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Abstract

Background

Simple or unicameral bone cysts are common benign
fluid-filled lesions usually located in the long bones of
children before skeletal maturity. Pathological fracture is
common, and is often the presenting feature.

Aim

The objective of the present study was to evaluate the
results of titanium intramedullary nailing for the treatment
of unicameral bone cysts with or without a pathological
fracture.

Methods

During the period 2001 to 2007, flexible intramedullary
nailing for the treatment of a unicameral bone cyst was
performed in 18 children. Four of these patients presented
with a pathological fracture. The cyst was located in the
humerus in 14 patients, in the femur in three, and in the
tibia in one. The diagnosis was based on typical
radiographs and computed tomography. The mean age of
the patients at the time of surgery was 9.4 years, and the
mean duration of follow-up was 53 months. Radiographic
evaluation was performed, and the cyst was classified as
completely healed, healed with residual radiolucency,
recurred, or having no response.

Results

Mean hospital stay was 24 hours. At one to four weeks
postoperatively, all patients were pain free and had full
range of motion of adjacent joints. Radiographic signs of
cyst healing were present at three months in all patients,
and all cysts healed completely. All of the cysts responded
to treatment, with no cyst recurrence. No major
complications were observed.

Conclusion

Elastic intramedullary nailing has the twofold benefits of
continuous cyst decompression, and early immediate

stability to the involved bone segment, which permits early
mobilization and return to normal activities.
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Introduction

Simple (or unicameral) bone cysts are common benign fluid-
filled lesions usually located in the long bones of children before
skeletal maturity.1 They usually occur in the humerus (55-65%)
and femur (25-30%), and more rarely in the tibia, fibula, radius,
and ulna. Very rarely, a unicameral bone cyst may form in the
pelvis.2 They form 3% of all bone lesions in this age group.1

Unicameral bone cysts are characterized by their tenacity and
risk of recurrence.3 Pathological fracture is common, and is
often the presenting feature.1,4,5 Simple bone cysts occur more
frequently in boys than girls (male-to-female ratio 2:1). Most
cysts occur in the first and second decades of life
(predominantly 4-10 years). The aetiology and pathogenesis is
uncertain. Many theories for their development have been
proposed. Presently, the most popular theory is that of venous
outflow obstruction in bone,6 which results in elevated
intraosseous pressure. This increased pressure may lead to
osteoclastic resorption of bone, presumably from elevated
cytokines released by the endothelial cells lining the cyst wall.7

Recent literature suggests that activity of these cysts is a
function of age - cysts that occur in patients below age 10 are
active whereas in those over age 10 tend to be inactive. Cysts
in children older than 10 (at the time of initial presentation) are
usually further away from the growth plate.8 Cysts close to the
growth plate show biological activity, are usually expansile, and
recur more often than those away from the growth plate.9 Unless
there has been a fracture, such bone cysts are symptom free.
They may occasionally be discovered by chance on
radiographs obtained for other reasons. Most of these cysts
tend to heal to a position of stability after skeletal maturity. They
may never remodel to a radiographically normal-appearing
bone, treated or untreated. The goal of management is the
formation of bone that can withstand the stresses of use by the
patient without continued bone destruction.4 Since Virchow10

first described the unicameral bone cyst in 1876, various
treatment options have been reported. Here we present the
intramedullary cannulation and stabilization for the treatment of
large and active simple bone cysts.



the bone one or two
straight stab wound
incisions were made in the
proximal or distal region of
the involved extremity,
approximately one to two
centimeters proximal to
the joint line. The cortical
bone was exposed by
blunt dissection under
image-intensifier control.
Both nails were directed to
pass through the bone
cyst. The proximal and
distal physes were
avoided (Figure 3,4). The
distal ends of the nails
were appropriately
trimmed and left
protruding from the bone
in a manner so as to avoid
irritation of the soft tissues
on subsequent movement.

