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Fig. 1 Preoperative radiograph (A-P view): a displaced femoral neck
fracture with scalloping around the femoral neck is apparent. An
osteolytic and hypertrophic lesion with bony fragments was detected
in the greater trochanter. Cortical thickening was present in the
subtrochanter. The lesser trochanter was absent

Fig. 2 Computed tomography (CT) images showed a dense area of
soft tissue with scalloping of the femoral neck. Irregular osteolytic
and sclerotic changes with bony fragments were present at the
trochanteric region

Coronal T2-weighted images showed high signal
inténsity regions extending into the adductor muscles. This
finding was interpreted as hemorrhage from the femoral
neck fracture (Fig. 3).
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Fig. 3 Coronal T2-weighted image (3600/125). An intra-articular
mass lesion surrounding the femoral neck was present (arrow). The
signal intensity of the lesion was higher than that of bone marrow.
High signal intensity in the adductor muscles was also noted
(arrowhead)

An axial T2-weighted image showed a high-intensity
lesion at the caudal aspect of the femoral neck and peri-
trochanteric region, suggesting extra-articular extension.
Hemorrhage and edematous change was also evident in the
peri-trochanteric region.

Open biopsy using a posterior approach was performed.
Histopathological examination revealed synovium with
fibroconnective tissue but without obvious tumor tissue in
the sample. The results of bacterial cultures of the synovial
tissue samples were negative.

Under the working diagnosis of pathological fracture
caused by fibrous and synovial proliferation of an unknown
cause, we performed internal fixation with the Hansson
Twin Hook system and implanted a bone graft.

The follow-up plain radiograph showed osteolytic
changes in the femoral neck. At 10 months after surgery,
nonunion pseudoarthrosis at the fracture site resulted in
screw breakage and implant failure (Fig. 5).

We performed revision surgery for femoral head resec-
tion and plate fixation of the greater trochanter. The frac-
ture site was covered with fibrous and synovial tissue. The
femoral head was displaced, and the cartilage of the fem-
oral head was thinned with discoloration and ulcerations
(Fig. 6).

Synovium with connective tissue around the fracture site
was surgically excised and specimens were submitted for
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Fig. 4 Coronal T1-weighted image (400/15) showed an intermediate
signal intensity lesion surrounding the femoral neck (arrow)

Fig. 5 Plain radiograph (A-P view) 10 months after surgery. Screw
breakage and implant displacement occurred. The femoral head and
greater trochanter were displaced

histopathological examination, together with the femoral
head.

Macroscopically, the resected fermoral head showed
marked deformity with an irregular articular surface
exhibiting eburnation and fibrillation. Avascular osteo-
necrosis was observed at the cut surface of the specimen.

Fig. 6 Image of the excised femoral head. A deformed femoral head
is seen with an irregular surface of articular cartilage. Subchondral
trabecular bone and medullary bone were replaced with fibrous tissue

Fig. 7 A high-power view of the lesion. Vascular proliferation was
seen in the lesion. The sizes of the vascular spaces containing red
blood cells varied. The vascular calibers ranged from small to
moderate

Histologically, subchondral osteonecrosis of trabecular
bone with medullary fibrosis was evident.

In the histological examination of the synovium with
connective tissue around the fracture site, the proliferation
of capillary vessels of various sizes were observed, with
focal hemorrhage and hemosiderin deposition, which dif-
fusely involved the synovimm and adjacent connective
tissue (Figs. 7, 8).

Based on the aforementioned findings, a pathological
diagnosis of synovial hemangioma was made.

After 3 years of follow-up, no recurrence was detected
(Fig. 9).

The functional results for the patient were evaluated by
the Enneking score system [10].

The total score was 16/30 and the rating was 53.3%
(pain 5, function 1, emotional acceptance 3, supports 1,
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Fig. 8§ Hemangioma involving the intertrabecular space. Vascular
proliferation around the necrotic trabecular bone was seen

Fig. 9 Plain radiograph (A-P view) 3 years after revision surgery.
The femoral head was resected, and the greater trochanter was united

walking 5, gait 1), We are planning hip reconstruction
surgery using the Ilizarov method or total hip replacement

in the future.
The patient and his family allowed us to submit his data

for publication.

