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A unicameral bone cyst (UBC) is a benign lesion involving the metaphyseal-diaphyseal region of long bones. Intervention has
been advocated to prevent fractures, especially in the weight-bearing long bones. Minimally aggressive surgical methods in the
treatment of these cysts with the intention to reduce long-term morbidity were proposed recently. The purpose of this
investigation was to evaluate the different factors that influence the healing rate of a UBC treated only with cannulated screws.
Between 2000 and 2015 a total of 66 children with UBC localized in humerus or femur were treated with the continuous
decompression method using cannulated screws. We analyzed the impact of the age of the patient, gender, localization of the
cyst, time between surgeries and the number of treatments in an attempt to predict the treatment outcome. The mean
radiological follow-up in the HUMERUS group was 50.6 months, and in the FEMUR group 31.3 months. The success rate after
the first and the second intervention in the HUMERUS group was 39 % and 71 %, respectively, and in the FEMUR group 71 %
and 100 %, respectively. In the estimated logit model four characteristics have a statistically significant positive effect on the
healing rate: greater age of the patient, male sex, localization in femur and no third surgery intervention incidence. However,
when the third intervention is indicated, we suggest using a more aggressive surgical approach.
Keywords: unicameral bone cyst, decompression, cannulated screw
Enostavna kostna cista je benigna lezija kosti, ki le`i v metafizno-diafizni regiji dolgih kosti. Pri nosilnih kosteh izvajamo
kirur{ke posege, da se izognemo patolo{kim zlomom. V zadnjem ~asu so na voljo minimalno invazivni posegi, ki zmanj{ajo
mo`nost za zaplete. Namen {tudije je bilo oceniti razli~ne dejavnike, ki vplivajo na celjenje kostnih cist pri zdravljenju s
kanuliranimi vijaki. Med leti 2000 in 2015 smo zdravili 66 otrok z enostavno kostno cisto, locirano v nadlahtnici ali stegnenici.
Vse smo zdravili z vstavitvijo kanuliranih vijakov. Da bi ocenili u~inek tak{nega zdravljenja, smo analizirali vpliv starosti
bolnika, spola, lokacije ciste, ~asovnega intervala med posameznimi posegi in celotnega {tevila posegov. Srednja opazovana
doba v skupini (HUMERUS-nadlahtnica) je zna{ala 50,6 mesecev, v skupini (FEMUR-stegnenica) pa 31,3 mesecev. Odstotek
zacelitve je po prvem in drugem posegu v skupini HUMERUS zna{al 39 % oziroma 71 %, v skupini FEMUR pa 71 % oziroma
100 %. Z uporabo Logit modela smo ugotovili {tiri statisti~no pomembne dejavnike, ki pozitivno vplivajo na celjenje: vi{ja
starost bolnika, mo{ki spol, prisotnost ciste v stegnenici in zacelitev `e po dveh kirur{kih posegih. V kolikor zdravljenje kostne
ciste z uporabo kanuliranih vijakov po prvih dveh posegih ni uspe{no, se v nadaljevanju svetuje bolj agresivno kirur{ko
zdravljenje.
Klju~ne besede: enostavna kostna cista, dekompresija, kanuliran vijak