Results

All patients were reviewed
clinically and radio-
graphically at four weeks,
three and 12 months after
surgery. The mean follow-
up was 53 months (range 1.5 to six years). The mean hospital
stay was 24 hours. Patients with cysts in the lower extremities
were kept non-weight bearing on crutches for one to four weeks,
and then gradually returned to full weight-bearing. At four weeks
postoperatively, all patients were pain free and had full range of
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Patients and Methods

From January 2001 to January 2007, the case records were
reviewed for 18 children (11 male and seven female) treated for
a unicameral bone cyst in a Department of pediatric surgery,
University Hospital, Split. Age range was six to 16 years (mean
9.4 years) at the time of surgery. These patients have been
followed until the current time for the purpose of this study. The
diagnosis was based on typical radiographic imaging, cyst
features and computed tomography. We have used the cyst
diameter to measure the state and progress of cystic activity.
Our method of treatment has been performed in large simple
bone cysts occupying more than two times the physiologic
diameter of the long bone at the site of the lesion. We only
operated on patients with large active lesions (with impending
pathological fractures that interfered with daily living activities),
or pathological fractures. Twelve cysts were located in the
proximal humerus, two in the distal humerus, three in the
proximal femur, and one in the proximal tibia. Two of the 18
patients had been referred with a pathological fracture of the
femur, one of the proximal humerus, and one of the distal
humerus (Figure 1,2). In these patients, diagnosis was obtained
using standard radiographs. The patient characteristics and
indications for surgery are outlined in Table I.

Surgery: With the child under general anesthesia, fluoroscopy
was used to locate the cyst and the physis. After full skin
preparation and draping, under fluoroscopic guidance,
intramedullary nailing was performed using titanium
intramedullary nails (TEN Synthes® GmbH, Oberdorf,
Switzerland). The diameter and length of the nails were selected
according to bone length and child age. The longest nails that
did not encroach on the proximal growth plate were used. The
diameter of the nails was selected such that three nails would
occupy the medullary canal, rechecked with the image
intensifier. Before placement the nails were bent. Depending on

Table I: Patient and cysts characteristics

Figure 1: Supracondylar fracture of
humerus, anteroposterior radiographs.

Figure 2: Supracondylar fracture of
humerus, lateral radiographs.



motion of adjacent joints.
Full activity including
weight-bearing was
resumed within this time in
all children. Up to the
latest examination, there
was no clinical or
radiological evidence of
fracture or re-fracture
recurrence. The only
complications reported
were irritation at the entry
sites of the nails.
Radiographic signs of cyst
healing were present at
three months in all
patients. Injection of
demineralized bone matrix
or autologous bone
grafting was not required
in any patient. According
to the classification system
of Neer, there are four
stages of cyst healing:
stage I - complete cyst
filling; stage II - partial cyst
filling with thickening of the
cyst wall and small
lucencies of less than
3cm; stage III - recurrence
of the cyst and lucencies
of more than 3cm and
stage IV - no response of
the cyst. In the present
series, review radiographs
showed that all 18 cysts
had consolidated
completely (Neer stage I)
(Figure 5). The nails were
removed 4-10 months
after surgery, mean six
months.

Discussion

A unicameral bone cyst is
a unilocular cavity in bone,

lined by a fibrous membrane and filled with fluid. The lesion
almost always arises in the metaphysis of a long bone adjacent
to an epiphyseal plate. The development of the lesion is related
to skeletal growth. For a period of time bone does not form in
the metaphysis and the defect fills with fluid. Eventually, bone
formation recommences and normal medullary bone forms
between the physis and the cyst. This normal zone lengthens as
skeletal growth continues. The cause of this process is not
known. The first description of a unicameral bone cyst was by
Virchow in 1876.10 Although Bloodgood in 1910 wrote a detailed
early report,11 it was not until 1942 that Jaffe and Lichtenstein
characterized the clinical, radiographic and pathologic features
of unicameral bone cysts.12 Although unicameral bone cysts
may occur anywhere in the skeleton, two-thirds of cases occur
either in the proximal humerus or proximal femur.

