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Abstract

Purpose To evaluate the efficacy of decompression of
unicameral bone cysts (UBCs) of the long bones with
intramedullary nailing and to compare responses to treat-
ment according to location.

Materials and methods We evaluated 48 consecutive
patients treated between January 1988 and June 2000.
Mean age was 10.3 years. Mean follow-up was 9.8 years.
Evaluation was performed according to the radiographic
criteria of Capanna.

Results UBCs were located in the proximal humerus
(n = 24), humeral shaft (n = 2), proximal femur (n = 19),
distal tibia (n = 2) and fibula (n = 1). A total of 62.5%
presented a pathological fracture. Successful results were
observed in 89.5% (26 total healing, 17 healing with
residual radiolucent areas), and there were four recurrences
and, in one case, no response to treatment. There was more
healing in the humerus than in the femur (92.3% versus
84.2%), and more tendency to restitution ad integrum,
although the difference was not statistically significant
(P = 0.1499).

Conclusions Intramedullary nailing is a minimally inva-
sive method, which permits early stability and decompresses
the cyst allowing healing. Significant differences were not
observed among results from different locations.
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Introduction

The unicameral bone cyst (UBC) is a benign fluid-filled
lesion, which is located mainly in metaphyses of long
bones in skeletally immature patients [3, 19]. The possible
treatment spectrum includes observation, aspiration and
injection of corticosteroids [4, 9, 24, 25], curettage and
bone grafting [8, 28, 29], subtotal resection with or without
bone grafting [11, 20] and percutaneous injections of bone
marrow [19, 31, 32]. All these therapeutic options show
variable results.

Although the aetiology of UBC remains unknown,
various authors agree that the obstruction of the venous
return and the increase in the resulting intracystic pressure
can be the main factors influencing its size increase [6, 7,
12, 18]. Opening of the medullary canal, creating a con-
nection between the canal and the cyst, would permit
permanent decompression, which would favour the healing
of the lesion. Although this does not represent a new
concept [15], recent studies have shown a high rate of
healing using this technique [13, 21].

Our purpose was to evaluate the efficacy of the UBC
decompression of the long bones with intramedullary
nailing and compare the treatment response according to
the location.

Materials and methods

All the patients with a diagnosis of UBC of the long bones,
treated with intramedullary nailing between January 1988
and June 2000, were analysed retrospectively. Institutional
Review Board approval and informed consent had been
obtained previously. As inclusion criteria, the following
was used: patients of both sexes with diagnosis of UBC of
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the long bones treated surgically with intramedullary
nailing. Exclusion criteria: patients with incomplete clini-
cal histories or radiographies and a follow-up less than
5 years. The information was obtained from Hospital
records.

Surgical technique

We performed no open or percutaneous biopsies prior to
the procedure. A diagnosis of UBC is strongly suspected
based on its typical radiographic appearance and is con-
firmed when an appropriate cyst fluid is demonstrated
during surgery. In the case of humeral or femoral location,
the insertion of the nail was performed in a retrograde
manner. In the case of tibial location, an anterograde
insertion was performed through a medial and lateral
approach. Once the nail was inserted, the opening of the
intramedullary canal was carried out, creating a connection
between the canal and the cyst. This favours continuous
decompression of the cyst. The election of the material was
carried out according to its availability, the size of the
intramedullary canal of the affected bone and the age of the
patient. The postoperative immobilization was evaluated
according to the stability achieved with the fixation, the
size of the cyst and the presence of pathological fracture.
Sports activities were not allowed until the cyst showed
consolidation, demonstrated on X-rays.

Evaluation of the patients

Anteroposterior and lateral radiographs of the affected long
bone were performed on the first postoperative day, and
1 month, 3 months, 6 months and 1 year after surgery.
Thereafter, the patients were annually called for radio-
graphic control. Results were evaluated according to the
criteria of Capanna [2]: (1) healing when the cyst was
completely filled with a new bone formation and the cor-
tical margins had thickened; (2) healing with residual
radiolucency when most of the cyst was filled with bone
and had healed, it was well consolidated with bone, and the
cortical margins had thickened but there were still small,
residual areas of radiolucency; (3) recurrence when it had
healed initially and had become filled with bone but large
areas of radiolucency and cortical thinning subsequently
developed; and 4) no response to the treatment when there
was no evidence of any effect of treatment. Both local
recurrences and no response represented a failure of
treatment.

