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Background: There is a variety of treatment modalities for unicameral bone cysts, with variable outcomes reported in
the literature. Although good initial outcomes have been reported, the success rate has often changed with longer-term
follow-up. We introduce a novel, minimally invasive treatment method and compare its clinical outcomes with those of
other methods of treatment of this lesion.

Methods: From February 1994 to April 2008, forty patients with a unicameral bone cyst were treated with one of four
techniques: serial percutaneous steroid and autogenous bone-marrow injection (Group 1, nine patients); open curettage
and grafting with a calcium sulfate bone substitute either without instrumentation (Group 2, twelve patients) or with
internal instrumentation (Group 3, seven patients); or minimally invasive curettage, ethanol cauterization, disruption of
the cystic boundary, insertion of a synthetic calcium sulfate bone-graft substitute, and placement of a cannulated screw
to provide drainage (Group 4, twelve patients). Success was defined as radiographic evidence of a healed cyst or of a
healed cyst with some defect according to the modified Neer classification, and failure was defined as a persistent or
recurrent cyst that needed additional treatment. Patients who sustained a fracture during treatment were also considered
to have had a failure. The outcome parameters included the radiographically determined healing rate, the time to solid
union, and the total number of procedures needed.

Results: The follow-up time ranged from eighteen to eighty-four months. Group-4 patients had the highest radiographically
determined healing rate. Healing was seen in eleven of the twelve patients in that group compared with three of the nine in
Group 1, eight of the twelve in Group 2, and six of the seven in Group 3. Group-4 patients also had the shortest mean time to
union: 3.7 ± 2.3 months compared with 23.4 ± 14.9, 12.2 ± 8.5, and 6.6 ± 4.3 months in Groups 1, 2, and 3, respectively.

Conclusions: This new minimally invasive method achieved a favorable outcome, with a higher radiographically de-
termined healing rate and a shorter time to union. Thus, it can be considered an option for initial treatment of unicameral
bone cysts.

Level of Evidence: Therapeutic Level III. See Instructions to Authors for a complete description of levels of evidence.

U
nicameral bone cyst, also known as a simple bone
cyst, was first reported by Virchow in 18761. The
etiology remains unknown, although the venous

obstruction theory is one of the most accepted pathogenesis
models2,3. Unicameral bone cyst commonly occurs in 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 years2,3. Unicameral bone cyst is a
benign self-limiting disease and usually heals spontaneously
after skeletal maturity4. Conservative treatment with close
outpatient follow-up is suggested for a small cyst without a
pathological fracture. However, before the cyst regresses,

A commentary by James G. Wright, MD, MPH,

FRCSC, is available at www.jbjs.org/commentary
and as supplemental material to the online
version of this article.

Disclosure: The authors did not receive any outside funding or grants in support of their research for or preparation of this work. Neither they nor a
member of their immediate families received payments or other benefits or a commitment or agreement to provide such benefits from a commercial
entity.

A video supplement to this article will be available from the Video Journal of Orthopaedics. A video clip will be available at the JBJS web site,
www.jbjs.org. The Video Journal of Orthopaedics can be contacted at (805) 962-3410, web site: www.vjortho.com.

855

COPYRIGHT � 2010 BY THE JOURNAL OF BONE AND JOINT SURGERY, INCORPORATED

J Bone Joint Surg Am. 2010;92:855-62 d doi:10.2106/JBJS.I.00607



some patients may sustain a pathological fracture through the
thin cortex, and the fracture often heals with a residual skeletal
deformity4. Intervention has been advocated to prevent fractures
and their related complications, especially in the weight-bearing
long bones. However, since all treatments have a defined failure
rate, no definitive treatment has been identified.

