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Bone Cysts Involving the Hip

Laura Deriu, Sattar Alshryda, and James Wright

 Part I: Simple (Unicameral)  
Bone Cyst

 Introduction

A simple bone cyst (SBC) is a common non- 
neoplastic bone lesion in children. It is a fluid- 
filled cavity which consists of a single chamber 
(unicameral). Septations within the cyst are com-
mon, however, dividing the lesion into two or 
more chambers. As such, the term simple bone 
cyst is a more appropriate name [1]. The earliest 
description of SBC in the literature was attributed 
to Virchow in 1870, ([2]) and was subsequently 
identified in the remains of a child who lived in 
the early Middle Ages [3]. Early reports confused 
simple and aneurysmal bone cysts (ABC), often 
using the two names interchangeably.

The causes of SBC are not fully understood. 
Several theories have been proposed to explain 
why SBC is formed. The vascular theory is one of 
the earliest proposed, attributing cyst formation as 
being due to a localized blockage of interstitial 
fluid drainage from cancellous bone [4]. This was 
supported by two discoveries: a relative increase in 
pressure within the SBC compared to the contralat-
eral normal bone marrow, and the low oxygen ten-
sion within the cyst fluid as compared to venous 
and/or arterial samples taken simultaneously [5]. 
Proponents theorized that venous obstruction 
within the bone could cause the formation of a 
bone cyst with these characteristics [5].

The presence of synovial cells within a SBC sug-
gests that this entity may actually represent entrapped 
intraosseous synovium (secreting synovial fluid) 
within the bone. This was further supported by the 
striking similarities between synovial and SBC flu-
ids [6, 7]. More recently, genetic abnormalities have 
been described in children with SBC. Chromosomal 
translocation between chromosome 16 and 20 has 
been identified as a sole abnormality in SBC [8]. 
Cytogenetic analysis of an 11-year-old boy with sur-
gically resected SBC, revealed a highly complex 
clonal structural rearrangement involving chromo-
somes 4, 6, 8, 12, 16, and 21. These findings rein-
force the need for further research to understand the 
possible genetic causes of SBC [9].

“The causes of simple bone cyst are not 
yet fully understood but may be geneti-
cally determined”.
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 Pathophysiology

SBC usually starts as a small endosteal lesion 
which gradually increases in size to occupy most 
of the metaphysis [10, 11]. SBC is typically 
asymptomatic unless there is an acute or impend-
ing fracture. As the cyst grows in size it causes 
cortical thinning via endosteal erosion, reducing 
its structural integrity and predisposing to patho-
logic fracture. When an SBC is juxta-physeal 
(within 0.5 cm), it is described as being “active” 
which is believed to have a worse prognosis. SBC 
may cross the growth plate into the epiphysis and 
if so may cause growth disturbance and defor-
mity. Furthermore, treatments directed at cyst 
healing may have increased risk of growth arrest 
if cyst crosses into epiphysis. When an SBC 
migrates away from the physis, it is called a 
“latent cyst” which is believed to have a more 
benign course [1, 12].

Histologically, SBC appears as a single cyst 
that is lined a thin layer of epithelium. The walls 
of the cyst are thin and usually contains reactive 
bone formation, scattered giant cells and occa-
sionally cholesterol clefts are seen on the cyst 
wall. There are usually amorphous cement-like 
fibrin depositions which are considered impor-
tant clues for the diagnosis (Fig. 33.1) [13].

In a series of 143 patients with various bone 
cysts, Doganavsargil and colleagues showed that 
8.4% of patients exhibiting typical SBC features 
also had ABC-consistent areas either in the same 
biopsy sample (n  =  5) or in the repeat biopsy 
(n = 7).

It is reported that SBC can mimic ABC if there 
is a fracture and the fluid is replaced with blood. 
History of fracture, trauma or radiological images 
could aid the diagnosis.

The content of SBC has been studied. The cyst 
fluid is rich with prostaglandin E2, lysosomal 
enzymes, IL-1 and oxygen free radicals [14, 15]. 
These are often implicated with respect to the 
erosive changes of bone during cyst expansion. 
Since steroids are known to inhibit prostaglandin 
synthesis [16, 17], this may help explain the ben-
eficial effect of intralesional steroid injection for 
the treatment of SBC [18–20].

All SBCs are thought to eventually resolve but 
the bony changes can remain for a long time, 
making the definition of cyst healing more diffi-
cult [21]. Radiographic evidence of cyst healing 
have been suggested as follows: [22].

 1. Not healed:
 (a) Grade 1: clearly visible cyst
 (b) Grade 2: cyst that is visible but multilocu-

lar and opaque.
 2. Healed

 (a) Grade 3: sclerosis around or within a 
 partially visible cyst

 (b) Grade 4: obliteration of the cyst  (complete 
healing).

 Natural History

Our understanding of the natural history of SBC 
has advanced over the last decade, with more 
studies identifying aspects of its natural history 
and prognosis. The relative rarity of SBC in 
adults supports the hypothesis that some proceed 
to spontaneous resolution but not all cysts resolve 
after skeletal maturity and prognostic factors 
have not yet been determined.

Contrary to the common belief that SBC heals 
after a pathological fracture, this phenomenon is 

Fig. 33.1 Simple bone cyst histology. Simple bone cyst 
showing a thin-walled cyst filled with serous fluid. One- 
layer mesothelium-like epithelium lining the thin cyst 
wall. There is cholesterol deposition on the cyst wall and 
amorphous pink fibrinous substance. (H&E; ×100). 
(Courtesy Edmund Cheesman, Royal Manchester 
University Hospital)
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inconsistent and likely coincidental. The healing 
fracture callus initially fills the cyst with bone—
either fully or partially—but this usually resorbs 
after six months; with a low likelihood of persis-
tent cyst healing (Fig. 33.2). The reported healing 
rates of SBC following a fracture ranged between 
only 5–15% [23–26]. Neer reported 70% of the 
cysts had a repeat fracture within two years of the 
initial one [21].

“The reported healing rates of simple 
bone cyst following a fracture have been 
reported to be between 5–15%, and the 
majority do not heal”

Although SBC is considered a benign bone 
lesion—in the sense that it does not risk life or 
limbs—the potential physical, psychological and 
social problems that it can cause are serious. 

2004

2007

Fig. 33.2 Pathological fracture through a simple bone 
cyst. This young boy was treated with a hip spica for a 
pathological fracture secondary to a simple bone cyst. 

Although the cyst initially healed with bone filling the 
lesion; this bone eventually resorbed and the cyst was 
larger than pre-fracture at 3 year follow-up

33 Bone Cysts Involving the Hip
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Kaelin studied the natural history of 58 SBCs in 
57 patients. They developed 64 fractures in total; 
which were the initial presenting findings in 94% 
of the humeral cyst SBC but for only 47% of 
patients with femoral SBC [27]. Interestingly, 
there were more fractures in humeral cysts (50 
fractures in 31 patients) than femoral cysts (14 
fractures in 21 patients) but patients with femoral 
cyst underwent more operations (20 operations in 
12 patients) than those with humeral fractures 
(11 operations in 9 patients). The authors also 
observed the natural history of SBC in 11 
untreated humeral cysts that were followed for 
more than one year. Spontaneous healing 
occurred in five cases only (<50%), who had sus-
tained a total of nine fractures. Other studies 
reached same conclusion [1, 28].