1 INTRODUCTION
A unicameral bone cyst (UBC), also known as a
solitary or simple bone cyst, is a benign lesion involving
the metaphyseal-diaphyseal region of long bones,
especially in the humerus and femur, in the first two
decades of life, with a peak age of around ten years.1,2
The cyst’s expansion causes thinning of the bone cortex,
which often results in pathological fractures.3,4 Despite
their benign nature, these cysts require treatment to
prevent pathologic fractures, prolonged restriction of
activities, and deformities or even the shortening of long
*Corresponding author's e-mail:
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bones.5,6 Intervention has been advocated to prevent
fractures and their related complications, especially in
the weight-bearing long bones. Cysts in the metaphysys
near the growth plate are usually bulging; they recur
more often and are defined as active. During bone
growth they "migrate" towards the diaphyseal region and
change to latent. For a UBC located in the femur,
surgical intervention is recommended because of the
high-stress, weight-bearing area of the bone.7 Although
open currettage and autologous bone grafting along with
implant augmentation have been conventionally used as
the definitive treatment for a UBC located in the
weight-bearing bone, such aggressive surgical methods
are problematic because of long-term morbidity.8,9 An
UBC seems to be a dysplastic or reactive lesion rather
65
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than a true tumor. It is probably caused by venous
circulation disorder in the cancellous bone. Bone
resorbtion occurs due to a blockage in the venous flow,
increasing pressure, and an elevated inflammatory protein level in the intracystic fluid.10–12 Since venous
obstruction may play an important role in the pathogenesis of a UBC, various minimally invasive surgical
procedures for UBCs were proposed.13,14 Kirschner
wires, drilling, flexible intramedullary nails and cannulated screws have been used to provide continuous
decompression as a treatment option.15–21
A statistical analysis of our results has been conducted to evaluate different factors that influence the
healing rate of a UBC treated only with cannulated
screws. We therefore hypothesized that the healing rates
are higher in older patients. Furthermore, that sex and
localization of the cyst do not affect the healing rate. We
also analyzed the effect of a third surgery on the healing
probability. Considering our study as well as other recent
studies, we propose guidelines for the treatment of a
UBC located in long bones.
2 EXPERIMENTAL PART
2.1 Patients
Our retrospective study included 83 patients with
UBC, which have been treated at our institution between
2000 and 2015. The inclusion criteria for this study was
a UBC localized in the humerus or femur treated exclusively with thr continuous decompression method
using cannulated screws. All other anatomical sites and
other treatment modalities were excluded. Some 66
patients met these criteria and were available for
evaluation. They were divided into two groups according
to the location of the UBC. The HUMERUS group
included 52 patients where the cyst was located in the
humerus. The FEMUR group included 14 patients where
the cyst was located in the femur. Demographic data for
each group is presented in Table 1.
Table 1: Details of cysts in the HUMERUS and FEMUR groups
(number and percentage)

No. of men
No. of pre-existing
pathological fractures
No. of active cysts
Age at first treatment:
years(mean)±SD (range)

HUMERUS FEMUR group
group
(n=52)
(n=14)
39 (75 %)
14 (100 %)
50 (96.2 %)

7 (50 %)

9 (17.3 %)
10.9±2.8
(4.4-16.9)

10 (71.4 %)
8.79±3.9
(2.2-15.3)

2.2 Methods – surgical treatment
An accurate description of the cannulated screw and
its insertion technique were already described by a senior
author.15 The continuous decompression of bone titanium
screw was designed and first used by the senior author in
66

Figure 1: A) Insertion of the screw, B) a single cavity determined
after cystogram

1995. Its shape permits the use of a special targeting system for screw insertion (Heli Pro ®). Under fluoroscopic
guidance a 2-mm K-wire was drilled through a 5-mm
skin incision, advanced through the centre of the cyst
cavity and fixed to the opposite cortex. It was left in
place throughout the procedure to serve as a guiding
device. Using cannulated instrumentation, the proximal
cortex was perforated with a 3.5/2.2-mm cannulated
drill, and a 4.5/2.6-mm C.D.B. screw was inserted over
the K-wire. The cyst was aspirated through the screw,
and a cystogram was performed using a 50 % Iohexol
(Omnipaque) solution to determine whether there were
separate cavities (Figure 1).
2.3 Radiological assessment
The activities of the cysts at first visit and a
postoperative evaluation of the results were evaluated
according to the radiological criteria described by C. H.
Chang22 (Table 2). The treatment was considered to be a
failure if a subsequent procedure was undertaken or
indicated (grade 3 or 4 according to C. H. Chang22).
Cysts rated as radiologically healed or healed with a
defect (grade 1 or 2 according to C. H. Chang22) were
regarded as having been successfully treated. The model
a two-states patient status variable was constructed from
the original four-states variable. Cysts rated grade 1 or 2
according to C. H. Chang22 were marked with the value
0, cysts rated grade 3 or 4 were marked with value 1.
Table 2: C. H. Chang22 classification of the radiological results in
unicameral bone cysts

Classification

Description
Cyst filled by the formation of new bone
1. Healed
with or without small static radiolucent
area(s) less than 1 cm in size
radiolucent area(s), less than 50% of
2. Healing with Static,
the
diameter
of the bone with adequate
defect
cortical thickness to resist fracture
A radiolucent area greater than 50% of the
3. Persistent
bone diameter, and a thin cortical rim. No
cyst
increase in cyst size. Continued restriction
of activity or repeated treatment required
Cyst recurring in a previously obliterated
4. Recurrent
area, or a residual radiolucent area that has
cyst
increased in size
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Figure 2: A) Femoral cyst with pathological fracture at the time of diagnosis, followed by 5-week imobilisation; B) 12 months after first
operation; C) An additional screw has been added-the remaining screws were cleaned of fibrosis; 22 months after the second operation the cyst is
healed.