A successful outcome should include a higher healing rate
as determined radiographically and a shorter time to solid union
with fewer procedures and complications. As unicameral bone
cysts have a high rate of late recurrence, long-term radiographic
follow-up is needed to ensure that the treatment has been ef-
fective. Many treatments have been advocated, including con-
servative management, percutaneous aspiration and local steroid
injection5-8, open curettage and bone-grafting (autografting,
allografting, or use of an artificial bone substitute)9-11, and
subtotal resection with bone-grafting12. The radiographically
determined rates of healing of unicameral bone cysts following
these treatments have been reported to range from 12% to 92%,
with times to union ranging from three to ninety months2,6-11,13,14.
Unfortunately, recurrence of the cyst has been reported in 18%
to 88% of patients at six months to seven years after the initial
treatment9-11,13,15,16.

Since venous obstruction may play an important role in
the pathogenesis of unicameral bone cysts, Kirschner wires17,
cannulated screws13,18,19, or flexible intramedullary nails20-22 have
been used to provide continuous decompression in the treat-
ment of these cysts. The radiographically determined healing
rates have been reported to range from 29% to 100% after these
treatments, with complications including recurrence and physeal
injury from these relatively invasive procedures18-20,22. In addition,
patients may need another procedure to remove the implant.

Since minimally invasive surgery provides better healing
potential and preservation of function because there is less
damage to the periosteum, muscles, and blood supply, we
propose a novel, minimally invasive method for the treatment
of unicameral bone cysts. This method includes curettage
through a small skin incision (<1 cm for an upper-extremity
lesion and <2 cm for a lower-extremity lesion) and a fenes-
tration, ethanol cauterization of the cystic lining membrane,
disruption of the cystic boundary to introduce fresh bone
marrow from the medullary canal into the cyst, placement of
a calcium sulfate bone-graft substitute (OSTEOSET pellets;
Wright Medical Technology, Arlington, Tennessee) in the cystic
cavity with use of a specially designed curved impactor, and
insertion of a 4.5-mm cannulated screw (Synthes, Paoli,
Pennsylvania) to provide continuous drainage.

In this study, the outcomes of this technique were
compared with those of other methods, including percutane-
ous serial steroid and autogenous bone-marrow injections and
curettage and use of a synthetic bone-graft substitute with and
without internal instrumentation.

Materials and Methods
Patients

From February 1994 to April 2008, fifty patients diagnosed
with unicameral bone cyst were treated at our institution.

The inclusion criterion for this study was a unicameral bone
cyst involving a long bone of the upper or lower extremity. The
exclusion criteria were a unicameral bone cyst not involving a
long bone, treatment with bone cement, and loss to follow-up.
Forty patients met these criteria and were available for evalu-
ation. They were divided into four groups according to the
initial treatment that they had received. Group 1 included nine
patients who had undergone percutaneous steroid and autog-
enous bone-marrow injections three consecutive times within
two months. Group 2 (twelve patients) had open curettage and
grafting with calcium sulfate pellets alone. Group 3 (seven pa-
tients) had open curettage, grafting with calcium sulfate pellets,
and internal fixation with a dynamic compression plate or a
compression hip screw to fix a displaced fracture. Group 4
(twelve patients) underwent a minimally invasive procedure
through a small skin incision, with open curettage, ethanol
cauterization, disruption of the cystic lining, grafting with
calcium sulfate pellets placed through a small cortical fenes-
tration, and insertion of one cannulated screw. Over the
fourteen years of the study, the treatment of unicameral bone
cysts changed. We treated all unicameral bone cysts with the
method described for Group 1 in the earlier years, then we
switched to the Group-2 method because of limited success
with the Group-1 method, and finally we switched to the
Group-4 method on the basis of a review of the literature and
our own clinical experience. If the cyst was located in the
midpart of the shaft of a long bone and a displaced fracture was
present, internal fixation with a dynamic compression plate or
a compression hip screw (Group 3) was performed.

After the cyst was treated, the patients were followed
monthly for three months, bimonthly for six months, quar-
terly for one year, and then semiannually until skeletal matu-
rity. If a persistent or recurrent cyst was noted at any time,
closer follow-up was arranged.