Several characteristics have been studied to 
identify features that could predict pathologic 
fractures associated with SBC.  Kaelin and col-
leagues [27] introduced the concept of a “cyst 
index” (Fig. 33.3). The index is based on the pro-
portion of the radiographic area of the cyst and 

the size of the involved bone. A low cyst index 
indicates a small cystic area in relation to the 
bone; conversely, a high index indicates a large 
cyst. The smallest cyst in their series was mea-
sured as a cyst index of 0.1, the largest 12.78. 
They reported that there were no fractures in 40 
patients who had a cyst index lower than 3.5, 
even when they did not curtail their activities. 
They also showed that in 57 patients, no further 
increase in the cyst index occurred after its spon-
taneous decrease, which means that all cysts 
which begin to heal spontaneously will ultimately 
heal completely. Cysts with at least two consecu-
tive decreased indices of less than 3 and a cortical 
wall thicker than 2  mm were considered to be 
healed; as fractures were found to never occur in 
these patients.

The value of the cyst index has been contested 
as a good predictor for future fracture or healing. 
A study involving 32 SBCs (femoral and humeral) 
showed that the sensitivity, specificity, positive 
and negative predictive values were small; par-
ticularly for the femoral cysts (50%, 33%, 33% 

Fig. 33.3 Simple bone cyst index. The cyst index is cal-
culated by drawing a trapezoid around the borders of the 
cyst. The diameter of the diaphysis is measured in its 

tubular part. The cyst index = cyst area/diaphysis diameter 
squared. The cyst index can be calculated by the formula: 
((L + I)/2)*H/D2

L. Deriu et al.
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and 50% respectively). The 1.4-year short 
 follow- up of the study was a major weakness, 
however [29].

In a series of 75 children with SBC, Ahn and 
colleagues found that the width of the lesion occu-
pied more than 85% in both AP and lateral radio-
graphs for every case of associated pathological 
fracture [23] . Leong and colleagues introduced the 
use of a new model to assess bone structural integ-
rity associated with SBC based on quantitative 
computed tomography [30]. In their study, the resis-
tance of the affected bone to compressive, bending, 
and torsional loads was calculated via a rigidity 
analysis, performed using serial trans-axial quanti-
tative computed tomography data. They reported 
that no patient sustained a fracture when a favour-
able rigidity analysis resulted.

SBC has been shown to cause bone deformity 
even without fracture. This happens when the bone 
cysts involve or are close to the physis [31–36].

 Epidemiology

SBC is one of the most common benign bone 
tumours in children; along with osteochondroma 
and non-ossifying fibroma. SBC occurs most fre-
quently in children between 5–15 years old. It is 
rare in adults. Any bone can be affected but the 
proximal humerus and proximal femur are the 
most common sites for SBC; accounting for 
nearly 90% of all cases [37–39]. Neer reported 
the demographic distribution of 175 patients with 
SBC with the proximal femur being involved in 
18% of cases Table  33.1 [21]. The acetabulum 
was not an identified site for SBC in their series.

 Clinical Presentation

There is a spectrum of how patients with SBC 
may present. Some patients may be asymptom-
atic with the cyst being found incidentally during 
investigation after an injury or for unrelated rea-
sons. Some patients may present with pain in the 
involved bone that has been gradually getting 
worse. When pain is associated, it is typically 
activity related and relieved with rest. Pain asso-

ciated with a proximal femoral SBC may initially 
present as knee pain referred from the hip, lead-
ing to a delay in diagnosis and unnecessary inves-
tigations involving the knee (Fig.  33.4). Groin 
and thigh pain are also common presentations.

A pathological fracture was reported to be the 
initial presentation in just under 50% of patients 
with femoral SBC [27]. These fractures may 
occur even after a trivial trauma mechanism.

Physical examination of the patient with a 
bone cyst should include a general assessment to 
look for features associated with a more aggres-
sive lesion (decreased weight percentile, 
cachexia) that may suggest a neoplastic cause. 
The presence of fever and sweating may suggest 
an infectious cause. Associated pallor and jaun-
dice may suggest a haematopoetic cause.

A complete examination of the hip is required. 
For lesions associated with an impending patho-
logic fracture, an antalgic, and/or Trendelenburg 
gait may be apparent. Otherwise, the hip exami-
nation is typically normal. The examination 
should also include the axial skeleton and the 
uninvolved limbs. Any swelling, tenderness or 
deformities should prompt radiologic examina-
tion of any affected areas.

Palpation of major lymph node areas (e.g., the 
axillary and inguinal areas) is also appropriate as 
infection and malignancy are part of the differen-
tial diagnosis.

Table 33.1 Distribution of 175 simple bone cyst 
(adapted from [21]

Bone Number
Age in year 
(range) Male Female

Upper 
humerus

94 10 (1.5–25) 67 27

Lower 
humerus

4 13 (4–31) 3 1

Upper femur 31 18 (3–54) 25 6
Lower femur 6 10 (7–16) 4 2
Upper tibia 11 13 (3.5–25) 5 6
Lower tibia 9 18 (6–36) 5 4
Calcaneus 5 18 (8–39) 3 2
Radius 4 25 (6–38) 5 4
Fibula 4 10 (5–49) 2 2
Ilium 3 41 (33–48) 2 1
Ulna 2 6 (1.5–11) 2 0
Rib 2 32 (29–44) 1 1

33 Bone Cysts Involving the Hip
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Fig. 33.4 10 year-old male with simple bone cyst (SBC) 
of the proximal femur and right knee pain. (a) 
Anteroposterior (AP) and lateral X-rays of the knee show-
ing no abnormality. (b) After many months, AP pelvis and 
lateral hip X-rays are performed, identifying the presence 

of a bone cyst in the proximal femur. (c) T2-weighted 
MRI shows the lesion to be fluid-filled (homogenous high 
signal), consistent with the diagnosis of a SBC. (Courtesy 
Jason J. Howard)

a

b
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 Imaging

 Plain Radiograph

The plain radiograph appearance of SBC is virtu-
ally diagnostic. SBC is a well-defined lucent 
lesion with a narrow zone of transition. It is rare 
in skeletally mature patients. The lesion is often 
centrally located with well-defined sclerotic mar-
gin in the majority of cases with no periosteal 
reaction or soft tissue component. The cyst can 
expand the bone with thinning of the endosteum 
without breaching the cortex unless there is a 
pathologic fracture (Fig. 33.5) [40].

The “fallen fragment” (a.k.a. “fallen leaf”) 
radiographic sign was first described by 
Reynolds as pathognomonic in the radiographic 
diagnosis of a SBC (Fig. 33.6) [41]. The fallen 
fragment sign refers to the presence of a bone 
fracture fragment within the bone cyst. 
Although this sign is widely considered to be 
pathognomonic for SBC, it has occasionally 
been reported with other cystic lesions as well 
(e.g. eosinophilic granuloma) [42].

c

Fig. 33.4 (continued)

Essential Clinical Tests

There is no specific clinical test for simple 
bone cyst. However, several tests should be 
performed to exclude other conditions:

• General (fever, sweating, weight loss, 
pallor and jaundice are NOT features of 
simple bone cyst)

• Involved limb (unless there is a fracture, a 
limb with an associated SBC looks and 
feel normal in contrast to aneurysmal 
bone cyst or other cystic conditions)

• The child with an impending pathologic 
fracture of the proximal femur may have 
a gait disturbance: either antalgic or 
Trendelenburg.

• Pain associated with a proximal femoral 
UBC may initially present as knee pain 
referred from the hip. Groin and thigh 
pain are also common presentations.

• The rest of uninvolved part (simple bone 
cyst is a single bone disease. It is extremely 
rare to have more than one lesion present)

33 Bone Cysts Involving the Hip
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“The fallen fragment radiographic sign is 
not pathognomonic for simple bone cyst 
given its presence in other cystic lesions 
as well”

 Cross-Sectional Imaging

CT and MRI are not routinely required and often 
add little to the diagnosis, however, they can be 
helpful in eliminating other conditions that mimic 
SBC, such as ABC.  They are also helpful if a 
SBC is in close proximity to a growth plate where 
growth disturbance can potentially occur, partic-
ularly if the lesion is planned for curettage and 
bone grafting [43–45].

