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Abstract: Simple bone cysts (SBCs) are benign bone tumors. How-

ever, the treatment of SBCs remains controversial because of their

healing rate and the invasiveness of surgery. The purpose of the present

study was to evaluate the treatment of SBCs using a cannulated

hydroxyapatite (HA) pin.

A total of 43 patients (35 males, 8 females; mean age 12.1 years; age

range, 5–22 years) with SBCs were treated with continuous decom-

pression by inserting ceramic HA pins between 1989 and 2014. The

SBCs were located in the calcaneus in 23, the humerus in 15, the femur

in 3, and the pelvis in 2 cases. In all patients, minimal fenestration of the

cyst wall and curettage and multiple drilling in the cyst wall were

performed, followed by insertion of the HA pin. The mean follow-up

period was 26.6 months. Operating time, healing period, risk factors for

recurrence, and the cure rate were evaluated.

Healing was achieved without intervention in 38 patients after a

mean of 6.4 months. Two patients had persistent small residual cysts,

which had no changes after 1 year at the latest follow-up. There were 5

patients with recurrences (humerus 4, femur 1), who were cured by

curettage and artificial bone grafting. The final healing rate by cannula-

tion only using an HA pin was 88.2%. On Fisher exact test, age, site of

SBCs, and distance from the physis were found to be significantly

associated with SBC recurrence (P< 0.05).

In the present study, cannulation using an HA pin for SBCs was

found to be a useful technique, particularly for calcaneal cysts, because

it is a minimally invasive procedure with a high cure rate. In patients

<10 years, involvement of the humerus and contact with the growth

plate were significant risk factors for SBC recurrence.

(Medicine 94(25):e1027)
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INTRODUCTION

S imple bone cysts (SBCs) are benign bone tumors that
traditionally present in the first 2 decades of life. The cysts

have a predilection to occur in males more frequently than in
females (3:1). The most common site of SBCs is the humerus
(59%), followed by the femur (25%) and the calcaneus (6%).1

Alternative therapeutic options for SBCs have included steroid
injections, autologous bone marrow injection, open curettage
and bone grafting, various methods of cyst decompression, the
use of calcium phosphate and calcium sulfate, and cannulated
screws.2–10 However, treatment of SBCs remains controversial
because of the cure rate and the invasiveness of surgery.
Although most SBCs resolve by the time the patient reaches
skeletal maturity, it has been reported that patient age and the
location of the cyst within the physis are predictors of successful
treatment. The purpose of the present study was to evaluate the
treatment of SBCs using a cannulated hydroxyapatite (HA) pin
(Figure 1) that can decompress continuously and does not
require further surgery for implant removal unlike cannulated
screws.9

PATIENTS AND METHODS
Between 1989 and 2014, HA pins (Kobayashi Medical,

Tokyo, Japan) insertion was performed as the first operation on
all cases of SBC that required surgery. Informed consent was
obtained from the patients and their family members. Of the 43
patients that underwent HA pins insertion, 35 were males and 8
were females, with a mean age of 12.1 years (range, 5–22 years).
The SBCs were located in the calcaneus in 23, the humerus in
15, the femur in 3, and the pelvis in 2 cases (Table 1). In all
patients, minimal fenestration (diameter, 8 mm) was performed
in the cyst wall, and then curettage was done. After that,
multiple drill holes were made in the cyst wall with a K-wire
to establish a connection to healthy bone marrow, followed
by insertion of the HA pin. The mean follow-up period was
26.6 months. Healing period, recurrence and healing rates, and
risk factors for recurrence were evaluated. A cyst was classified
as healed when there was complete obliteration of the cavity.
Fisher exact test was performed to examine the risk factors for
SBC recurrence, such as sex, age, cyst sites, and distance from
the physis. A P value of <0.05 was considered significant.
Statistical analyses were performed using IBM SPSS Statistics
software, version 19 (IBM SPSS, Armonk, NY).

