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Abstract:

Unicameral bone cyst (UBC) is a benign cystic lesion most commonly diagnosed in the proximal aspects of the hu-
merus and femur of growing children. Medullary venous obstruction is the leading pathogenesis theory, resulting in
fluid accumulation, bone resorption, and cortical thinning. Most UBCs are asymptomatic and likely go undiagnosed
while the most common presentation is a pathologic fracture. Younger children tend to present with active lesions,
which are uniloculated, abut the physis, and have a higher recurrence or persistence rate after treatment. Latent lesions
in older children have migrated away from the growth plate and might become multiloculated. Radiographs are often
diagnostic although advanced imaging is also helpful in some cases. Most UBCs do not need treatment; when indi-
cated, management ranges from aspiration and steroid injection to decompression, curettage and grafting, and internal
fixation. Percutaneous or open surgical approaches are acceptable and often yield good results although high recur-
rence rates should be expected, especially in younger children with active lesions.

Key Concepts:
e UBCs are not a true neoplasm and do not have malignant potential. However, they may cause complications such
as pathologic fractures and growth disturbance.

e Treatment should be personalized to each patient’s demographics, functional needs, desires of the family, and
lesion characteristics.

e Patients/families should be aware of the high recurrence rate and the possible need for repeat intervention.

e A percutaneous or open surgical approach, with decompression, curettage of the cyst, grafting, and internal fixa-
tion if necessary, is the mainstay of management.

Introduction

Unicameral bone cyst (UBC) is a common benign, cystic description was published in the pre-Roentgen era.
lesion of the skeleton, also known as solitary or simple Several authors have expanded our knowledge in the
bone cyst. While it does not represent a true neoplasm, twentieth century, including Jaffe and Lichtenstein, who
expansion and weakening of the bone might lead to defined the pathological characteristics of the lesion, as
symptoms and/or pathologic fractures. Virchow is often well as the cyst lining and fluid features.

credited with the first report of UBC, although his
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Although UBC is currently favored in the literature over
solitary bone cyst, the term “unicameral” is not always
accurate. Some UBC have one cavity in the initial
stages, yet many develop a multiloculated structure,
especially after fractures or treatment. UBC typically
arises in the metaphysis of tubular bones adjacent to the
growth plate and is almost exclusively diagnosed in the
immature skeleton (although it can persist into
adulthood), with reported mean age of 11 years at
diagnosis. UBC represents up to 3% of all reported bone
lesions, but similar to other benign pathologies, most
cases may go undiagnosed; hence its true incidence is
likely higher.

While UBCs have no malignant potential and have a
relatively favorable long-term prognosis regardless of
the treatment, controversy still exists regarding the
natural history, indications for treatment, and preferred
technique. In this review, we focus on the different
therapeutic approaches based on the available literature
and institutional experience.

Etiology and Pathogenesis

The exact etiology and pathogenesis of UBC remain
unclear. The most favored pathogenesis theory is a
blockage in the intramedullary venous drainage
postulated by Cohen."? In brief, an insult to the bone
causes venous obstruction, which in turn leads to fluid
accumulation, increased pressure, and bone resorption.!
Several therapeutic approaches have been established
based on this mechanism, including decompression or
fenestration of the cyst.

On gross pathologic examination, UBC is usually a
single fluid-filled cavity. The pathognomonic feature is
clear, straw-colored fluid on aspiration. However, the
fluid might have a bloody tinge following a pathologic
fracture. Histologic analysis of the cyst lining reveals a
thin fibrous membrane with occasional multinucleated
giant cells. Secondary changes, including the presence of
hemosiderin, macrophages, and reactive woven bone, are
also common in the presence of a fracture.
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At the cellular level, osteoclasts are believed to play a
role in the pathogenesis of UBCs. Osteoclasts are
present in the cyst lining and fluid, and the messengers
and products of the continued osteoclast-mediated bone
destruction have been confirmed in the cyst,’ including
prostaglandin-E2 (PGE2),* lysosomal enzymes,’ and
acid phosphatase levels.® However, a complex signaling
pathway exists between cells of different lineages, and
osteoblasts are required for activation of osteoclastic
bone degradation. Additionally, increased osteoblastic
activity and concentration of RANKL (receptor activator
of nuclear factor kappa-B ligand) which activates
osteoclasts, has been found in UBC lining and fluid.?