SBC can produce a wide variety of appear-
ances on MRI. The characteristic MRI signal for 
an uncomplicated lesion are low signals on T1 
and high signal on T2 (Fig. 33.7). For SBC, there 
are usually no fluid-fluid levels present on MR 
(indicative of blood within the cyst; a common 
finding associated with ABC) unless an associ-
ated fracture has occurred.

 Non-Operative Management

There is a role for non-operative treatment in 
selected cases with SBC.  A small cyst with a 
good cortical thickness in the upper limb which is 
completely asymptomatic can be observed and 
treated non-operatively. However, this is not usu-
ally the case in SBC involving the hip. In general, 

Essential Imaging Tests
• Plain radiographs

 – Fallen leaf (i.e. fragment sign)
 – Cyst index
 – For knee pain with normal radio-

graphs, consider imaging the pelvis
• MRI scan

 – Low signal on T1 and high signal on 
T2

 – No soft tissue swelling
 – No fluid-fluid levels unless there is 

an associated fracture

Fig. 33.5 Simple bone cyst involving the proximal femur. 
Simple bone cyst in a 5-year-old boy. The cyst is a well-
defined lucent lesion with a narrow zone of transition. The 
lesion is often centrally located with well- defined sclerotic 
margins in the majority of cases, with no periosteal reac-
tion or soft tissue component. The cyst can expand the 
bone with thinning of the endosteum without breaching the 
cortex unless there is a pathologic fracture associated

Fig. 33.6 Fallen leaf sign in a simple bone cyst. The 
fallen fragment sign (blue arrow) in a child with a patho-
logical fracture through a simple bone cyst in the left 
proximal humerus

L. Deriu et al.
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the following factors should be considered when 
deciding on non-operative treatment of SBC:

 1. The site of the cyst: upper limbs are general 
under lower stress than lower limbs. A cyst in 
the neck of femur are at more risk of a fracture 
and complications than a cyst in the femoral 
shaft or the iliac wings.

 2. The age of the child: younger children are 
more amenable to cast immobilization and life 
style restriction than older adolescents.

 3. The general health of the child and any associ-
ated co-morbidities.

 4. The available expertise and equipment.
 5. The child and the family willingness to accept 

risk of fractures/surgery.

Simple bone cyst involving the proximal 
femur are not ideal for non-operative treatments 
even when there is a fracture which is amenable 
to non-operative treatment. (Fig. 33.2) The reli-
ability of a fracture to heal a bone is low. The 
risk of having a fracture in a weight bearing 
bone is high. The time for cyst healing is often 
uncertain. This often leads to prolonged and 
arguably unnecessary restriction of children 
from living a healthy and active life. Therefore, 
we recommend to have a low threshold for oper-
ative intervention. This has also the advantage 
of providing histological confirmation of the 
type of cyst.

 Operative Management

Several operative interventions have been used 
to treat SBC with varying degrees of reported 
success. New treatments are still being devel-
oped to achieve better results. The operative 
interventions can be categorised into the follow-
ings [1, 46]:

Essential Non-operative Management 
Methods

 1. Observation.
 2. Restriction of risky sports.

Non-operative Pitfalls
 1. The persistence with non-operative treat-

ments when it is clearly not working.
 2. The long term restriction of sport and 

social activities to prevent “re-fracture.”
 3. Mistaking atypical malignant tumours 

for being simple bone cyst.

Fig. 33.7 MRI scan of a simple bone cyst. The character-
istic MRI signal for an uncomplicated lesion are low sig-
nals on T1 and high signal on T2. Usually there no 
fluid-fluid levels

33 Bone Cysts Involving the Hip
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 1. Intra-lesional injection
 2. Mechanical disruption of cyst lining (curet-

tage) with or without graft
 3. Trepanation and decompression
 4. Excision and subtotal resection with or with-

out grafting
 5. Combination of the methods above

 Intra-Lesional Injection

This is the simplest interventional treatment of 
SBC. Some authors consider it as a non-operative 
treatment. Steroid and bone marrow injection are 
the most common injections that are used for 
treating simple bone cyst.

Injecting a SBC is performed under C-Arm 
fluoroscopic localisation followed by the intro-
duction of a sharp needle percutaneously through 
the thinnest area of the cyst wall. Some surgeons 
use a radio-opaque dye to ensure correct needle 
position and to determine the presence of septa-
tions which may require multiple injection points 
to distribute the steroid evenly throughout the 
cyst (Fig. 33.8).

Steroid injection to treat SBC was first intro-
duced by Scaglietti, who noted that the fluid aspi-
rated from these lesions have similar characteristics 
to the synovial fluid from patients with rheumatoid 
arthritis who often improve after intra-articular ste-
roid injection [47]. He treated 72 cysts with up to 6 
injections of methylprednisolone acetate per case 
over 18  months, reporting that 60% healed com-
pletely, 36% healed partially, and 4% did not heal in 
that period. A few years later, he published a larger 
series (163 cysts) and reported that 55% of cysts 
healed completely and 45% had partial healing with 
steroid treatment alone [48]. Capanna reported sim-
ilar findings using steroid injection with a low 
recurrence rate of 7% [49–52]. He advocated the 
use of radiopaque contrast examination to identify 
non-contiguous septated areas to ensure the steroid 
is distributed through the whole cyst [53].

Various authors have reported comparable 
results and suggested refinements of percutane-
ous steroid techniques using different types of 
steroids, different steroid doses, and combining 
with bone graft augmentation [54–58].

Lokiec [38] published a preliminary case series 
of 10 patients with SBC who were treated with bone 
marrow injection. The rationale of using bone mar-
row derived from the availability of stem cells and 
undifferentiated cells that have the potential to 
become osteogenic. All patients in the series became 
pain free after a mean of two weeks post-injection 
and resumed full activities by six weeks. All cysts 
consolidated radiologically and demonstrated 
remodeling within four months. A longer term 
review at 12 to 48  months post-injection showed 
satisfactory healing without any complications.

Lokiec findings have not been replicated by 
others [59–61]. Yandow [61] reported an 83% 
(10/12) success rate with bone marrow injection. 
Delloye and colleagues [62] reported good results 
in approximately 88% (7/8) of their patients. 
Kose and colleagues [60] reported complete heal-
ing in only 16% (2/12), partial healing in 75% 
(9/12), and no healing in 8% (1/12). They also 
reported a 59% recurrence rate.

Chang and co-workers did not find bone mar-
row superior to steroid for SBC injection in a 
comparative study of 79 patients [63]. The 
injection technique and demographics were 

Fig. 33.8 Simple bone cyst steroid injection. After a 
sharp needle is introduced into this SBC, a radiopaque dye 
is injected to ensure that the needle is in the correct posi-
tion then either steroid or autologous bone marrow can be 
reliably injected

L. Deriu et al.
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standardised between the two groups so that the 
only difference was the substance injected into 
the cysts. Repeated injections were required in 
57% of patients after bone marrow and in 49% 
after steroid. No complications were noted in 
either group.

Wright and colleagues conducted a randomized 
controlled trial comparing bone marrow injection 
with steroid (methylprednisolone acetate) injection 
in 90 patients. They reported that sixteen (42%) of 
the 38 cysts treated with methylprednisolone ace-
tate healed, and 9 (23%) of the 39 cysts treated with 
bone marrow healed (p = 0.01). There was no sig-
nificant difference between the groups with respect 
to function, pain, number of injections, additional 
fractures, or complications [64].

Kadhim and co-workers conducted a system-
atic review and meta-analysis of 62 studies (3211 
patients with 3217 SBC) [65]. The pooled esti-
mate of steroid injection showed a healing rate of 
(77.4%), comparable to bone marrow injection 
(77.9%). A higher healing rate was observed with 
steroid injection when inner wall disruption was 
performed.