Surgical Technique (Group 4)
Preoperative imaging studies included digitized radiographs
and a magnetic resonance imaging scan. Fluoroscopy was not
used routinely in order to minimize radiation exposure. With
the patient under general anesthesia, a small longitudinal skin
incision (less than 1 cm in the upper extremity and 2 cm in the
lower extremity) was made, and a small fenestration was cre-
ated in the cortex with use of a small (4.0-mm-diameter) tre-
phine through the thinnest part of the cyst wall at the level of
the midpoint of the cyst. The contents of the cyst were aspi-
rated, and specially designed curved impactors were used to
break up any septa within the cyst (Fig. 1, A and B). The
membrane lining the cyst was then removed with use of a
curved curet inserted through the fenestration. In some in-
stances, if the cyst was large and it was questionable whether
it had been thoroughly eradicated, fluoroscopy was used to
ensure that the entire cyst had been treated. To avoid the de-
velopment of a recurrence due to any remaining active cyst
membrane lining, 95% ethanol solution was injected to fill the
cyst. The amount of ethanol depended on the size of the cyst.
The ethanol was left in place for about thirty seconds and then
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aspirated. This was followed by extensive irrigation with normal
saline solution to minimize damage to healthy tissue. The
ethanol injection was repeated two or three times. Following the
saline solution irrigation, a curved impactor was inserted and
used to penetrate the boundary between the cyst and the nor-
mal bone-marrow space (Fig. 1, C). A communication between
the cyst and the medullary canal was achieved to allow the
introduction of bone-marrow cells into the cyst. The cyst was
then filled from end to end with calcium sulfate bone-graft
substitute with use of the curved impactors. Finally, one 4.5-mm
cannulated screw was inserted through the small fenestration
to provide continuous decompression (Fig. 2). During this pro-
cedure, the screw head was carefully placed beneath the sub-
muscular layer and just above the cortex to avoid obstruction of
the cannula by osseous overgrowth. A splint was used for external
support only when the patient had a pathological fracture, and
it was removed after union of the fracture was seen radio-
graphically. The cannulated screw was removed at one year
after the initial treatment, and at that time residual cystic de-
fects were treated with additional curettage, ethanol cauteri-
zation, and/or use of calcium sulfate bone-graft substitute.

The radiographically determined healing rate, the time
to solid union, the total number of procedures, and the com-
plications in the various groups were assessed. Using the modi-
fied Neer radiographic classification system23, two independent
reviewers (W.-H.L. and H.-Y.H.) assessed healing according to
four categories: healed, healed with a defect, persistent cyst, and
recurrent cyst. Healed was defined as a cyst filled with new bone,
with or without a small radiolucent area of <1 cm in size. Healed
with a defect was defined as a radiolucent area encompassing
<50% of the diameter of the bone with enough cortical thickness

to prevent a fracture. A persistent cyst was defined as a radiolucent
area encompassing ‡50% of the diameter of the bone, with a thin
cortical rim, no increase in the size of the cyst, and continued
restriction of activity recommended or repeat treatment re-
quired. A recurrent cyst was one that had reappeared in a
previously obliterated area, or a residual radiolucent area that
had increased in size23. A healed cyst or a cyst that healed with a
defect was considered to represent healing. A persistent or re-
current cyst indicated a therapeutic failure, and supplementary
treatments were needed. Furthermore, patients who sustained a
fracture as a result of a fall during the treatment course were also
considered to have a failure. If a persistent cyst was noted, repeat
treatment was performed promptly. In this study, we com-
pared the radiographic healing outcomes only after the initial
treatment.

The time to solid union was defined as the time to solid
union from the initial treatment. Solid union meant that the
cyst had regressed sufficiently so that there was enough cortical
wall thickness to prevent a future fracture and unrestricted
physical activities were allowed. If the cortical wall of the cyst
had become as thick as the healthy neighboring cortical wall,
we defined it as sufficient to prevent a future fracture. All
patients had solid union during the follow-up period, and
those who had a failure and underwent repeat treatment with
other methods were included in the assessment of the time to
solid union.

The cyst size was defined as the ratio of the cyst length to
the physeal width, according to criteria described by Chang
et al.24, instead of as the actual size. The cyst was defined as
active if the distance from its margin to the physis was
<10 mm24. Otherwise, it was defined as latent.