Clinical Presentation

Similar to other benign bone lesions of childhood, most
UBC:s are asymptomatic and likely go undiagnosed unless
there is an incidental finding or pathologic fracture.
Symptomatic patients typically present with either an
acute pathologic fracture or an insufficiency/stress
fracture. In the latter group, the patient might present with
mechanical symptoms, painful range of motion, or
limping. In a systematic review, more than three-quarters
of the published UBC cases were diagnosed after an acute
fracture, 15% with an insufficiency fracture, and the rest
as an incidental finding.”

Although UBCs may occur in any site, the metaphysis
and diaphysis of long bones are the most common
location. More than half of the lesions are diagnosed in
the proximal humerus, followed by the proximal femur
and proximal tibia.” The calcaneus is also a relatively
common site for UBC which tends to occur in the
slightly older population. Boys are twice as likely to be
diagnosed with a UBC, although it is unclear whether
this represents a higher incidence or is the result of
higher fracture risk in boys.

Imaging

UBCs appear as centrally located, well-defined, lucent
metaphyseal lesions on plain radiographs, with a narrow
zone of transition, and often abutting the physis (active
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phase). With longitudinal growth, the lesion “migrates”
away from the physis and becomes diaphyseal (latent
phase). Larger lesions may lead to bone expansion and
result in cortical thinning. Periosteal reaction or cortical
destruction are absent unless a fracture occurs. Soft
tissue extension is not a feature. The “fallen fragment
sign” was first described by Reynolds to help distinguish
UBC from other radiolucent but solid intramedullary
lesions.®? Following a fracture, the fluid within the UBC
has no resistance to the bone fragments falling into the
cavity, thus creating the distinctive intracavitary
displaced bone fragment. Although the fallen fragment
sign is helpful in some cases, it has a low sensitivity. '

Advanced imaging may be valuable in differentiating a
UBC from similar lesions in equivocal cases. Computed
tomography (CT) scan shows cortical thinning, fluid
density inside the lesion, and occasionally the fallen
fragment sign.'! On magnetic resonance imaging (MRI),
UBC is characterized by a hypointense signal on T1-
weighted images and hyperintense on T2-weighted and
fluid-sensitive sequences. Septations, if present, are also
visible on MRI. On post-contrast images, peripheral
enhancement is appreciated. When a fracture is present,
T1-weighted images will be hypersignal due to blood,
while marrow edema, periosteal reaction, and
surrounding edema are hyperintense on T2-weighted and
fluid-sensitive sequences. Fluid-fluid levels may be
present, especially in the presence of a pathologic
fracture. MRI is particularly useful for the evaluation of
a suspected insufficiency fracture and physeal
involvement/ disruption by the cyst.

Differential Diagnosis

All primarily cystic bone lesions are included in the
differential diagnosis list, including aneurysmal bone
cyst (ABC), non-ossifying fibroma (NOF), and fibrous
dysplasia. In addition to the imaging findings, the
specific demographics and pertinent clinical symptoms
of each lesion are helpful in distinguishing the diagnosis.

ABC is the primary differential diagnosis of UBC due to
similarities in demographics and imaging characteristics.
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ABC is an expansile, lytic lesion that affects the
metaphysis of long bones, similar to UBC, but in an
eccentric location. ABC can be locally aggressive with
cortical expansion and disruption. On MRI, multiple
septations and fluid-fluid levels are present due to the
bloody contents of the cavities. The signal intensity is
heterogeneous, with individual lobules having different
signal characteristics.'> An intact UBC is easier to
distinguish from ABC while a fractured or partially
healed UBC can be challenging to differentiate. During
surgery, aspiration of clear straw-colored fluid is
diagnostic for UBC. A bloody fluid, although not
diagnostic, is more suggestive of ABC.