 Mechanical Disruption of Cyst Lining 
(Curettage) with or Without Bone Graft

The rationale of this modality of treatment is 
based on the theory that the SBC is caused by 
entrapped synovial tissue within the bone. This 
synovial tissue secretes the fluid within the cyst. 
The combination of intracystic pressure and the 
erosive constituents of the fluid leads to a gradual 
increase in cyst size. Therefore, removing the 
ectopic tissue in theory should heal SBC.  This 
has been shown to be somewhat true.

The relative success rate of steroid in healing 
SBC spread enthusiasm to experiment with  various 
types of cyst fillers to find a superior material that 
induce a consistent and reliable bone healing. 
Kadhim and co-workers investigated the published 
evidence of various type of fillers [65]. Their find-
ings are summarised in Table 33.2. They demon-
strated a success rate of 39% with conservative 
treatment (observational management only), 51% 
with curettage only, and consistently higher suc-
cess rates when the curated cysts were filled with 
bone graft or a bone substitute (over 75%).

Table 33.2 Treatment of simple bone cyst (SBC) (single studies of less than 5 SBCs were excluded) adapted from 
(Neer, Francis et al. 1966)

Treatment SBCs Success Failure
Success 
rate Notes

Only curettage 31 16 15 51% 6 studies
Curettage with allograft 353 271 82 76.7% 13 

studies
Curettage with allograft + bone marrow 23 21 2 91.3% 1 study
Curettage with autograft 128 96 32 75% 11 

studies
Curettage with pellets 115 104 11 90% 8 studies
Curettage with hydroxyapetite 25 22 3 88% 2 studies
Curettage with ceramic 12 12 0 100% 1 study
Curettage + Zinc cauterization of the cyst 9 8 1 88% 1 study
Curettage with myoplasty 35 32 3 91% 1 study
Curettage with bone graft + Kuntcher nail stabilization (rinsing the 
cyst cavity with peroxide)

12 9 3 75% 1 study

Curettage with bone graft + plate stabilization 10 9 1 90% 1 study
Curettage with pellets + plate stabilization 7 6 1 85.7% 1 study
Minimal invasive curettage + ethanol cauterization + calcium 
sulfate pellet + cannulated screw

12 11 1 91.6% 1 study

Curettage + autograft + allograft with IM nail stabilization 19 11 8 57.9% 1 study
Conservative treatment 149 58 91 39% 11 

studies

33 Bone Cysts Involving the Hip
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 Trepanation and Cyst Decompression

A less invasive technique was proposed by 
Komiya and colleagues named “trepanation” [10, 
11]. It involves creating multiple drill holes 
through the SBC, draining of cyst fluid, and 
lavage of the cystic cavity with saline. They 
reported a 91% (10/11) success rate with one 
patient having a pathological fracture and two 
others with partial recurrence. In a series of 23 
patients who underwent he “trepanation” tech-
nique, recurrence of the cyst occurred in 15 cases 
after the initial operation [66]. Twelve of these 
were treated with re-operations. At 5-year fol-
low- up, 15 cases had healed and the 8 that did not 
required no further treatment.

The increased intracystic pressure com-
bined with corrosive nature of cystic fluid 
have been implicated with the pathogenesis of 
SBC. Therefore, it is logical to think that continu-
ous drainage would lead to cyst healing or at least 
slow its progression [14, 15]. This is the basis for 
decompression and continuous drainage treat-
ment. Several implants have been proposed to 
achieve decompression and continuous drainage 
including K-wires, elastic or solid intramedullary 
nails and cannulated screws (Fig. 33.9). In addi-
tion, K-wires and intramedullary nails provide 
stability and early return to daily activities. Using 
cannulated screws for continuous decompression 
has a reported success rate of 77% [49, 67–70].

 Excision and Subtotal Resection 
with and Without Grafting

Historically, a more aggressive surgical approach 
was used to minimize the reported recurrence 
rates. Kadhim and co-workers pooled data of 83 
patients from 6 studies that performed subtotal 
excision with a reported success rate of 91.5%. 
This approach came with higher complications 
rates, however. McKay and Nason reported on 21 
patients who underwent subtotal resection but 
without bone grafting. Seven of these patients 
developed fractures at the time of surgery (6, 
humerus; 1, femur) [71]. More solid internal fixa-
tion techniques have emerged to overcome iatro-
genic fractures [72, 73].

 Combinations of the Methods Above

Many surgeons have adopted a multimodal treat-
ment including opening of the cyst wall, curet-
tage, filling the void with a bone substitute and 
stabilisation using appropriate fixation 
(Fig. 33.10) [74]. The search for the most optimal 
treatment of SBC is ongoing.

“The available evidence is insufficient to 
support a single approach for treating 
simple bone cyst. However, the trends 
indicate that success rates were lowest 
with conservative treatment, higher with 
curettage alone, and the highest with 
curettage and grafting”

Essential Surgical Techniques
Percutaneous Curettage and grafting

 1. Preoperative planning is essential. The 
approach is dictated by the location of the 
bone cyst and the adjacent structures that 
can be at risk. We will describe the tech-
niques using the following example of a 
proximal femoral SBC.

 2. Patient is positioned supine on radiolu-
cent table. X-ray check to ensure ade-
quate visualisation of the lesion.

 3. Plan the type of graft to fill the bone 
defect (if you plan to graft it) and ensure 
that adequate supply is available. Some 
of commercially available pellets are 
mixed with antibiotic (although antibi-
otic is not required in SBC). Caution 
should be taken not to exceed the maxi-
mum dose of the antibiotic.

 4. Prepare for the worst case scenario 
should an intraoperative fracture occur. 
An adequate stabilisation system 
should be available.

 5. Under x-ray guidance, introduce a 
3.2  mm guide wire percutaneously 
toward the cyst. Utilise the X-ray fluoros-
copy for accurate positioning (Fig. 33.11)

 6. A small stab wound is made along the 
track of the guide wire to create a 
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 Part II: Aneurysmal Bone Cyst

 Introduction

Aneurysmal bone cyst (ABC) is different to the 
simple bone cyst (SBC). Although, it is often 
described as a benign bone condition, it is locally 
aggressive with much higher recurrence rates 
than SBC.  ABC typically affects people in the 
second decade of life. On plain X-ray, ABC 
appears as a solitary, expansile, radiolucent lesion 
in the metaphyseal region of the bone [12]. 
Patients usually present with pain, swelling, a 
pathologic fracture, or a combination of these 
features.

Early reports confused SBC and ABC.  In 
1940, Cope described a 19-year-old patient pre-
sented with pain in the right hip. X-ray showed 
a large cystic space. Intraoperatively, he found 
thin walled loculi containing blood-stained fluid 
(Fig.  17). Histological examination showed 
amorphous debris and organized blood clot. Cope 
regarded the cyst as a simple bone cyst. Two years 
later, Jaffe and Lichtenstein published on “uni-
cameral bone cysts with peculiar blood- containing 
cysts of large size”. These cysts were expansile 
and showed evidence of erosion of the surround-
ing bone with encroachment of the surrounding 
tissues. Intraoperatively, the cysts had thin, bony 
walls and contained bloody fluid [79]. It is man-
datory to distinguish ABC from SBC, as their 
prognosis and treatment are different [80].

“It is mandatory to distinguish ABC from 
SBC, as their prognosis and treatment are 
different”

space for the drill sleeve. Use a can-
nulated 6.5 mm drill to create a hole in 
the lateral wall of the cyst. (Fig. 33.12)

 7. Send cyst fluid for cytology (and 
microbiology, if infection is suspected). 
Then perform a thorough and system-
atic curettage using angled curettes and 
suction. Open the cyst toward the med-
ullary canal (Fig.  33.13). Send tissue 
for histology. Gentle curettage is 
required close to the growth plate. 
X-ray screening is helpful. Some sur-
geons recommended using endoscopy 
to aid this step [75–78].