Fig. 1

The specially designed curved impactors (A), used to break up any septa within the cyst and for graft impaction, are placed

through a small skin incision and a 4.0-mm-diameter cortical fenestration (B). After ethanol cauterization, communication be-

tween the medullary cavity and the cyst is created by penetrating the cyst wall with a curved impactor (C).
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Statistical Analysis
The Fisher exact test was used to compare the radiographically
determined healing rates among the groups, with an alpha value
of 0.05 defined as significant. Kaplan-Meier survival analysis was
used to compare the times to solid union among the groups, and
the significance was determined with the log-rank test, with an
alpha value of 0.05 defined as significant. Multiple logistic
regression analysis was used to evaluate the prognostic signif-
icance of age, sex, cyst size, cyst activity, and treatment method.
Both univariate and multivariate robust logistic analyses were
used to assess the odds ratios for therapeutic failure.

Source of Funding
No funding was received in support of this research.

Results

There were thirty male patients and ten female patients with
a mean age of 13.2 years (range, four to twenty-seven

years). The unicameral bone cyst was in the humerus in
twenty-eight (70%) of the forty patients; the femur in nine
(23%); and the radius, tibia, and fibula in one each. Twenty-six

patients (65%) had a fracture before definitive treatment. The
mean size of the unicameral bone cyst, defined as the ratio of
the cyst length to the physeal width, was 2.21 (range, 0.74 to
3.84). Nineteen patients (48%) had an active cyst at the time of
initial treatment, and the active cyst became inactive as a result
of bone growth and a shift of the cyst’s location in nine of them
during the follow-up period. The mean follow-up period (and
standard deviation) was 37.6 ± 16.8 months (range, eighteen
to eighty-four months). The follow-up times differed among
the groups, with Group 1 having the longest (mean, 52.4 ±
19.5 months) and Group 4 having the shortest (27.7 ± 3.9 months).
(The follow-up times were 38.1 ± 18.4 and 34.7 ± 11.4 months
in Groups 2 and 3, respectively.) The method employed in
Group 4 was the most recent treatment used, resulting in the
shortest follow-up period. There was no significant difference
in age, sex, cyst size, or cyst activity among the four groups
(Table I).

In Group 1 (nine patients), three patients had a healed
cyst, one had a persistent cyst, four had a recurrent cyst, and
one had a fracture following the initial treatment. The latter six
patients underwent additional treatment, including repeated

Fig. 2

A twelve-year-old boy with an active unicameral bone cyst in the proximal part of the left humerus (A). The cyst wall was thin, and a

pathological fracture was present in the upper end. The patient underwent the minimally invasive procedure (B). Three months

later, the cortical bone had remodeled rapidly, the cyst size had decreased, and the bone substitute was well incorporated (C).

Five months after the surgery, the cyst was healed well with a thick cortical wall (D). The patient resumed his normal daily

activities without any restriction.
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steroid and bone-marrow injections in two patients, open
curettage with bone-grafting in three, and open reduction,
internal fixation, and bone-grafting in one to treat a fracture of
the proximal part of the humerus. In Group 2 (twelve pa-
tients), eight patients had a healed cyst, one had a persistent
cyst, and three had a recurrent cyst. The latter four patients
underwent additional treatment, including open curettage and

bone-grafting in three and open curettage, bone-grafting, and
insertion of a single cannulated screw in one. In Group 3
(seven patients), four patients had a healed cyst, two had a cyst
that had healed with a defect, and one had a persistent cyst.
The last patient underwent additional steroid and bone-marrow
injections. In Group 4 (twelve patients), seven patients had a
healed cyst, four had a cyst that had healed with a defect, and

TABLE I Demographic Data for Each Group

Group 1 (N = 9) Group 2 (N = 12) Group 3 (N = 7) Group 4 (N = 12)

Mean age (yr) 11.6 12.6 17.3 12.6

Male:female (no.) 7:2 8:4 6:1 9:3

Mean cyst size ratio 1.90 2.14 2.25 2.5

Cyst activity (active:latent) (no.)