RESULTS
Healing was achieved without intervention in 38 patients
ths (range, 1–12) (Figures 2 and 3). Two
t small residual cysts, which had no
at the latest follow-up. There were
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FIGURE 1. Cannulated hydroxyapatite pin (outside diameter
8 mm, inside diameter 3 mm).

TABLE 1. Patient Characteristics and Treatment Outcomes

No. Sex Age Location Contact With Ph

1 F 12 Humerus No
2 M 11 Humerus No
3 M 6 Pelvis No
4 M 17 Humerus No
5 M 9 Calcaneus No
6 F 14 Calcaneus No
7 M 16 Pelvis No
8 M 22 Humerus No
9 M 12 Calcaneus No
10 F 18 Calcaneus No
11 M 11 Humerus Yes
12 M 8 Humerus No
13 M 13 Calcaneus No
14 M 10 Calcaneus No
15 F 17 Calcaneus No
16 M 15 Calcaneus No
17 M 12 Femur No
18 M 11 Calcaneus No
19 M 15 Femur No
20 M 8 Humerus Yes
21 F 11 Calcaneus No
22 M 5 Femur No
23 M 11 Calcaneus No
24 M 11 Calcaneus No
25 M 6 Humerus Yes
26 M 8 Humerus Yes
27 F 14 Calcaneus No
28 M 8 Calcaneus No
29 F 10 Humerus Yes
30 M 14 Humerus No
31 M 9 Humerus Yes
32 M 15 Calcaneus No
33 M 9 Calcaneus No
34 M 12 Calcaneus No
35 M 17 Calcaneus No
36 F 14 Calcaneus No
37 M 14 Calcaneus No
38 M 13 Humerus Yes
39 M 13 Calcaneus No
40 M 15 Humerus No
41 M 8 Humerus Yes
42 M 14 Calcaneus No
43 M 14 Calcaneus No
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5 patients with recurrences (humerus 4, femur 1), which were
cured by curettage and artificial bone grafting in expectation of
adding mechanical strength (Figure 4). All patients with SBCs of
the calcaneus were healed after a mean of 5.0 months (range,
1–10 months). The final healing rate by cannulation only using
HA pins was 88.4%. On Fisher exact test, age <10 years, site
involving the humerus, and contact with the growth plate were
significantly associated with SBC recurrence (P< 0.05)
(Table 2).
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DISCUSSION
In the present study, cannulation using an HA pin was

found to be a useful technique for SBCs, particularly calcaneal

ysis Healing Period Status Follow-Up

12 Healed 60
7 Healed 55
3 Healed 48

12 Healed 40
7 Healed 35

10 Healed 29
12 Healed 28
8 Healed 38
6 Healed 24
3 Healed 11

Recurrence 100
8 Healed 71
6 Healed 51
4 Healed 1
3 Healed 40
6 Healed 17
6 Healed 33
6 Healed 40
8 Healed 17

Recurrence 50
2 Healed 17

Recurrence 30
3 Healed 14
5 Healed 6

Recurrence 25
12 Residual 61
5 Healed 17
8 Healed 8

12 Residual 36
10 Healed 23

Recurrence 16
1 Healed 1
7 Healed 17
9 Healed 9
4 Healed 5
5 Healed 5
2 Healed 2
6 Healed 6
7 Healed 12
8 Healed 12
6 Healed 10
3 Healed 8
3 Healed 6
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FIGURE 2. Case 27. (A) SBC of the calcaneus of a 14-year-old girl.
(B) Five months after surgery, the cyst has completely healed. SBC
¼ simple bone cyst.

FIGURE 3. Case 40. (A) SBC of the humerus of a 15-year-old boy.
(B) Eight months after surgery, the cyst has completely healed.
SBC ¼ simple bone cyst.