 8. After adequate curettage and washout, 
the cyst cavity can be packed with either 
bone graft or artificial bone substitutes. 
Our preference is to use calcium sulfate 
pellets. We adopted a useful technique 
to introduce the pellets into the cavity 
by using a Yankauer sucker cut in half. 
This is introduced over a guide wire 
into the cavity then the pellets are 
pushed through it (Fig. 33.14).

 9. Ensure the bone graft fills the cyst 
completely (Fig.  33.15). Based on 
compliance, we usually put the child in 
a hip spica.

 10. Using a device(s) to promote continu-
ous drainage and provide stability 
(such as flexible nailing, cannulated 
screws or plates) has become popular 
but this approach has yet to show supe-
rior sucess rates.

Operative Pitfalls
 1. Poor informed consent. It is striking 

how often we see patients and parents 
who have been poorly counselled about 
the condition, the treatments options 
and outcomes.

 2. Persisting with non-operative treatment 
when it is clearly not working.

 3. Failure to take adequate sample for 
histology.

 4. The reluctance to perform a second 
curettage when the first one has not 
been optimally successful.

 5. Underestimating the growth effect on the 
metal ware position and effect (Fig. 33.16)

33 Bone Cysts Involving the Hip



798

 Pathophysiology

Several aspects of the aetiology and pathophysi-
ology of ABC remain unknown; despite advance-
ments in basic and molecular research. Several 
theories have been proposed to explain the nature 
of ABC but none has been widely accepted. Most 
investigators believe that ABC is a vascular mal-

formation within the bone. This can be a primary 
malformation (when no cause can be found) or 
secondary to other pathologies. Histologically, 
ABC is characterized by cystic spaces filled with 
blood and separated by fibrous septa containing 
osteoclast-like giant cells. However, these cystic 
spaces lined by fibroblasts, myofibroblasts and 
histiocytes but not endothelium (Fig. 33.18).

Fig. 33.9 The use of 
solid intramedullary nail 
in treating simple bone 
cyst of the proximal 
femur
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1 2 3

Fig. 33.10 Multimodal treatment of simple bone cyst. 
This 5-year-old boy presented with a simple bone cyst of 
the femoral neck (image 1). He was treated with curettage, 
artificial bone substitute (using calcium sulfate pellets), 

continuous decompression using a cannulated screw (sec-
ond short screw from the top), and stabilisation using 
locking femoral proximal plate (image 2). The cyst has 
almost disappeared 5 months after treatment (image 3)

Fig. 33.11 Localising the simple bone cyst under fluo-
roscopy screen

Fig. 33.12 Creating adequate hole in the lateral wall of 
the cyst to allow curettage
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Fig. 33.13 Systematic curettage is important to ensure adequate removal of cyst membrane

In around 60% of ABC cases, a characteristic 
genetic abnormality has been demonstrated in 
which there is a clonal translocation between 
chromosome 16 and 17. This abnormality was 
not found in secondary ABC [81–85]. The mech-
anism on how this translocation leads to ABC is 
still unknown.

ABC can occur secondary to other bony 
abnormalities, including bony trauma [86]. It 
has been reported that over 20% of ABC was 

associated with other bony abnormalities such 
as giant cell tumours, fibrous dysplasia, osteo-
blastoma, chondromyxoid fibroma, nonossify-
ing fibroma, chondroblastoma, osteosarcoma, 
chondrosarcoma, unicameral or solitary bone 
cyst,  hemangioendothelioma, osteosarcoma 
and metastatic carcinoma [87]. Although sec-
ondary, the ABC features may predominate, 
masking the real lesion and this poses a diag-
nostic challenge [88].
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 Natural History

Benign bone tumours have been classified into 3 
groups or stages [89]:

Stage 1: Inactive (latent). This refers to lesions 
which are not causing pain and show no evidence 
of active growth. Stage 1 lesions are generally 
treated with observation only.

Stage 2: Active. This refers to lesions which 
are causing pain or some form of disability. If a 
lesion has weakened the structure of the bone 
such that fracture may occur, the lesion would 
also be considered a Stage 2 lesion.

Stage 3: Aggressive. This refers to lesions 
which are large, have broken into the soft tissues, 
or have caused a pathologic fracture. These 
lesions are usually prone to local recurrence and 
have the potential of causing a major problem for 
the patient.

ABC, although benign, can present in any of 
the three stages above: latent, active and aggres-

Fig. 33.14 The Yankauer sucker technique to pack the 
bone cyst

Fig. 33.15 The graft should fill the whole cavity
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sive. On one hand, the lesion can be asymptom-
atic; resolving spontaneously or after a simple 
biopsy. On another hand, it can be very aggres-

sive, expanding at a fast rate and destroying one 
end of the bone [80]. Contrary to SBC, malignant 
transformation of ABC has been well docu-
mented; particularly when treated with radiother-
apy, further complicating its diagnosis and 
treatment [49, 90, 91].

Malignant transformation has been reported in 
ABC that was treated several years before. Some 
linked this to previous radiotherapy [49, 90, 91].

 Epidemiology

Several epidemiologic aspects of ABC are simi-
lar to SBC. ABC is more common in long bones 
(67% of cases) with the femur being the most fre-
quently involved bone; followed by the tibia, 

September 2015 July 2016

August 2016 September 2018

Fig. 33.16 Distal migration of metal ware of proximal 
femur. This is the same 5-year-old boy presented in 
Fig. 33.10. The 4 X-rays demonstrate how the effect of the 
proximal femoral physeal growth on the metal ware posi-

tion over 3 years; from September 2015 until September 
2018. As the bone grows the metal ware migrate distally 
with the bone. Patient underwent revision of the proximal 
screws only in July 2016.

Fig. 33.17 Macroscopic features of Aneurysmal bone cyst. 
An aneurysmal bone cyst demonstrating cavities filled with 
blood in different sizes and separated by septa. (Courtesy 
Edmund Cheesman, Royal Manchester University Hospital)
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humerus and fibula. Virtually any bone can be 
involved. The pelvis has been involved in only 
9% of the cases [90]. Some reported that there is 
a predilection for the distal femur metaphysis but 
our personal experience is that ABC is more 
common in the proximal femoral metaphysis [80, 
90]. Pelvic lesions involve the obturator foramen 
more often and are typically peripheral to the tri-
radiate cartilage (Fig. 33.19) [90].

The incidence of ABC is 0.14 to 0.32 per 
100,000 per year, with 75 to 90% of cases 

occurring before the age 20 years. ABC is rare 
after the age 30 years and exceptional after the 
age 50 [88, 92].

 Clinical Presentation

Unlike SBC, patients with ABC are often 
symptomatic. Associated symptoms and signs 
may include pain, a palpable mass or swelling, 
pathologic fracture, or a combination of these. 

1

2 3

Fig. 33.18 Aneurysmal bone cyst histology. (1) Cystic 
spaces filled with blood and separated by fibrous septa 
(H&E; ×25). (2) Fibrous septa containing giant cells, 
hemosiderin-laden macrophages and osteoid (H&E; ×50). 

(3) Cysts and septa lined by fibroblasts, myofibroblasts 
and histiocytes but not endothelium (H&E; ×100). 
(Courtesy Edmund Cheesman, Royal Manchester 
University Hospital)
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As ABCs usually expand slowly, the symp-
toms are usually insidious; often present for 
several weeks to months before the diagnosis 
is made. Pathologic fracture is not a common 
presentation of ABC and accounts for 8% of 
the cases.