Before initial treatment 5:4 5:7 3:4 6:6

After initial treatment 3:6 3:9 1:6 3:9

Fracture before initial treatment (no.) 8 5 7 6

Radiographic assessment (no.)

Healed 3 8 4 7

Healed with defect 0 0 2 4

Persistent cyst 1 1 1 0

Recurrent cyst 4 3 0 0

Fracture during treatment course (no.) 1 0 0 1

Mean follow-up period (and stand. dev.) (mo) 52.4 ± 19.5 38.1 ± 18.4 34.7 ± 11.4 27.7 ± 3.9

Success rate (no. with healing/no. in group) 3/9 8/12 6/7 11/12

Mean time to solid union (and stand. dev.) (mo) 23.4 ± 14.9 12.2 ± 8.5 6.6 ± 4.3 3.7 ± 2.3

Mean no. of procedures 4.0 1.6 2.1 2.1

Fig. 3

Kaplan-Meier survival curves for the time to solid union. The results showed that Group-

1 patients had the longest time to solid union and Group-4 patients had the shortest time

as compared with the other two groups (log-rank test, p < 0.05).
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one had a residual large unicameral bone cyst in the proximal
part of the femur (cyst size, 3.20) as well as a subtrochanteric
fracture that occurred two months after the initial treatment
(Table I).

There was solid union of all forty cysts, with a thickened
cortical wall, after either initial treatment and/or supplemen-
tary treatment during the follow-up period. In Group 4, all
twelve patients had undergone implant removal at the time of
final follow-up. Of the four cysts categorized as healed with a
defect in that group, two were treated with additional curet-
tage, ethanol cauterization, and a calcium sulfate grafting pro-
cedure at the time of implant removal.

Radiographic assessment showed that Group 4 had the
highest healing rate (eleven of the twelve patients). Healing was
seen in three of the nine patients in Group 1, eight of the twelve
in Group 2, and six of the seven in Group 3. Subgroup analysis
showed the healing rate in Group 1 to be significantly lower
than that in Group 4 (p < 0.05). With the numbers studied, no
significant difference was found when Groups 2 and 3 were
compared with Group 4.

Group-4 patients had solid union at an average of 3.7 ± 2.3
months compared with 23.4 ± 14.9, 12.2 ± 8.5, and 6.6 ± 4.3
months in Groups 1, 2, and 3, respectively (Fig. 3). Subgroup
analysis revealed that Group-1 patients had a significantly
longer time to solid union than the other groups (p < 0.05
for all comparisons). Group 4 had a significantly shorter time
to solid union than Group 1 or Group 2 (p < 0.05 for both
comparisons).

The mean number of procedures were 4.0, 1.6, 2.1, and
2.1 in Groups 1, 2, 3, and 4, respectively (Table I).

We identified no significant prognostic effect of age, sex,
cyst size, or cyst activity on the final outcome after statistical
adjustment for confounding factors (age, sex, cyst size, and
cyst activity) (Table II). The therapeutic failure rate in Group
1 was significantly higher than that in Groups 3 and 4 (p = 0.04
and p = 0.02, respectively).

Discussion

Since the pathogenesis of unicameral bone cyst remains
unknown, no universal treatment method has been adopted.

The most commonly theorized pathogenesis mechanisms
are high intraosseous pressure due to venous obstruction, as
proposed by Cohen3, and enhanced bone-resorption activity
due to elevated prostaglandin-E2, interleukin-1b, and gela-
tinase content in cyst fluid, as proposed by Komiya et al.16. Yu
et al.25 found that unicameral bone-cyst membrane cells and
trabecular bone cells have a different apoptosis response to
zoledronate. Hence, the main components of treatment of
unicameral bone cyst must be adequate decompression of the
intraosseous pressure, irrigation of the cyst to decrease the
bone-destroying enzymes, eradication of cyst membrane ac-
tivity, and stimulation of bone-healing.