NOFs have a lytic, lobular appearance but are cortical
based, rather than central, and are classically surrounded
by a sharp sclerotic border. Mild cortical expansion and
pathologic fracture can be present. MRI demonstrates
the fibrous content of the lesion.

Monostotic fibrous dysplasia is in the differential
diagnosis of latent, diaphyseal UBCs. The presence of a
ground-glass appearance instead of a fluid-filled cavity
helps differentiate the two lesions on advanced imaging.
Furthermore, fibrous dysplasia lesions may undergo
cystic degeneration which increases the similarities with
UBC and ABC."

Natural History

The literature is inconclusive regarding the true natural
history of UBCs. Most lesions are believed to heal by
the time the patient reaches skeletal maturity although
some studies have shown that the cyst persists, but the
risk of pathologic fracture decreases. Several risk factors
for complications (i.e., pathologic fracture,
recurrence/persistence after treatment) have been
identified. One of the earliest factors recognized is the
distance of the lesion from the physis.!* Active cysts
abutting the growth plate have a higher risk of
progression, growth, fracture, and recurrence after
treatment, while /atent cysts distant from the growth
plate are more likely to resolve with or without
treatment. In one study, healing was achieved in cysts
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that were > 2 cm away from the growth
plate, but not in those closer to the physis. !
Age is also an important predictor for healing
and recurrence after surgery. Patients older
than 10 years have a lower rate of persistence
or recurrence.'®!” The risk of pathologic
fracture is related to the lesion size and
location. UBCs of the lower limb (weight
bearing bones) have a higher risk of fracture
as do larger lesions. The exact threshold that
will increase fracture risk is uncertain,
although evidence suggests that lesions wider
than 50-80% of the bone width are at a high
risk for fracture.'®!” Overall, around 10-15%
of cysts are expected to heal after a
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fracture, especially for complete or

displaced fractures.

Healing of the UBCs can be assessed with the
classification system developed by Neer,?**
who defined a healed cyst as one filled by new
bone formation with radiolucent areas < 1 cm
in size. “Healing with defect” is a lesion with

radiolucent areas < 50% of the diameter of the
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bone with enough cortical thickness to prevent
fracture. A persistent cyst has radiolucent areas > 50% of
the bone diameter with a thin cortical rim. Finally, a
recurrent cyst is one that has reappeared in a previously
healed area, or more commonly, a radiolucent area that
has increased in size.

Management

Over the years, several management strategies and
surgical techniques have been introduced for UBC.
Nevertheless, there is significant controversy on the
optimal management strategy, indications for treatment,
and the surgical procedure of choice. This controversy
is, in part, rooted in the benign, nonaggressive nature of
UBCs. The risk of complications, including pathologic
fracture and growth arrest, should be weighed against the
risk of surgical treatment and recurrence, as well as the
potential for spontaneous healing over time. Treatment
should be personalized based on each patient’s
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Figure 1. A sample algorithm for management of
unicameral bone cysts. Refer to text for details.

demographics and unique lesion characteristics. Age,
patient’s activity level, location, size of the lesion, and
family preferences are important factors in tailoring a
treatment plan for UBC (Figure 1).

Asymptomatic patients

Most asymptomatic, incidentally found UBCs are
amenable to observation alone, with the notable
exception of lesions around the hip and those with very
high risk of pathologic fracture, and juxta physeal
lesions with a risk of potential growth disturbance.
Asymptomatic upper extremity lesions can almost
universally be treated conservatively. It is important that
the patient and family are reassured about the benign
nature of the cyst and educated about the risk of
pathologic fracture as well as surgical risks and the
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potential for recurrence. Active patients with a high risk
for fracture or symptoms may elect to undergo
prophylactic treatment for large, active lesions. Large (>
50% bone width) femoral lesions, especially around the
hip, have a high risk of fracture, and prophylactic
treatment is most often recommended.

Symptomatic patients

A thorough clinical and imaging workup is warranted to
evaluate the cause of the patient’s symptoms. In general,
the culprit is an impending or insufficiency/stress
fracture evident by surrounding marrow edema (MRI)
and cortical disruption (CT or MRI). Although a trial of
conservative treatment can initially be pursued, these
patients often require surgery, especially for lower
extremity lesions.