Various treatment options have been reported including
crushing of the cyst wall and grafting,13 total resection with bone
grafting,14,15 curettage combined with bone grafting,16

allografting with freeze-dried crushed cortical bone,17

homologous cancellous bone chips,18 high-porosity
hydroxyapatite components19 or plaster-of-Paris pellets20 and
cryosurgery,21 injection of methylprednisolone,1,22 injection of
fibrin sealant,23 bone marrow or bone substitutes,24,25

decompression with drilling or screws,26,27 and intramedullary
nailing.1,3,28

Initial treatment of simple bone cysts consisted of curettage and
bone grafting, and the success has ranged from 55% to
65%.1,4,16 The remaining 35% to 45% of patients had recurrence
and required additional open surgery.1,14,15,29,30 Aggressive
surgical options have been related to more complications
including infection, intraoperative fractures, intraoperative blood
loss, epiphyseal arrest, shortening of the limb, coxa vara,
physeal damage, and a prolonged period of postoperative
immobilization.1,14,15,29,30

The treatment of simple bone cysts was drastically changed by
the strategy of percutaneous injection of methylprednisolone
acetate.22,31 The mechanism of action of methylprednisolone is
unclear. It is postulated that the membranous wall of the cyst
degenerates after the injection of corticosteroids, eliminating
the production of fluid and initiating osteoblastic activity.1,22,31

However, long-term studies of percutaneous injection of
methylprednisolone acetate have been less satisfactory.
Advantages of methylprednisolone injection include short
operating time, less bleeding, and minimum hospital stay and
rehabilitation. However, the healing rate with methylprednisolone
injection is variable and usually incomplete, even after multiple
injections.1,4,32,33

Injection of fibrin sealant into the cavities of simple bone cysts
is a further possible treatment with excellent concrescence. It is
possible that fibrin sealant forms a loose reticular structure
(resembling the fibrin coagula) as a scaffold on which new bone
can be deposited, accelerating healing. The fibrin sealant may
not only supply a fibrillar network as a scaffold for new bone
deposition, but also induce osteogenic cell differentiation from
mesenchymal stem cells, which accelerate tissue regeneration
and mineralization.23

A few authors have advocated percutaneous multiple drilling
with Kirschner wires,27,34 or prolonged decompression of the
cyst using cannulated screws left in place without corticosteroid
injection.26 The mechanism of action of percutaneous drilling
and decompression is based on the concept that the lesions
are caused by fluid unable to escape from the bone because of
venous obstruction. Drilling leads to decompression and
decrease of the internal pressure within the cyst.26,27,34,35

Biological methods of treatment such as autogenous or
allogeneic bone grafting and injection of bone marrow or bone
substitutes have also been reported.24,25 These methods have
been based on clinical studies suggesting that aspirated bone
marrow has value as a bone-graft material.36 Other investigators
have attempted to improve osteogenic capacity of bone marrow
by combining autologous marrow with demineralized bone
matrix37 and bone xenografts.38 Osteogenic elements of bone
marrow or bone marrow substitutes could also promote cyst
healing by stimulating bone formation.24,25

Although almost all the previously described methods including
injection of steroids, bone marrow or bone substitutes, and
decompression may produce ossification of the cyst, they do
not provide early mechanical stability to the weakened bone.
Catier reported the first successful results of flexible
intramedullary nailing for the treatment of a unicameral bone
cyst in the proximal femur in two patients.39 The essential feature
of this method is the same as that described in earlier series i.e.
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Figure 3: Anteroposterior radiographs
after intramedullary nailing.

Figure 4: Lateral radiographs after
intramedullary nailing.

Figure 5: Lateral radiographs after
removing pins, complete healing of the
cyst (Neer stage I).



38

decompression of the cyst and the decreased intracystic
pressure.3,6,27,28

We employed a radiographic cyst ratio for the selection of
patients with large and active simple bone cysts that should be
treated with elastic intramedullary nailing. Radiographic
evaluation showed complete or partial healing of the cysts in all
patients. The time to healing was short and patients returned to
full daily activities without restrictions or protective splints.

Elastic intramedullary nailing has the twofold benefits of
continuous cyst decompression, and early stability to the
involved bone segment, which permits early mobilization and
return to the normal activities of the pre-teen patients.
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