Discussion

Preoperative diagnosis of synovial hemangioma of the
knee is very difficult {5, 11-13]. The differential diagnosis
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of synovial hemangioma includes pigmented villonodular
synovitis (PVNS), synovial osteochondromatosis, hemo-
philic arthropathy, and joint infection (cf. tuberculosis,
Lyme arthritis) [4, 5, 13]. In many cases, MR imaging
findings aid in establishing a differential diagnosis of
synovial hemangioma; an intra-articular lobulated mass of
intermediate signal intensity on T1-weighted images and
hyperintense regions on T2-weighted images are indicative
of synovial hemangioma [1, 3, 4, 14, 15].

In the present case, pressure erosion was clearly
observed on plain radiograph and CT scan. Although this
finding strongly suggested the existence of an extraskeletal
mass lesion, we did not find specific signals from synovial
hemangioma in the intra-articular mass on MR images. A
preoperative diagnosis could not be established based on
imaging and histopathological findings.

Due to the anatomical characteristics of the hip joint, it
is often difficult to obtain adequate tissue samples for
histopathological examination. If an intra-articular mass
lesion is evident on MR images, CT-guided biopsy can be
performed to establish the pathological diagnosis. If a small
lesion is detected on CT or MR images, arthroscopy can be
an alternative diagnostic tool [7].

A high level of suspicion is a prerequisite for diagnosing
synovial hemangioma of the hip, because this condition is
very rare and it is difficult to obtain adequate tissue
samples.

Synovial hemangioma of the knee may lead to pro-
gressive joint destruction due to repeated bleeding, which
is also observed in hemophilia {2, 8]. In some cases of
synovial hemangioma of the knee, destructive changes in
the adjacent femur have been reported [1, 3, 4, 9]. The
aggressive growth of the tumor leads to the destruction of
juxta-articular structures [3, 4, 16]. There have been no
reports of synovial hemangioma with severe bone
destruction resulting in pathological fracture.

In the present case, a pre-existing synovial hemangioma
extended around the femoral neck and intertrochanteric
region, which weakened the structure of the femur and
resulted in pathological femoral neck fracture and avas-
cular necrosis of the femoral head. Because the joint cavity
of the hip is narrow and small, intra-articular synovial
hemangioma can erode the femoral neck and easily extend
into extra-articular soft tissue, Therefore, synovial hem-
angioma of the hip joint can cause more severe compli-
cations than synovial hemangioma of the knee joint.

Conclusion
Synovial hemangioma of the hip joint is a very rare con-

dition that can extend into extra-articular structures and
cause pathological fracture of the femoral neck.
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Endoscopic Surgery for Young Athletes
With Symptomatic Unicameral Bone Cyst of
the Calcaneus

Ken Innami,*’ MD, Masato Takao,’ MD, Wataru Miyamoto,’ MD, Satoshi Abe, MD,
Hideaki Nishi,¥ MD, and Takashi Matsushita,” MD
Investigation performed at Teikyo University, Iltabashi, Japan

Background: Open curettage with bone graft has been the traditional surgical treatment for symptomatic unicameral calcaneal
bone cyst. Endoscopic procedures have recently provided less invasive techniques with shorter postoperative morbidity.

Hypothesis: The authors’ endoscopic procedure is effective for young athletes with symptomatic calcaneal bone cyst.

Study Design: Case series; Level of evidence, 4.