Children with proximal femoral ABC, like 
symptomatic SBC, may present with an antalgic 
or Trendelenberg gait. They may also be tender 
over the proximal femoral metaphysis. Pain with 
weightbearing suggests an impending pathologic 
fracture which should be treated with prophalac-
tic surgery.

 Imaging

 Plain Radiographs

ABC classically appears as an eccentric, radiolu-
cent cystic lesion circumscribed by a thin layer of 
the cortical bone (Fig. 33.20). Septations within 
the cyst gives it a multi-locular appearance, 
which has been colloquially described as a “soap 
bubble appearance.” (Fig. 33.20).

 Cross-Sectional Imaging

Computed tomography (CT) scan is helpful in 
assessing cortical breach and soft tissue extension 
into soft tissues. It can also help determine whether 
the ABC is secondary to another primary lesion 
(Fig. 33.21). Magnetic resonance imaging (MRI), 
however, is the gold standard to image ABC. It can 
show the characteristic fluid-fluid levels beautifully 
(Fig. 33.22) but, more importantly, it can identify 
the presence of a solid component; suggesting that 
the aneurysmal bone cyst is secondary. Although 
fluid-fluid levels are characteristic MRI features 
associated with ABC, they have also been reported 
in other conditions such as SBC, giant cell tumours, 
chondroblastoma, and telangiectatic osteosarco-
mas, and as such are not pathognomonic.

On MRI scan, ABC gives a variable signal 
reflecting its blood contents which gives different 
signals depending on the aging of the blood and 
clot. This is usually surrounded by a rim of low 
T1 and T2 signal (Fig. 33.22) [87].

The close resemblance between ABC and tel-
angiectatic osteosarcoma (TOS) deserves empha-
sis. Both lesions have an osteolytic expansile 
appearance on plain radiographs with fluid–fluid 
levels within cystic cavities identified on 
MRI. Even histologically, they overlap consider-
ably. Three radiological signs favour the diagno-
sis of TOS over ABC [93]:

 1. Thick, nodular, and contrast enhancing tissue 
surrounding the cyst-like spaces on cross- 
sectional imaging, as opposed to the thin non- 
nodular borders of ABC

 2. The presence of matrix mineralization reflecting 
an underlying osteoid-producing tumour. Any 

Essential Clinical Tests
There are no specific clinical tests for aneu-
rysmal bone cyst; however, the following 
signs are helpful

 1. Deformity is more common than with 
simple bone cyst

 2. Decreased range of motion, weakness, 
or stiffness

 3. Bruit over the affected area
 4. Warmth over the affected area

Fig. 33.19 Pelvic aneurysmal bone cyst. Pelvic lesions 
often involve the obturator foramen and are typically 
found peripheral to the triradiate cartilage. (Courtesy 
Jason J. Howard)
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solid area that is 1 cm or larger should raise the 
suspicion that this is not primary ABC [12].

 3. Cortical destruction indicative of the more 
aggressive lesion with associated soft-tissue 
mass as opposed to the typically well-defined 
encapsulated margins of ABC and lack of 
soft-tissue mass.

Fig. 33.20 Aneurysmal bone cyst of the proximal femur. The typical “soap bubble” radiographic appearance is appar-
ent, along with expanded and thinned cortices with internal septations

Essential Imaging Tests
• MRI scan

 – Fluid-fluid levels
 – Variable signals surrounded by a rim 

of low T1 and T2 signal
• FOG MACHINES differential diagnosis 

list for ABC:
 – F: fibrous dysplasia (FD) or fibrous 

cortical defect (FCD)

 – O: osteoblastoma
 – G: giant cell tumour (GCT)
 – M: metastasis(es)/myeloma
 – A: aneurysmal bone cyst (ABC)
 – C: chondroblastoma or chondromyx-

oid fibroma
 – H: hyperparathyroidism (brown 

tumour)
 – I: infection (osteomyelitis), intraos-

seous lipoma
 – N: non-ossifying fibroma (NOF)
 – E: enchondroma or eosinophilic 

granuloma (EG)
 – S: simple (unicameral) bone cyst
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An accurate diagnosis of ABC is essential 
because of its close resemblance to some malignant 
conditions. Biopsy and histological examination is 
mandatory for accurate diagnosis. Incisional biopsy 
is the current gold standard of diagnosis. Although 
fine-needle aspiration biopsy is tempting, it lacks the 
specificity to accurately diagnose ABC [94–96].

“An accurate and timely diagnosis of ABC is 
critical because the differential diagnosis 
includes both benign and malignant lesions. 
Biopsy is mandatory for accurate diagnosis”.

 Non-operative Management

There is a limited role for non-operative treat-
ment in ABC. Although spontaneous healing has 
been reported, it is uncommon. There are two 
essential conditions to meet before pursuing non- 
operative treatment for ABC:

 1. The diagnosis has been confirmed without a 
doubt using the gold standard incisional 

Fig. 33.21 CT scan of femoral neck aneurysmal bone cyst. A 3-year-old child with aneurysmal bone cyst of the femo-
ral neck. CT scan showed the multi-loculated nature of the cyst and breach of the cortex (red arrow)
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biopsy (fine needle biopsy is considered to be 
suboptimum).

 2. The site and the stage of the lesion do not pose 
a substantive risk of fracture or further 
destruction. For lesions involving the proxi-
mal femur, weakening of the bone predisposes 
to pathologic fracture which should likely be 
treated prophylactically rather than watching 
and waiting.

 Operative Management

Operative treatment is recommended for ABC 
involving the hip. Several techniques have been 
described with variable success rates. Early and 
accurate diagnosis is essential for successful 
treatment. Secondary ABC may be associated 
with malignant primary conditions which need 
urgent referral to an orthopaedic oncologist. In 
this section we described the commonly recom-
mended surgical techniques for the surgical man-
agement of primary ABC.

 Curettage and Adjunctive Treatments

Cyst curettage and bone graft remains the cur-
rent standard of treatment with a reported recur-
rence rates 14–59% [12, 97]. The high recurrence 
rates have prompted a barrage of adjunctive 
treatments which can be summarised as follow:

High Speed Burr
Successful curettage requires complete removal of 
the abnormal tissues. Most benign bone lesion 
including ABC have the outer rim closely adherent 
to the host bone. The bases of high-speed burr are to 
destroy the abnormal tissues to the level of the cir-
cumscribing bone. Several authors reported a suc-
cess rates between 80 and 90% [98, 99]. (Fig. 33.23).

The use of high speed burr may not be possi-
ble in ABC that is close to the physis (juxtaphy-
seal cyst) or when the bone is very thin with an 
important structure in the vicinity such as cyst in 
the spine and certain pelvic areas.

Fig. 33.22 MRI scan of an aneurysmal bone cyst in the 
proximal femur showing fluid-fluid levels (red arrows)

Essential Non-operative Management 
Methods
Aneurysmal bone cyst can be treated 
expectantly if:

 1. The diagnosis has been confirmed with-
out a doubt by biopsy.

 2. The risk of pathologic fracture or fur-
ther destruction is very low.

Non-operative Pitfalls

 1. The diagnosis is not confirmed or 
delayed

 2. Relying on suboptimal methods to con-
firm diagnosis

 3. Underestimating how fast some ABC 
can expand
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Bone Cement
Bone cement has been used in malignant bone 
tumours to fill voids and provide immediate sta-
bilisation of the involved bone. This has been 
successful in providing immediate pain relief and 
mobility. Its use has been expanded to benign but 
aggressive bone tumours such as ABC [100]. The 
exothermic reaction associated with curing of the 
cement is believed to damage abnormal cells and 
acts as a recurrence adjuvant [101]. Several 
authors have reported that recurrent rates had 
been reduced by half using bone cement [101–
103]. There are several disadvantages to using 

bone cement in children. Bone cement is not 
osteoconductive—nor osteogenic—and thus 
there is no potential for osseous incorporation. 
Although it provides immediate structural sup-
port for axial loading, it does weaken the bone 
against torsional forces. It can lead to stress 
shielding—increasing the risk of future patho-
logic fracture—and as a foreign body which may 
act as a nidus for infection.

