En bloc resection was studied in small numbers
and it is worth noting that all reported cases healed
with no evidence of recurrence. For injection therapies,
the majority of injected substances were alcohol-based,
with single studies evaluating doxycycline and calcitonin
with methylprednisolone. It was not possible to deter-
mine the ideal injectable substance, optimal number of
treatments, or time interval between treatments. Ethibloc
injections appeared as effective as other options but in
some cases were associated with serious complications.*®
Since publication of the included studies, Ethibloc has
been withdrawn from commercial use. Factors associ-
ated with treatment success or failure were examined in
several studies, which identified younger age of presen-
tation, 31323 involvement of the physis,** and previous
treatment (recurrent cysts)?' to be negative prognostic
indicators. Pathological fracture was not investigated as
a potential prognostic indicator.

ABCs are locally aggressive benign lesions often found
in the long bones of children and young adults. Several
treatment options have been proposed in the literature,
which vary significantly in cost, patient burden, and
complication profile. This review has failed to identify any
controlled studies that support the use of one treatment
strategy over another, and so there is a need for good-
quality prospective multicentre RCTs on interventions for
the treatment of ABCs. Future studies should implement
standardized treatment protocols, objective definitions of
treatment success and ideally a five-year follow-up.

Supplementary material
Medline search strategy (January 2000 to October
e 2020) and PRISMA checklist.
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