2.4 Follow-up
As a standard, radiographs were taken at the 2nd, 4th,
6th, 12th months after the procedure and later every 6–8
months, to the end of growth (Figure 2). The status of
the cyst was evaluated using the C. H. Chang22 criteria.
2.5 Statistical analysis
Several factors were studied for their impact on the
outcome of the treatment. For every patient, data on age,
sex and localization of the cysts were available. In
addition, at each patient visit, several additional characteristics of the patient were recorded: activity of the cyst,
months after the first surgery intervention, presence of
previous pathological fracture and cumulative number of
surgery interventions. The data were analyzed using the
Stata/SE 12.1 for Windows (Stata Corporation, USA)
software program. Patient status was modelled by means
of logit regression using the time span (in months) after
the first surgery intervention, age, sex, localization,
activity of the cyst and dummy variables for the second
and third surgery interventions as covariates. The model
was estimated using 241 complete observations on the
treatment of 66 patients. The presented effects on the
healing rate are tested using the Wald-type test for
nonlinear hypotheses. The P-values are calculated using
the delta method. All values of P < 0.1 were considered
to indicate statistical significance.

surgery intervention was indicated. No intraoperative or
perioperative complication or pathological fracture at the
site of the screw during the early bone-healing stage
were noted. The screws that broke during removal,
because of overgrowth of the screw shank with the new
bone, were left in place. All pre-existing pathological
fractures of the humerus were treated conservatively
with a functional brace. Pre-existing pathological femoral fractures were treated mostly conservatively. In two
cases, osteosyntesis of the femoral shaft using an LCP
plate as well as cannulated screws were inserted.
The mean radiological follow-up in the HUMERUS
group was 50.6±2.6 (range 12–134) months, and in the
FEMUR group 31.3±2.4 (12–113) months. The success
rates after the first and the second intervention are shown
in Figure 3.

3 RESULTS
Empirical evidence comprises 241 observations on
66 patients. Each observation pertains to a single patient
at each visit. At every visit, control of the patient status
was documented. If necessary, at such visits additional
Materiali in tehnologije / Materials and technology 54 (2020) 1, 65–70

Figure 3: Healing rate in the HUMERUS and FEMUR groups after
the first and the second procedures. Duration between the 1st and 2nd
treatment in the HUMERUS group was 16.4±1.1 months (range 3–60)
and 19.14±1.2 months (range 4–39) in the FEMUR group
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Figure 4: Statistically significant better healing rates were observed in
the older group (third age quartile – 153 months old) relative to
younger patients (first age quartile – 98 months old) (12 m p = 0.23;
36 m p = 0.00)

Analysed factor effects on the healing rates after the
first and third years are given in Figures 4 to 7.
4 DISCUSSION
The widely accepted theory is that a focal defect in
metaphyseal remodeling leads to venous obstruction, that
results in increased intraosseous pressure. As a consequence we observe the expansion of the cyst size,
which directs the treatment options.13 The trend is
towards surgery, which diminishes the internal cyst
pressure. The main indication for treatment of a UBC is
the fracture risk.10 None of the treatment options
guarantee a cure, except wide resection, which has been
abandoned. The protocol for the best treatment method
for a UBC located in the weight-bearing long bones has
not been established yet. For that reason, the least
aggressive techniques should be applied, with as little
damage to the cortical bone as possible, in order to
reduce fracture risk. Significant differences in success
rates between various treatments can be explained by the
morphological variation of bone cysts, as stated by M.
Amling.23 According to L. C. Johnson,24 the thickness of
the cyst wall may vary from a few micrometers to 1 cm.

Figure 5: Strong significance was observed when comparing healing
rates in the female group according to the male group in favor of the
latter (12 m p = 0.13; 36 m p = 0.08)
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Figure 6: Significantly higher healing rate was noted in the FEMUR
group. (12 m p = 0.10; 36 m p = 0.04)