Pathologic fractures

Pathologic fractures may lead to decompression of the
cyst and stimulate partial or complete healing in 10-15%
of the cases. Therefore, conservative treatment is usually
the initial preferred method, particularly for
nondisplaced pathologic fractures and fractures of the
upper extremities. Recurrent fractures may be an
indication for surgical treatment. Proximal femoral UBC
is a special case in which surgical treatment of an
impending or overt fracture is indicated at presentation
due to the morbidity associated with a displaced fracture
around the hip.

Treatment Options

Steroid Injection

The use of intralesional steroid injection, most often
methylprednisolone acetate (MPA), was first attempted
by Scaglietti in the 70s,” and later adapted by several
other authors.?*? The increased concentrations of
prostaglandins in the cyst fluid motivated its use. The
mechanism of action of steroids is still unknown, and
some believe that the cyst decompression, rather than the
steroids itself, is responsible for healing. The results vary
widely and the recurrence or persistence rate ranges
from 15-80% after one injection. For the most part,
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MPA injection alone yields unpredictable results and
complete healing after the first injection is uncommon.*
In an attempt to increase healing rates, autologous bone
marrow (ABM) and/or demineralized bone matrix
(DBM) have been used in combination with MPA,
betting on their osteogenic potential to increase the
chances of healing.

The literature is inconclusive on which injection material
(or combination of) leads to a higher healing rate®®-
28.30.3234 byt the addition of bone marrow derivatives does
not seem to add a significant benefit and may add donor-
site morbidity in the case of ABM.?® Overall, one
injection as a standalone procedure tends to be un-
successful and most patients eventually need multiple
injections. In a systematic review, MPA injection had a
71.4% healing rate, while ABM and DBM injection had
a 77.9-98% healing rate,” although many patients
required multiple injections.

Surgical Treatment

While indications for surgical treatment are not
standardized, surgical intervention can be considered for
symptomatic lesions, stress or recurrent fractures,
displaced pathologic fractures of lower extremities,
lesions posing risk to the physis, or lesions with a high
risk for complications such as those around the hip.
There is a wide array of techniques available, and the
treating surgeon can personalize the treatment plan
based on the several available techniques, patient’s
characteristics, availability, and personal preference. The
range of all the treatment modalities are described below
and include aspiration and decompression, curettage,
grafting, and internal fixation (Table 1).

Aspiration and Decompression

UBC is a closed cavity with fluid under pressure.
Therefore, drainage and decompression of the lesion
may promote healing. Cyst decompression has
historically been performed from an outside-in
(extramedullary decompression) technique utilizing
large-bore needles (e.g., Jamshidi or similar needle),
curettes, or Kirshner wires. Cannulated screws and
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Table 1. Principles of Treatment of UBC

Technique Options Details

Recommendation

Decompression  Aspiration
Needle healing
Jamshidi trocar

Decompression is believed to promote

Cyst fluid confirms diagnosis

Jamshidi or a similar large needle is
preferred
Perform for all cysts

Curette Pathologic examination possible

Flexible nail

Curettage Curettes

Pituitary rongeurs for pathology

Promotes healing

Cyst content and lining are removed and sent A cystography is performed prior to

curettage to ensure complete
removal of the septations and lining

Graft Materials  Autograft

Bone substitutes
Calcium
phosphate/sulfate
pellets or cement

Provides osteoconductive and osteoinductive
Allograft material for bone regeneration
No graft option is superior to others

Pellets or cement is preferred due to
ease of use and unlimited supply

Internal fixation Flexible nail
Kirshner wire

Side plate + screw

Provides stability to the weakened bone

The classic hardware for proximal femoral
Screws lesions include screws or side plate + screws
depending on age and location of the lesion

Humerus generally does not need
fixation unless unstable

Side plate + screw is recommended
for all proximal femoral lesions

absorbable pins have also been utilized to provide
“continuous decompression” of the cyst*®> although there
is no evidence that the decompression is actually
continuous or that this method leads to a higher healing
rate. Intra-medullary decompression with flexible
intramedullary nails is an alternative technique.**** The
intramedullary hardware violates the cyst membrane and
connects the UBC to the normal medullary cavity, which
may provide bone marrow as an autologous bone graft.
Intramedullary nailing with or without concomitant
curettage and bone grafting has been reported to have a
high healing rate.”*%** Additionally, nails may be
retained to provide structural support.