Statistical methods

Data obtained was expressed in absolute numbers and
percentages. Statistical analysis using Student’s 7-tests was
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carried out to detect differences in the response to the
treatment among the different locations. A P < 0.05 was
considered statistically significant.

Results

Between January 1988 and June 2000, 54 consecutive
patients with a diagnosis of UBC of the long bones were
treated using the intramedullary nailing technique. Of
these, 48 cases were included for analysis—32 males and
16 females—and the 6 remaining patients were lost to
follow-up. The mean age of these patients was 10.3 years
(range 5-18 years). There was a minimum follow-up of
5 years for all cases, with a mean follow-up of 9.8 years
(range 5-19 years). The cysts were located in the proximal
humerus in 24 patients, in the humeral shaft in 2, in the
proximal femur in 19, in the distal tibia in 2 and in the
fibula in 1.

In 62.5% (n = 30) of the patients, pathological fractures
were demonstrated, in 25% (n = 12) pain or functional
impotence with no radiographic images of fracture through
the cyst, and in the 12.5% remaining (n = 6) there were
incidental radiographic findings. None of the fractures
involved the physis. However, one case of humeral loca-
tion proximal to the physis evolved with early physeal
closure and marked length discrepancy. Previous treatment
had been received by 39.5% (n = 19) of the patients, 6 of
whom had received more than one treatment. Ender’s nails
were used in 44 cases (1 nail in 23 patients, 2 in 15 and 3 in
6), Rush nails were used in 3 cases, and Steinman in 1 case.

According to the radiographic criteria of Capanna [2], in
89.5% of the cases successful results were reported—26
patients presented a total response (healing), 17 a partial
response (little residual areas of radiolucency smaller than
1 cm in the region of the cyst and with the radiographic
follow-up an increase in the size of said areas was not
observed) and 4 local recurrences (Fig. 1). At the begin-
ning, the patients that experienced recurrence evolved in a
favourable way with bone formation; but then the osteolitic
image began expanding such that a re-treatment was rec-
ommended. All were treated with a new intramedullary
nailing and all healed, none experiencing recurrence again
(Table 1). Although one case located in the proximal aspect
of the femur showed no response, no fractures were suffered
at 5 years of follow-up. The result distribution by location
can be observed in Table 2. We found no difference in the
rate of consolidation with or without pathological fracture.
When analysing the two regions with more frequency of
presentation (humerus and femur), it could be observed that,
although the femur presented a minor response to the
treatment (92.3% versus 84.2%), the difference was not
statistically significant (P = 0.1499). However, in our
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Fig. 1 6+0 female patient: pathological fracture through proximal humerus bone cyst (a), immediate postoperative with Endefs nail (b),
6 months follow-up (c), 1 year follow-up (d), 5 years follow-up (e), and complete healing at 9 years follow-up (f)
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Table 1 Recurrences of

. Name Age (years) Location 1st Treatment 2nd Treatment Evolution
treatment with intramedullary
nailing cJ 543 Proximal femur Ender’s (2) Change of nails 1
GS 104+ 0 Humeral shaft Ender’s (1) Change of nail 2
BM 6+ 0 Proximal femur Ender’s (2) Change of nails 1
1 .compl.ete heahr}g, 2 healing PV 8+ 1 Proximal humerus Ender’s (1) Change of nail 2
with residual radiolucency
series, the humerus has shown more tendency towards total 110 2 Result distribution by location
healing than the femur (61.5% versus 42.1%). - -
The complication rate of the technique was of 4%. A Location n Capanna Ef:lz;g)
0
patient with humeral location had radial neurapraxia and 1 2 3 4
:ﬁcove.red ts.ponta?COUS1.y 1111 2 mton.t hls' (Ili:l Zne, O)f the ICSST)S’ Humerus 26 16 (61.5%) 8 (30.8%) 2 (7.7%) — 923
e migration of surgical materia nder’s) cou e
g . . & . e . Femur 19 8 (42.1%) 8 (42.1%) 2 (10.5) 1(5.3%) 84.2
observed. This required its re-positioning. In four cases, a o
. Tibia 2 1(50%) 1 (50%) - - 100
second surgery had to be carried out due to the growth of :
Fibula 1 1(100%) - - - 100

the affected member. (In three cases, a change of nails was
required and in the remaining patient a longer nail was
added.) The osteosynthesis was removed in seven cases
(five humerus, two femur) due to pain at the insertion site.