S. Komiya et al.25 found an enhanced bone-resorption
activity due to elevated prostaglandin-E2, interleukin-1b,
and gelatinase content in the cyst fluid.. Furthermore, J.
Yu26 et al. observed a different apoptosis response of
UBC membrane cells to zoledronate with regards to
trabecular bone cells. There is no consensus regarding
the best treatment in proximal femoral neck lesions.
Some authors suggest open surgery with osteosynthesis,
which should be adapted to the patient’s age, conserving
the growth plate and allowing normal growth.10,27 A less
aggressive approach to stabilize femoral neck fracture
includes conservative treatment, which enables fusion
and in some cases cyst ossification. The actual cyst is
then treated after consolidation of the fracture if it does
not heal spontaneously. Minimally invasive techniques
such as intra-lesional steroid or bone-marrow injection
have been used with variable success rates. Long-term
follow up revealed the need for multiple injections and a
high recurrence rate (up to 88 %). The treatment was
ineffective for cysts in the weight-bearing bones.20 Further attempts to increase the healing potential included a
decompression treatment with multiple drill-holes.16,25 In
order to prevent premature healing of the drill holes,

Figure 7: Effect of third or subsequent procedures is significantly
weaker in comparison to the first and second operations (12 m p =
0.16; 36 m p = 0.06)
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4.5-mm cannulated cortical screws that allowed continuous decompression of the UBC were proposed.28 In
the early postoperative period, a strong tendency for
UBC consolidation was noted, but the cysts recurred, and
a proliferation of the fibrous tissue that blocks the tunnel
was observed. Based on that experience, we therefore
developed a special cannulated screw, which showed
significantly better results than open curettage with bone
grafting and steroid injections in our previously reported
series.
A. Roposch et al.20 used flexible intramedullary
nailing to treat a UBC located in neck and greater
trochanter of the femur. In their series, 11 out of 12 cysts
healed within a mean period of 38.3 months; 1 case
needed additional plate fixation because of the loss of
reduction, and 2 cases needed a nail exchange.20,29 J. J.
Masquijo et al.30 reported 48 patients treated with
intramedullary nailing for UBC. In their series 19
patients had the UBC of the proximal femur, 24 cysts
were located in a proximal humerus, and 2 in a humeral
shaft. They observed higher healing rates in humeral
versus femoral cysts (92.3 % versus 84.2 %). In 8.9 % of
patients, replacement of the nail was performed. H.-Y.
Hou et al.31 presented a series of 40 UBCs involving a
long bone of the upper or lower extremity. High healing
rates (92 %) were noted in a group where minimally
invasive curettage, ethanol cauterisation, disruption of
the cystic boundary with curved impactors, insertion of a
synthetic calcium sulfate bone-graft substitute, and
placement of the cannulated screw to provide drainage
was performed. Recently, there has been a report of
endoscopic currettage of the cyst of the proximal femur
and injection of a bone substitute. The technique is
technically demanding and should be reserved for
recurrent cases.8
In our series of 14 patients with femur lesion the
success rate after the second intervention using cannulated screw was 100 % and there were no cases of late
pathological fractures. Based on our experience, insertion of the cannulated screw in the long bones is a simple
procedure with minimal negative impact on bone integrity and can be done as a day-case surgery. There are
almost no associated risks regarding surgical site infection. Furthermore, no implant rejection was observed, as
the screw is biocompatible and no bone substitute is
inserted. No pain or functional limitations have been
reported. Our minimally invasive technique can be used
even in (recurrent) multi-loculated cysts. We have to
emphasize that there are some cases of a UBC in the
weight-bearing bones, where there is still no optimal
treatment. In cases with a pathologic fracture of the large
proximal femoral UBC, osteosynthesis with a plate, a
dynamic hip screw or intramedullary nail is not possible,
as it can compromise the growth plate. Therefore, a more
conservative approach is suggested; it includes
immobilization in a cast, and no weight bearing for up to
8–10 weeks. When consolidation of the fracture is
Materiali in tehnologije / Materials and technology 54 (2020) 1, 65–70

achieved, cannulated screws and a supporting plate
should be inserted in a manner such that the growth
cartilage is preserved.
We noted several limitations in this study. Due to the
retrospective character of the study, data completeness
and data quality usually have a lower level than in
prospective clinical studies. All the humeral pathologic
fractures caused by UBC were included in this study (not
only proximal fractures or humeral shaft fractures). Also,
there is a relatively small number of patients included in
the FEMUR group.
5 CONCLUSIONS
The results of the statistical analysis of the influence
of different factors on the healing probability are in favor
of male patients, elder ones, those with the cyst located
in the femur and those who needed two procedures at
most – the necessity for the third intervention deteriorates the healing probability in the following months.
However, when the third intervention is indicated, we
suggest using a more aggressive surgical approach, as
presented by H.-Y. Hou.31
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