Curettage

Curettage of the cyst can be done percutaneously,
endoscopic, or open. Curettage not only decompresses
the cyst, but also connects the cyst with the adjacent
normal medullary canal and removes the cyst lining
which may decrease the risk of recurrence and provides
pathologic confirmation of the diagnosis. Fluoroscopic
guidance, especially when combined with intralesional
injection of contrast material for a “cystography,”
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provides visual confirmation of the nature and extent of
the cyst. It also helps to determine if septations are
present in the cyst. The minimally invasive technique of
percutaneous curettage with the aid of fluoroscopy and
bone grafting was introduced by Dormans et al. and is
one of the most successful treatment strategies in UBC
with excellent short-term results.”? However, a follow-up
study of the same patient cohort showed a
persistence/recurrence rate of 20%,'8 which is similar to
other techniques.

Grafting

The use of bone grafting following curettage and
decompression provides structural support and may also
help to promote a healing response through
osteoconductive/osteoinductive properties. While the
bone graft and/or bone substitute easily incorporates in
the UBC, recurrence or persistence may still occur. The
use of autograft, allograft (cancellous and cortical strut),
and synthetic bone substitutes have all been reported in
the literature with similar results. There is no clear
advantage to a particular graft type although bone
substitute is more attractive due to their unlimited
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Figure 2. Percutaneous treatment of UBC: Lesion is located and perforated (A-B), cystogram and a thorough curettage is
performed (C-D), and a flexible nail is used to decompress the lesion (E-F). Bone graft (in this case calcium sulfate pellets)
is packed in the cavity (G), and a functional brace is fitted (H). Figure reproduced with permission from CHOP
Orthopaedics, Children’s Hospital of Philadelphia, Philadelphia, PA

supply, absence of donor site morbidity, and no risk of
disease transmission. Furthermore, several bone
substitute formulations can provide immediate structural
support to the lesion. The literature abounds with studies
on curettage and grafting of UBCs, and although most
studies are case series or otherwise low-level evidence,
virtually all graft types have been successful (to a certain
degree) in promoting healing of the lesion with a lower
recurrence rate than decompression and curettage

alone.7’18’22’28’29’36’43'49

Internal Fixation

Internal fixation is not routinely required as part of the
surgical management of UBCs, especially for upper
extremity lesions where functional bracing is usually
preferred. Intramedullary flexible nails provide sufficient

Copyright @ 2021 JPOSNA

stability for most upper extremity lesions and some
lower extremity cysts, but lesions around the hip often
require a more stable, rigid fixation for adequate healing
and early mobilization. Surgical management of UBCs
does not generally require internal fixation.

Surgical Technique

Lesion and patient characteristics dictate the preferred
surgical approach. Upper extremity lesions, those in
younger children, diaphyseal lesions, and UBCs of the
tibia are generally amenable to a percutaneous approach.
Most proximal femoral lesions will require a formal
open approach, as well as other locations, if surgical
exposure is to be performed for internal fixation.
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Percutaneous Approach

As previously described,'®? the cyst is located with
fluoroscopy, a 1 cm incision is made, and a Jamshidi or
similar large-bore needle is used to perforate the cyst.
The intra-lesional fluid is aspirated to confirm the clear
serous Or serous-sanguineous appearance. Radiopaque
contrast is injected into the cyst to delineate the extent of
the cyst. The cystogram also provides visual
confirmation of the nature of the cyst, as UBCs lack or
have minimal septations. Under fluoroscopic guidance,
curettes and pituitary rongeurs can be used to remove the
cyst lining and contents, which are sent to pathology.
Care is taken not to miss the proximal and distal extents
of the cyst. Next, a flexible nail is entered through the
same incision and advanced distally (and proximally if
possible) to decompress the cyst into the normal
medullary canal. The nail is then removed, and a bone
graft of choice is used to fill the cyst cavity. After
fluoroscopic confirmation, the incision is sutured and
temporary immobilization, in the form of a functional
brace (e.g., Sarmiento), is recommended (Figure 2).