Methods: Of 16 young athletes with symptomatic calcaneal bone cyst, 13 underwent endoscopic curettage and percutaneous
injection of bone substitute under the new method. Three patients were excluded because of short-term follow-up, less than
24 months. For the remaining 10 patients, with a mean preoperative 3-dimensional size of 23 X 31 X 35 mm as calculated by
computed tomography, clinical evaluation was made with the American Orthopaedic Foot and Ankle Society Ankle-Hindfoot
Scale just before surgery and at the most recent follow-up (mean, 36.2 months; range, 24-61 months), and radiologic assessment
was performed at the most recent follow-up, to discover any recurrence or pathologic fracture. Furthermore, the 10 patients—
all of whom returned to sports activities—were asked how long it took to return to initial sports activity level after surgery.

Results: Mean ankle-hindfoot scale score improved from preoperative 78.7 + 4.7 points (range, 74-87) to postoperative 98.0 *
4.2 points (range, 90-100) (P < .001). Pain and functional scores significantly improved after surgery (P < .01 and P < .05, respec-
tively). Radiologic assessment at most recent follow-up revealed no recurrence or pathologic fracture, with retention of injected
calcium phosphate cement in all cases. All patients could return to their initial levels of sports activities within 8 weeks after sur-
gery (mean period, 7.1 weeks; range, 4-8 weeks), which was quite early as compared with past reports.

Conclusion: Endoscopic curettage and injection of bone substitute appears to be an excellent option for young athietes with
symptomatic calcaneal bone cyst for early return to sports activities, because it has the possibility to minimize the risk of post-
operative pathologic fracture and local recurrence after early return to initial level of sports activities.

Keywords: calcaneal cyst; endoscopic surgery; bone substitute; percutaneous injection

Unicameral bone cyst, which is a benign fluid-filled lesion, is rare, and only a few such cases have been reported.”?423
oceurs most commonly in long bones, such as the humerus Therefore, there is still controversy about how to deal with
and femur, and its occurrence in the calcaneus is relatively unicameral bone cyst of the calcaneus. Most surgeons
rare 233035 Although about 60% of patients with calcaneal agree about the need for surgical intervention for cases
bone cyst complain of pain in the heel or foot and ankle, with persistent pain or a risk of impending or pathologic
some patients are asymptomatic and are identified radio- fracture. 12232730 Fyrthermore, some reports have sup-
logically as an incidental finding.** Unlike with cysts of ported surgical intervention for cases with high occupa-
long bone, pathologic fracture due to calcaneal bone cyst tional or sports activities for fear of pathologic fracture of

this weightbearing bone.?® Traditionally, open curettage
with bone graft has been the main procedure for unicam-
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Figure 1. Radiologic examination for diagnosis. Plain radiograph (A) and computed tomography (B) showing cystic lesion in the
calcaneus. Sagittal T1-weighted magnetic resonance image (C) showing a hypointense mass and T2-weighted image (D) showing

a hyperintense mass, which is brighter than fat tissue.

have confirmed the inefficiency of this procedure for calca-
neal bone cyst.'?¢ Although other less invasive surgeries
have been indicated for calcaneal bone cyst with good
prognosis—namely, multiple drilling and/or continuous
decompression using a cannulated screw,"?” as well as
minimal or endoscopic curettage and injection of bone sub-
stitute®®192228_no study bas determined whether these
surgical methods have brought about early return to sports
activities for young athletes with symptomatic calcaneal
bone cyst. The purpose of this study was to evaluate the
feasibility, effectiveness, and clinical outcome of our less
invasive procedure for young athletes with symptomatic
calcaneal bone cyst.

MATERIALS AND METHODS

Between January 2003 and February 2010, 16 young ath-
letes with unicameral bone cyst of the calcaneus were fol-
lowed at our institution. All patients were introduced to
us by their practitioners because of heel pain that pre-
vented them from participating in their sports activities
for a few months; there was no case of incidental discovery
without symptom. The diagnosis of unicameral bone cyst
was made by plain radiographs, computed tomography,
and magnetic resonance imaging in all patients (Figure 1)
and confirmed by histologic examination for patients who
underwent our surgical procedure. Our indication for

D i from ajs.