FIGURE 4. Case 20. SBC of the humerus of an 8-year-old boy. (A) An
drilling. (B) Nine months after initial surgery, the cyst has enlarged. (C)
grafting. (D) Recurrence of the cyst occurred in part of the proximal art
the third operation, the cyst has completely healed. HA ¼ hydroxyap
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cysts, because it is a minimally invasive procedure with a high
cure rate. Strategies for treatment of SBCs have evolved over a
long time. Currently, management methods include obser-
vation,11 injections of steroid2,12 or bone marrow or deminer-
alized bone matrix,3,13 decompression using a cannulated pin
and screw,5,9,10 and combined surgical techniques. However,
management of SBCs remains controversial because of their
healing rate and the invasiveness of treatment. SBCs sometimes
heal spontaneously subsequent to a pathological fracture. Spon-
taneous healing occurs in <10% of patients with an SBC as a
result of traumatic decompression by a pathological fracture.14

Steroid injection was proposed by Scaglietti et al15 in 1979; they
reported a high healing rate after steroid injection. However,
subsequent studies reported a lower healing rate for steroid
injection, only 41% to 63%.2,16 The injection of bone marrow
alone or in combination with demineralized bone matrix has
been proposed to have a good healing rate of 43% to 69%.17,18

On the other hand, Chang et al19 reported no advantage with the
use of autologous bone marrow. The gold standard procedure
has been considered for many years to be curettage with
removal of the cyst membrane and bone grafting. However,
the healing rate has ranged as low as 40%.4,20 Decompression of
SBCs can be achieved using needles or implants, such as
intramedullary nails, Kirchner wires, and cannulated screws
or pins. Decompression using intramedullary nails provided
healing rates of almost 70%, with recurrence rates of
<10%.21,22 However, this technique requires a second surgery
to remove the nails.

We have used cannulated HA pins that provide decom-
pression continuously since 1989. They do not need to be
removed and have osteoconductive properties that may stimu-
late healing. In the present study, the healing rate was 88.2%,
which was satisfactory compared with the healing rate by the
methods mentioned earlier. Cho et al,16 Rougraff et al,17 and
Glanzmann and Campos22 reported that it took 9 to 16 months to
achieve remodeling. In the present study, the mean healing
period was only 6.1 months.

There are few reports about the risk factors for SBC

Cannulation for Simple Bone Cysts
recurrence. Age was reported to be a reliable predictor, wi
children >10 years of age having a higher rate of cyst healin
than those <10 years.23,24 Nonetheless, in a more recent stud

HA pin has been inserted into the cyst cavity after curettage and
A reoperation was performed, with curettage and artificial bone

ificial bone 23 months after reoperation. (E) Sixteen months after
atite, SBC ¼ simple bone cyst.
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TABLE 2. Analysis of Recurrence Factors for Simple Bone Cyst

Variable Number Recurrence (%) P Value
�

Age, y 0.02
<10 11 4 (36)
�10 32 1 (3)

Sex 0.67
Female 8 0
Male 35 5 (14)

Location 0.04
Calcaneus 23 0
Humerus 15 4 (27)
Femur 3 1 (33)
Pelvis 2 0

Contact with physis <0.01
Yes 8 4 (50)
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age and location were found not to affect the outcome.16

However, in the present study, age <10 years and location in
the humerus were associated with a significantly higher recur-
rence rate. Alternatively, Haidar et al25 reported that a lesion
located <2 cm from the growth plate may be a risk factor for
recurrence. In the present study, a significantly higher recur-
rence rate was found for patients with a lesion contacting the
physis. As the reason for this, we speculate that the proximal
humerus in the young, due to its rapid growth, may have a
likelihood of venous obstruction leading to the formation
of cysts.

The limitation of the present study is the absence of a
comparative group or a randomized comparison. Moreover, the
number of patients enrolled was relatively small, and thus the
statistical power of the study was weak. A large study would
provide more information.

In conclusion, the present study suggests that cannulation
using HA pins for SBCs is a useful technique, particularly for
calcaneal cysts, because it is a minimally invasive procedure
with a high cure rate. Age <10 years, site in the humerus, and
contact with the growth plate were significant risk factors for
SBC recurrence.
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