Phenol
Phenol has been used in several medical and sur-
gical fields. It is well known in treating in- 

a b

c d

Fig. 33.23 Treatment of 15-year old male with a symp-
tomatic primary aneurysmal bone cyst of the left pubic 
ramus. Surgical treatment included curettage, high speed 
burring of the cyst walls, and calcium sulfate pellet pack-

ing, through an ilioinguinal approach (a–c). Excellent 
healing of the cyst has occurred by 2 years post- operatively 
(d). (Courtesy Jason J. Howard)

L. Deriu et al.



809

growing toe nails by chemically destroying the 
germinal matrix which is responsible for regener-
ating a new nail [104–106]. its use has been 
extended to treat benign bone lesions such as 
ABC. After a thorough curettage, phenol is used 
to wash the lesion, removing remaining tumour 
cells [107]. Bitzan and colleagues reported an 
overall recurrence rate of 11.8% in 34 patients 
who underwent surgery for ABC.  Of these, 9 
patients who received local phenol therapy after 
curettage and bone graft, no recurrence was 
observed [108]. Capanna and colleagues studied 
165 cases of benign bone tumours (ABC, chon-
droblastoma and giant cell tumour) and reported 
a 7% recurrence rate following curettage and 
phenol versus 41% with curettage alone [107]. 
However, in another retrospective comparative 
study of 85 patients, Kececi and colleagues found 
no extra advantage of using Phenol over curet-
tage and high-speed burr [109].

Cryosurgery
Cryosurgery has been successful used to treated 
some skin tumours and non-tumorous conditions. 
The principle of cryotherapy or cryosurgery is 
that the freezing temperature destroys pathologi-
cal cells and help prevent recurrence. Enthusiasts 
reported low recurrence rate using cryosurgery 
(5%); however, the treatment is not widely 
adopted because of high complication rates which 
include postoperative fractures (14%), skin necro-
sis and wound infection (8%) [110–113].

Argon Plasma Coagulation
Argon Plasma Coagulation (APC) technique was 
adopted by gastroenterologists to control bleed-
ing in the gastrointestinal tract. APC involves the 
use of a jet of ionised argon gas that is directed 
through a probe passed through the endoscope. 
The probe is placed at some distance from the 
bleeding lesion, and argon gas is emitted then 
ionised by a high voltage discharge (approxi-
mately 6 kV). High-frequency electric current is 
then conducted through the jet of gas, resulting in 
coagulation of the bleeding lesion on the other 
end of the jet. The depth of coagulation is usually 
only a few millimetres and it is pretty safe even in 
a very thin bowel walls such in caecum [114].

The same principle has been utilised in the treat-
ment of ABC and other benign bone lesions. 
Directing APC beam therapy on the edges of the 
remaining lesion after curettage has been shown to 
reduce recurrence rates. Cummings and colleagues 
compared 17 patients who were treated with curet-
tage and APC and 12 who were treated with curet-
tage with or without phenol. None of the 17 patients 
treated with curettage and APC had a recurrence, 
whereas four patients treated without ABC had 
recurrences. They did not find differences between 
the two groups with regards to intraoperative com-
plications, neurovascular injury, or bone graft incor-
poration [115]. Steffner and colleagues published 
their experience in treating 96 patients with ABC 
with a median duration of follow-up of 29.5 months. 
The overall rate of recurrence rate was 11.5%. The 
rate of recurrence was 20.6% after curettage and 
high- speed- burr treatment alone and 7.5% after 
curettage and high-speed-burr treatment plus 
APC.  The 5-year Kaplan-Meier survival estimate 
was 92% for patients managed with curettage and 
adjuvant treatment with a high-speed burr and argon 
beam coagulation, compared with 73% for patients 
managed with curettage and a high- speed burr only 
(p = 0.060). However, this low recurrence rate was 
offset by the higher postoperative fracture rate of 
12.5% with APC compared to 0% in the curettage 
and burr group. The authors attributed this to the 
APC; resulting in desiccation and osteonecrosis 
[116].

 Arterial Embolization

Arresting the blood supply to ABC by emboliza-
tion has been employed in areas that cannot be 
accessed surgically without high risk of compli-
cations. These include the spine, pelvis and 
sacrum most commonly. Embolization has been 
used as a solo treatment or adjuvant therapy in 
the treatment of these lesions. It requires special 
expertise and recurrence rate is high after first 
attempt but it decreases with further attempts. 
Rossi and colleagues showed that selective 
 arterial embolization in 36 patients (of these, 17 
were in the pelvis and 5 were in the sacrum) was 
effective in 94% of the cases; although 39% 
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required more than one attempt. They reported 
two cases of associated skin necrosis and one 
transient paresis [117].

 En Bloc Excision

This treatment modality has been fallen out favour 
as the resultant morbidity is unacceptably high. 
There are a few exceptions when en bloc excision or 
total resection is advised. Recurrent and/or refrac-
tory ABC can be treated by en bloc resection for 
areas that can be easily sacrificed without impairing 
function (such as the ribs or toes) but this is a rare 
occurrence for ABC involving the hip and pelvis 
(except, perhaps, lesions of the iliac wing). Several 
studies reported a very high success rates of 
95–100% using the en bloc approach [90, 102, 
118]. Flont and colleagues reported no recurrence 
after en bloc excision in comparison to curettage. 
However, patient morbidity was increased with en 
bloc procedures compared to curettage; with pain 
(en bloc 20% versus curettage 6.25%), limb length 
differences (en bloc 20% versus curettage 12.5%), 
reduced range of motion (en bloc 20% versus curet-
tage 6.25%) and muscle strength impairment (en 
bloc 50% versus curettage 31.2%) being relevant. 
These differences, however, were not statistically 
significant (P > 0.05) [118].

 Radiotherapy

Radiotherapy is another treatment of ABC that 
has fallen out of favour due to adverse side 
effects—namely radiation-induced sarcoma 
[110, 119]. Radiotherapy was used either as an 
adjuvant therapy or the main treatment. There are 
limited indications for radiotherapy for ABC 
management, but those that are recurrent, inoper-
able, or located in areas that are difficult to access 
may benefit [12]. It consists of external beam 
radiation to induce cellular death. The dose 
should be minimized (approximately 3000 to 
5000  cGy) to decrease the risk of radiation 
induced sarcoma. In growing children, the physes 
are at risk of radiation-induced damage and sub-
sequent growth disturbance(s).