Discussion

Despite the continuous publication of studies about UBC,
very little is known about its aetiology and pathogenesis
[14]. Several authors agree on the fact that venous
obstruction is the main cause, with the resulting rise of
internal pressure in the cyst, which would lead to the
increase in its size [6, 7, 12, 18]. The increased pressure
inside the cyst would cause the osseous re-absorption of the
cyst wall and subsequent accumulation of exudates in the
centre of the metaphyses. Besides, it was suggested that
cyst fluid would play an important role in its pathogenesis.
The interleukin 1, the prostaglandins and proteolytic
enzymes present in the cyst would start a great resorptive
activity in the affected bone [1, 26]. According to these
findings, the continuous drainage of the cyst fluid and the
continuous decompression of the cyst seem to be a rea-
sonable option for the treatment of these lesions.

Based on this theory, some authors initially tried the
decompression through drilling of multiple holes with
Kirschner wires [27] and cannulated screws [30]. Although
Chigira [6] reported good results in the short term, 42%
(three of seven cases) presented with late recurrences.
Although the intramedullary nailing of long bones does not
represent a new concept [15], recent studies have demon-
strated a healing rate between 94 and 100% [10, 13, 21],
making the treatment of these lesions once more a topic for
investigation. The different elasticity modulus between the
bone and the metal deform the nail slightly during ambu-
lation. This deformation prevents the formation of new
bone tissue in direct contact with the nails. Consequently, a
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Capanna / complete healing, 2 healing with residual radiolucency, 3
recurrence, 4 no response to treatment

small layer of loose connective tissue is created around the
nails [23]. This technique has the advantage of being car-
ried out through a small incision, diminishing the blood
loss and with no necessity of creating an area of cortical
thinning, which reduces the hospital stay and accelerates
return to normal activity. Moreover, it can be associated
with other procedures during the intervention, such as
corticosteroids or autologous bone-marrow injections.

In our sample, 89% (43/48) of the cases had a successful
result, comparable to the results obtained by Roposch [21,
22], De Sanctis [10], Knorr [16, 17], Santori [23] and
Catier [5] (Table 3). We did not find significant differences
in the response to the treatment according to the location.
Humerus presented more tendencies to restitution ad inte-
grum and a major percentage of healing than femur. In our
experience, only 8% of our patients required a second

Table 3 Rates of healing with intramedullary nailing according to
different authors

Author Year n  Capanna Healing Mean
———— (%) follow-up
1 2 3 4
Catier [5] 1981 2 2 - - - 100 é
Santori [23] 1988 11 » ° * P 00 10.5 months
Knorr [17] 1996 5 5 - - - 100 a
Roposch [21] 2000 32 14 16 2 - 94 4.5 years
Knorr [16] 2003 15 10 5 - — 100 a
Roposch [22] 2004 12 2 9 - - 100 4.8 years
De Sanctis [10] 2006 47 31 16 - - 100 6.5 years

n number of patients, Capanna / complete healing, 2 healing with
residual radiolucency, 3 recurrence, 4 no response to treatment

? Not specified in the study
® Did not use Capanna’s criteria for evaluation
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intervention to change the nailing, a rate noticeably less
than the 28% reported by Roposch [21].

In conclusion, this study represents the series with the

largest number of UBC cases treated using this method and
with the longest follow-up period. Intramedullary nailing
represents an effective treatment of choice for UBC in the
long bones. It is a minimally invasive, well-tolerated
method, which allows an acceptable stability, obviates the
need for a plaster cast and decompresses the lesion, thus
permitting its healing. There were no significant differ-
ences in the results in the different locations.
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