surgical intervention was (1) persistent heel pain that dis-
turbed patients’ daily activity or sports activity and did not
respond to nonoperative therapy, including sports restric-
tion, heel support, and partial or nonweightbearing with
crutches during 6 months, or (2) a risk of impending frac-
ture, which we defined according to Fidler’s study,” as
destruction of the cortical wall by more than 50% of its
thickness by extension of the large cyst, which could be
confirmed by radiologic assessment and supposed as
a cause of persistent pain. Three patients with small cysts
responded to nonoperative therapy and were not included
in this study. Thirteen patients were treated surgically
by means of endoscopic curettage and percutaneous
injection of calcium phosphate cement by a senior surgeon;
however, 3 of these patients were excluded from this study
because of short-term follow-up, less than 24 months,
after surgery. As a result, the remaining 10 patients
were included in the study, with a mean preoperative
3-dimensional size of 23 X 31 X 35 mm at the position of
neutral triangle as calculated by computed tomography.
No case with pathologic fracture had been clearly revealed
by preoperative radiologic examination. The right hindfoot
was affected in 6 patients and the left hindfoot in 4
patients, and there was no case of bilateral involvement.
There were 7 male and 3 female patients, with an average
age of 18.7 years (range, 16-24 years). All patients had
engaged in sports activity before occurrence of symptoms,
and all strongly desired to return to their sports activity
without pain (Table 1).
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TABLE 1
Descriptive Data of 10 Patients

No. Sex Age,y Follow-Up; mos Affected Side Sport Return to Sport, wks
1 Male 16 51 Right Sprints 8
2 Male 23 39 Left Marathon 8
3 Male 21 30 Right Marathon 8
4 Male 16 40 Right Basketball 6
5 Male 18 32 Left Soccer 8
8 Male 17 24 Right Socecer 4
7 Female 24 30 Left Basketball 6
8 Male 17 48 Left Soccer 8
9 Female 18 32 Right Sprints 8
10 Female 17 36 Right Badminton 7
Mean 18.7 36.2 7.1

Figure 2. The configuration of the calcaneal bone cyst is
marked on the lateral aspect of the hindfoot.

Surgical Technique

Surgery was conducted under lumbar spinal anesthesia
with the patient in the lateral position and with no appli-
cation of a pneumatic tourniquet. First, the configuration
of the calcaneal bone cyst was confirmed under image
intensifier and marked on the lateral aspect of the hindfoot
(Figure 2). Two guide wires were inserted at 2 points—the
most anterior and posterior points of the oval-like, marked
configuration of the cyst, in the direction toward the center
of the cyst—and 2 small portals were made at each inser-
tional point of the guide wires. The lateral calcaneal wall
was fenestrated via 2 portals by means of a cannulated
drill with a diameter of 5 mm (Figure 3). Next, a 2.7-mm
arthroscope was inserted via the posterior portal (Figure 4),
and aspirated cyst fluid via the anterior portal was sent for
bacterial and fungus culture. After a detailed inspection of

D from ajs

Figure 3. Fenestration of the lateral wall by means of a can-
nulated drill with a 5-mm diameter.

Figure 4. Insertion of the arthroscope and forceps via 2
portals.
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Figure 5. Endoscopic view showing the inner bony septum in
the cyst (A) and cavity after resection of the bony septum (B).

the structure in the cyst via the 2 portals and biopsy sample
for histologic examination, resection of the inner bony sep-
tum was performed to diminish the endoscopic blind area,
using a small suction shaver and an abrader (Figure 5).
Under the resulting optimal endoscopic visualization, curet-
tage of fibrous inner surface was performed circumferen-
tially using a small curette through either of the 2 portals.
Special care was taken at the wall, with cortical thinning
to prevent iatrogenic fracture. Sufficient curettage of
the inner surface was then confirmed endoscopically
(Figure 8). After irrigation, calcium phosphate cement (Bio-
pex, Mitsubishi Pharma Corp, Osaka, Japan) was injected
percutaneously via either of the 2 portals under image
intensifier. Before this procedure, we injected saline into