Percutaneous aspiration of the fluid in the cyst accom-
panied by steroid injection was first proposed by Scaglietti26 in
1974. Performance of steroid injection in addition to cyst ir-
rigation was thought to induce degeneration of the cyst mem-
brane and suppress fluid production. This treatment became the
standard for unicameral bone cysts between 1988 and 1996
because of the initially good-to-excellent reported results6,8.
However, long-term follow-up revealed the need for multiple
injections (in 50% to 76% of cases)7,19,27 and a high recurrence
rate (15% to 88%) at six months to seven years after the initial
treatment2,7,15,23,24 (even after three repeat injections5,15,19,28). The
treatment was ineffective for cysts in weight-bearing bones21,
and there was no response to treatment in 10% of cases5-7,29.

In an effort to increase the healing potential, Wientroub
et al.30 used autogenous bone-marrow injection and reported
the results in 1989. A high healing rate initially reported by
Lokiec et al.31 led to extensive use of this treatment after 1996.
Yandow et al.29 claimed that there was a high success rate after a
single injection, faster healing than after a steroid injection, the
need for fewer procedures, and greater effectiveness in ado-
lescent patients. Cho et al.2 retrospectively compared steroid
injection with bone-marrow injection and found that the
group treated with the bone-marrow injection had a lower
recurrence rate after a single procedure and needed fewer in-
jections to achieve healing. However, the disadvantages included
a risk of injury to the iliac physis, heterotopic ossification, and
variable results14,24. Killian et al.32 reported that the results of
treatment with demineralized bone matrix combined with
bone-marrow injection were similar to those of demineralized
bone matrix injection alone. Additionally, Chang et al.24 found
similarly high recurrence rates after both bone-marrow in-
jection (57%) and steroid injection (49%). A recent randomized

TABLE II Odds Ratios for Therapeutic Failure Derived with

Univariate and Multivariate Robust Logistic Analysis

Univariate Analysis Multivariate Analysis

Odds Ratio P Value Odds Ratio P Value

Age

‡15 yr (baseline) — — — —

<15 yr 0.663 0.564 0.664 0.632

Sex

Female (baseline) — — — —

Male 2.000 0.431 2.512 0.373

Cyst size

‡2.3 (baseline) — — — —

<2.3 2.000 0.335 1.959 0.430

Cyst activity

Latent (baseline) — — — —

Active 1.154 0.836 1.045 0.968

Group

1 (baseline) — — — —

2 0.250 0.138 0.260 0.169

3 0.083 0.054 0.056 0.040*

4 0.045 0.014* 0.049 0.020*

*P < 0.05 as compared with Group 1.
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clinical trial showed that the healing rate following bone-
marrow injection was significantly lower than that after steroid
injection (23% and 42%, respectively)33. In our study, the
patients who had undergone serial steroid and autogenous
bone-marrow injections required repeated procedures (a mean
of 4.0) and had a significantly lower radiographically deter-
mined healing rate (three of nine) with a longer time to solid
union (mean, 23.4 ± 14.9 months) than the other treatment
groups.

The reported radiographically determined healing rate
after open curettage with bone-grafting has ranged from 40%
to 88%9-11. Open curettage can eradicate the source of bone-
destroying enzymes through the removal of the membrane.
Additionally, bone-graft materials such as autograft, allograft,
or hydroxyapatite bone substitute may increase bone-healing.
The disadvantages of traditional open curettage and bone-
grafting procedures include donor-site morbidity, infection,
iatrogenic pathological fracture, growth plate injury, and a high
recurrence rate (range, 18% to 50%)9,11,29,34,35. Because of the
relatively invasive properties and variable results of this method,
some authors do not recommend it as the initial treatment2,15. In
our practice, the radiographically determined healing rate fol-
lowing open curettage with bone-grafting was eight of twelve,
and the mean time to solid union was 12.2 ± 8.5 months; both
of these results were better than those following serial steroid
and bone-marrow injections (p < 0.05 for the comparison of the
time to solid union between Groups 2 and 1).