“Radiotherapy should be limited to ABCs 
that are recurrent, inoperable, or located 
in areas that are difficult to access”

 Emerging Treatments

ABC treatment remains challenging. None of the 
present treatments have been proven to be superior 
to others, whereas more aggressive approaches 
(complete excision and radiotherapy) have been 
associated with unacceptable complications. The 
search for a better treatment has been ongoing. The 
following treatments are being evaluated:

Curopsy
Curopsy is a mixture of the two words “Cure” 
and “Biopsy”. Reddy and colleagues popularised 
this novel biopsy technique which consists of a 
percutaneous, limited curettage at the time of 
biopsy, obtaining the lining membrane from vari-
ous quadrants of the cyst leading to consolidation 
(“curopsy” = biopsy with intention to cure). This 
technique is gaining popularity for 3 main 
reasons:

 1. It is minimally invasive with low complication 
rates

 2. It provides favourable rates of local control
 3. It provides a confirmatory diagnosis of ABC

The principle of the technique is based on a 
well-known observation that some (but not all) 
ABCs heal following biopsy alone [120]. Reddy 
and colleagues reported on their experience using 
this technique on 102 patients with ABC and 
compared to 88 patients who were treated with 
curettage after a core needle biopsy. Of the 102 
patients who had curopsy and observation, 83 
(81%) required no additional treatment and the 
lesion resolved. Of the 88 patients who under-
went curettage (with or without adjuvant ther-
apy), the success rate was 90% (79 of 88). The 
recurrence rate was 19% with curopsy and 10% 
with traditional curettage, a statistically signifi-
cant difference. However, curopsy patients 
avoided the morbidity associated with curettage 
and the use of adjuvants.
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Percutaneous Doxycycline
Doxycycline is an antibiotic belonging to the 
Tetracycline class which were introduced in 
the 1960s. They work through inhibition of 
protein synthesis of bacteria. Doxycycline was 
found to have several anti-neoplastic proper-
ties including the inhibition of matrix metallo-
proteinase, angiogenesis, collagenase 
(MMP-1), and gelatinases that are implicated 
with the development of ABC and other neo-
plasms [121–124]. Therefore, doxycycline has 
recently been used to treat ABC.  Preliminary 
reports of the use of doxycycline showed that 
all treated cysts exhibited signs of healing with 
recurrence rates of 5% over a short follow up 
of 20 months [125, 126]. It will be interesting 
to see the outcomes after a longer follow up 
period and whether the results can be repli-
cated by other centres.

Bisphosphonate Medical Therapy
Since they were introduced over 3 decades ago, 
bisphosphonates have been increasingly used 
for various bone disorders. They act by inhibit-
ing osteoclast-mediated bone loss due to osteo-
porosis, Paget disease of bone, malignancies 
 metastatic to bone, multiple myeloma, and 
hypercalcemia of malignancy [127]. 
Bisphosphonates have also shown some anti- 
neoplastic activities through promoting apopto-
sis, inhibiting tumour cell adhesion, invasion, 
and angiogenesis [128].

Bisphosphonates have been used in several 
type of malignant and benign bone tumours 
including ABC with favourable outcomes 
reported. In a small study of 5 patients with ABC, 
Cornelis and colleagues reported varying degrees 
of lesion ossification and near universal pain 
relief following bisphosphonate treatment for 
symptomatic, unrespectable ABCs [129].

RANKL Inhibition
RANKL is a member of the tumour necrosis fac-
tor (TNF) cytokine family. It stands for Receptor 
Activator of Nuclear factor Kappa-Β Ligand. It is 
secreted by osteoblasts and binds to the RANK 
receptors on osteoclast cells (and their precur-
sors) promoting bone resorption. RANKL 

expression has been associated with various bone 
tumours including ABC [130]. RANKL inhibi-
tors such as Denosumab has been proposed to 
treat osteolytic bone lesions including ABCs 
[131]. Two case reports (5 year old and 27 year 
old) with large sacral ABCs who were treated 
with RANKL inhibitors demonstrated pain relief 
and cyst healing [132, 133].

Denosumab is associated with similar side 
effects to bisphosphonates including infection, 
eczema, and hypocalcaemia and, rarely, jaw 
osteonecrosis. The long-term effects of deno-
sumab in skeletally immature pediatric patients 
are unknown.

 Classic Papers

Neer, C. S., 2nd, et al. (1966). “Treatment of 
unicameral bone cyst. A follow-up study of 
one hundred seventy-five cases.” J Bone Joint 
Surg Am 48(4): 731–745. One of the earliest, 
most comprehensive reviews with over 175 sim-
ple bone cysts. They highlighted the demographic 
distribution of SBC and they noted that fractures 
did not result in spontaneous healing.

Operative Pitfalls
• Delaying treatment allowing for cyst 

expansion
• Inadequate removal of the abnormal 

tissues

Essential Surgical Techniques
Surgical techniques are similar to that 
employed for the treatment of SBC in terms 
of curettage and bone grafting.

However, because of the more aggres-
sive nature of ABC as compared to SBC, 
aggressive approaches are more commonly 
adopted.

In weight-bearing bones such as the 
proximal femur, surgical excision.
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Kaelin, A.  J. and G.  D. MacEwen (1989). 
“Unicameral bone cysts. Natural history and 
the risk of fracture.” Int Orthop 13(4): 275–
282. Kaelin brought the attention to the frequency 
of fractures in patients with SBC. They also intro-
duced the ‘cyst index’ as a predictor for future 
fracture. They reported that there were no fractures 
in 40 patients who had a cyst index lower than 3.5 
even when they did not curtail their activities.

Reynolds, J. (1969). “The “fallen fragment 
sign“ in the diagnosis of unicameral bone 
cysts.” Radiology 92(5): 949–953 passim. 
Reynolds described the fallen fragment sign, 
which for long time was considered pathogno-
monic for SBC.

Scaglietti, O., et al. (1979). “The effects of 
methylprednisolone acetate in the treatment 
of bone cysts. Results of three years follow-
 up.” J Bone Joint Surg Br 61-B(2): 200–204. 
Scaglietti showed that synovial fluid is similar to 
SBC fluid and he was first to use intralesional ste-
roids to treat these lesions.

Campanacci, M., et al. (1986). “Unicameral 
and aneurysmal bone cysts.” Clin Orthop 
Relat Res(204): 25–36. One of the largest series 
of SBC (319 patients) and ABC (198 patients). 
The authors introduced a new classification and 
highlighted the need to treat ABC surgically.

 Key Evidence

Wright, J. G., et al. (2008). “A randomized clin-
ical trial comparing intralesional bone marrow 
and steroid injections for simple bone cysts.” J 
Bone Joint Surg Am 90(4): 722–730. The first 
RCT comparing bone marrow injection with ste-
roid (methylprednisolone acetate) injection in 90 
patients. They reported that sixteen (42%) of the 
38 cysts treated with methylprednisolone acetate 
healed, and 9 (23%) of the 39 cysts treated with 
bone marrow healed (p = 0.01). There were no sig-
nificant differences between the groups with 
respect to function, pain, number of injections, 
additional fractures, or complications.

Kadhim, M., et al. “Treatment of unicam-
eral bone cyst: systematic review and meta- 
analysis.” J Child Orthop 8(2): 171–191. A 

recent systematic review and meta-analysis of 62 
studies that were selected for from a total of 463 
articles. The cumulative sample size was 3211 
patients with 3217 SBC. Authors concluded that 
active treatment for SBC provided variable heal-
ing rates and the outcomes were favorable rela-
tive to non-operative treatment. Due to the 
heterogeneity of the studies and reporting bias, 
the interpretation of these findings should be han-
dled with caution.

Zhao, J.-G., et al. (1996). Interventions for 
treating simple bone cysts in the long bones of 
children. Cochrane Database of Systematic 
Reviews, Wiley-Blackwell. This is a Cochrane 
review on the best interventions for SBC.  The 
authors used a very robust searching strategy but 
found only one RCT [64]. They concluded that 
the available evidence was insufficient to deter-
mine the relative effects of bone marrow versus 
steroid injections, although the bone marrow 
injections were more invasive. They also high-
lighted that the rate of radiographically assessed 
healing of the bone cyst at two years was well 
under 50% for both interventions.

Panoutsakopoulos, G., et  al. (1999). 
“Recurrent t(16;17)(q22;p13) in aneurysmal 
bone cysts.” Genes, Chromosomes and Cancer 
26(3): 265–266. This study highlighted the high 
prevalence of a clonal translocation between 
chromosome 16 and 17  in primary ABC which 
enhance our understanding of the condition and 
its aetiology.

Capanna, R., et  al. (1985). “Phenol as an 
adjuvant in the control of local recurrence of 
benign neoplasms of bone treated by curet-
tage.” Ital J Orthop Traumatol 11(3): 381–388. 
Highlighted the value of phenol in reducing the 
recurrence rate of ABC.
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