Open Approach

Similar to the percutaneous approach, fluoroscopy is
used to locate the lesion. A cortical window is made
over the cyst, and the cavity is curetted thoroughly.
While some authors recommend screw or wire fixation
for femoral neck lesions, we recommend utilizing
fixation with a lateral buttress (plates) for all cysts
around the hip. Lesions that extend to the
subtrochanteric region may be stabilized with load-
sharing devices (intramedullary nails). If the lesion
extends to the proximal femoral physis, epiphyseal
fixation is recommended, especially in skeletally mature
patients. In skeletally immature patients, fixation is
preferably stopped short of the physis, or if possible, the
physis is crossed with a nonthreaded fixation that would
allow continued growth (Figure 3).

While surgical management of UBCs may have a higher
success rate than observation (natural history) or
injection-only, both percutaneous and open approaches
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Figure 3. Open approach to UBC: Lesion is located, an
oval window is created, and a thorough curettage is
performed (A-B). Adjuvant cauterization is optional to
achieve extended curettage (C-D). The cavity is filled
with bone graft (in this case, calcium cement), and
internal fixation is performed. Growth-friendly options
with partially threaded screws are also available to
prevent growth arrest (F-G). Figure reproduced with
permission from CHOP Orthopaedics, Children’s
Hospital of Philadelphia, Philadelphia, PA
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still have a recurrence rate of up to
25%. The patient/family should be
aware of the chance of persistence
or recurrence even with the most
comprehensive treatment strategies
and that repeated treatment might
be required.” Younger children
with active lesions (abutting the
physis) have a substantially higher
rate of recurrence compared to
older patients with latent
diaphyseal cysts. The approach to a
recurrent lesion is generally similar
to an untreated lesion and should be personalized to each
patient, considering their function and expectations as
well as lesion characteristics. However, the use of
internal fixation at the initial surgery, especially in the
form of screw/side plate constructs in the proximal
femur, may allow the surgeon to be more conservative if
a recurrence occurs.

Other Complications and Pitfalls

While the most common, a fracture is not the only
complication of UBCs. Recurrence is a major concern
that occurs in up to 25% of cases’?!3!% and is generally
treated similarly to the primary lesion. Active lesions
abutting the physis have the potential to grow into the
epiphysis through the growth plate. With the “physis at
risk,” there is the potential for physeal injury and growth
arrest: therefore, surgical treatment may be indicated for
such lesions. Depending on the location and extent of
physeal injury, angular deformity and/or longitudinal
growth disturbance may occur (Figure 4).

Summary

In conclusion, UBCs have a benign, likely improving or
resolving natural history. Most patients will fare well
with observation alone. The decision to surgically treat
lesions should be made after an in-depth discussion with
the family/patient. The surgical approach should sim-
ilarly be individualized to the patient’s demographics,
functional needs, and lesion characteristics.
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Figure 4. Complications of UBC include pathologic
fractures (A), recurrence (B), physeal injury (C), as seen
on coronal fat-saturated MRI), and growth disturbance
(D). Figure reproduced with permission from CHOP
Orthopaedics, Children’s Hospital of Philadelphia,
Philadelphia, PA

A comprehensive percutaneous or open surgical
treatment including decompression, curettage, and
grafting, plus internal fixation in select cases, has the
highest success rate, although a 20-25% recurrence rate
should be expected. The current literature on the topic is
generally low-level evidence, which future large,
multicenter studies might be able to tackle.

Additional Links

e How I do it and why? Unicameral Bone Cysts
Alexandre Arkader, MD; IPOS.
http://www.posnacademy.org/media/Unicameral+Bo
ne+Cyst/0_0dyb83i0/19139952

e Pathologic fractures of the Proximal Femur
Alexandre Arkader, MD; IPOS
http://www.posnacademy.org/media/Pathologic+Frac
turest+of+the+Proximal+Femur/1_uliu7lkk/19139952
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