Neither of the aforementioned methods can achieve contin-
uous decompression of the intraosseous pressure during healing.
Trepanation can release intraosseous pressure, drain bone-
resorption factors, improve venous circulation2,16,36, and introduce
normal fresh bone-marrow contents from the medullary cavity
into the cyst through penetration of the cystic margin16,19,37.
Komiya et al.16 first reported the results of the percutaneous
trepanation procedure to treat unicameral bone cyst without
injection of local materials in 1993. The reported recurrence
rate following trepanation has ranged from 18% to 30% in the
literature16,36,37. Some authors have proposed the use of in situ
implants for continuous decompression and drainage to pro-
mote cyst healing and reduce the rate of recurrence, and fa-
vorable results have been achieved with the use of Kirschner
wires17, flexible intramedullary nails20-22,35, and cannulated
screws13,18,19. The success rates have ranged from 29% to 100%
after eight months to twelve years of follow-up. The use of a
cannulated screw for continuous decompression and drainage
was first reported by Ekkernkamp et al.18 in 1990. Tsuchiya
et al.19 performed curettage and placed a titanium cannulated
screw or a hydroxyapatite cannulated pin without bone-
grafting. The healing rates after treatment with the titanium
cannulated screw and treatment with the hydroxyapatite can-
nulated pin were 80% and 100%, respectively, after a duration
of follow-up of eight months to twelve years.

We employed a minimally invasive approach. Using special
curved impactors, we performed trepanation through a small
skin incision (<1 cm in the upper extremities and <2 cm in the
lower extremities) with a smaller fenestration in order to

preserve more of the periosteum. Ninety-five percent ethanol
solution was used as a chemical cauterization agent to eradicate
remaining tissues containing active membrane cells within the
cyst. The special curved impactors were used to penetrate the
cystic wall at one end to communicate with the normal bone-
marrow cavity. Then, with use of the same impactor, the graft
substitute was completely impacted from end to end to fill the
cyst. Finally a 4.5-mm cannulated screw was inserted into the
initial fenestration for continuous decompression and drain-
age. If a pathological fracture was encountered, the cannulated
screw in combination with the impacted bone graft could
provide additional internal stability for fracture-healing. Al-
though Tsuchiya et al. used a cannulated ceramic pin made of
hydroxyapatite and tricalcium phosphate to avoid later screw
removal19, an implant that degrades over time may not provide
continuous drainage. In our series, a patent cannulation track
was observed during removal of the screws once cyst healing
had been achieved, indicating that there had been continuous
decompression and drainage throughout the treatment course.
No patient complained about protrusion of the screw head
during the follow-up period.

The outcome of this minimally invasive procedure (healing,
as determined radiographically, in eleven of twelve patients
and a mean time to union of 3.7 ± 2.3 months) compares favor-
ably with outcomes of bone-grafting alone, and the procedure
is less invasive than the traditional open curettage method.
With the high success rate, shorter time to union, and smaller
number of procedures needed, this new method can be con-
sidered to be another treatment option for unicameral bone cyst.

The only failure in Group 4 was in the patient with a large
unicameral bone cyst (cyst size, 3.20) in the proximal part of the
femur. Two months after the initial treatment, he sustained a
fracture in the subtrochanteric area and underwent open re-
duction and internal fixation with a compression hip screw. Solid
union of the cyst was achieved seven months after this treatment.

Patients who had sustained a displaced pathological frac-
ture in the diaphysis were treated with open reduction and in-
ternal fixation with bone-grafting. These patients had a higher
radiographically determined healing rate (six of seven) and a
shorter time to solid union (mean, 6.6 ± 4.3 months) than
those who had undergone percutaneous steroid and bone-
marrow injections or bone-grafting without internal instru-
mentation. The better outcomes in these patients may be
attributable in part to the multiple screws in situ, which may
provide a continuous drainage effect during the healing process.

The limitations of our study include its retrospective de-
sign, a relatively small number of patients, and a shorter follow-
up period in some groups. One patient in Group 4 was followed
for only eighteen months, but the other thirty-nine patients
were followed for more than two years.

In conclusion, minimal-incision open curettage com-
bined with ethanol cauterization, grafting with a calcium sulfate
bone substitute, and insertion of a cannulated screw is an option
for treatment of a unicameral bone cyst of a long bone. A
longer-term follow-up and a review of more cases are needed
to determine its role in the treatment of this lesion. n
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