The American Journal of Sports Medicine

Figure 6. Endoscopic view after curettage of the inner surface
of the calcaneal cyst. Healthy bone marrow was exposed.

each cyst to measure each capacity, and we decided on an
injective volume of calcium phosphate cement 1 ml less
than each measured capacity to avoid leakage of the substi-
tute. Postoperatively, a small compressive dressing was
applied, and partial weightbearing was allowed the follow-
ing day. At 1 week after surgery, full weightbearing and jog-
ging were allowed, and running was allowed at the next
week, after the check of gait posture, which was not antalgic
and abnormal. Return to the initial sports was allowed at 3
weeks after surgery, and patients joined in sports activities
in accordance with their ability to participate.

Evaluation

The clinical results of all patients were assessed by com-
paring the American Orthopaedic Foot and Ankle Society
Ankle-Hindfoot Scale scores!” before surgery and at the
most recent follow-up. Radiologic assessment was based
on serial lateral and axial radiographs at the most recent
follow-up, as conducted by an orthopaedic surgeon who
did not join in the treatment, to reveal whether there
was recurrence or pathologic fracture. Furthermore, all
patients were asked how long it took to return to their
full sports activities after surgery, when they were seen
for routine postoperative clinical assessment.

Statistical Analysis

Statistical analysis of the data correlating with the clinical
results was done using Wilcoxon signed-rank test, and differ-
ences were considered statistically significant when P < .05.
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Figure 7. Lateral (A) and axial (B) radiographs of patient No. 4 at 40 months after surgery, showing neither pathologic fracture nor

recurrence.

TABLE 2
Clinical Outcome of 10 Patients

Max Preoperative Final Follow-Up P

AOFAS? 100 78.7 = 4.7 98.0 = 4.2 .001
Pain 40 22.0 = 4.2 39.0 = 3.2 .01
Function 50 458 = 1.5 49.1 = 14 .05

“American Orthopaedic Foot and Ankle Society Ankle-Hindfoot
Scale score.

RESULTS

The mean follow-up period after surgery was 36.2 months
(range, 24-51 months). The mean ankle-hindfoot scale
score improved from a preoperative 78.7 * 4.7 points
(range, 74-87) to a postoperative 98.0 = 4.2 points (range,
90-100) (P < .001). In detail, pain and functional scores sig-
nificantly improved after surgical intervention (P < .01
and P < .05, respectively) (Table 2). Radiologic assessment
at the most recent follow-up revealed no recurrence or
pathologic fracture in any patient (Figure 7). There was
no complication of surgery, such as infection, delayed
wound healing, or sural nerve injury. All patients could
return to their initial levels of sports activities within 8
weeks after surgery (mean, 7.1 weeks; range, 4-8 weeks)
(Table 1).

DISCUSSION

Although good results have been reported with such con-
ventional surgical management as open curettage and
autologous bone graft for the treatment of symptomatic
unicameral bone cyst of the calcaneus,'??%%30 thig
method necessitates an invasive procedure, including large
lateral cortical fenestration to achieve good visualization of
the lesion, which would be accompanied by long-term mor-
bidity. This method further requires harvesting of autolo-
gous iliac crest bone, which has the advantage of the
superior nature of osteoinductive and osteoconductive
activity but includes the disadvantages of donor site pain
and other risks for the long term.'® To avoid these problems,
less invasive techniques have been developed.b#5:19:22.26.27
Recent reports have shown good prognosis and the efficacy
of continuous decompression using cannulated screw for cal-
caneal bone cyst.*" This technique is reasonable because
one of the main hypothesized causes of unicameral bone
cyst is accumulation of interstitial fluid within the bone
due to venous obstruction and blockage.®'' Abdel-Wanis
et al' reported good clinical results with this procedure,
with no recurrence or complications among 12 patients. Spe-
cifically, they allowed patients to start partial weightbear-
ing with crutches at 3 fo 4 weeks after surgery, although
they did not offer further information, such as when
patients returned to daily activities or sports. Saraph
et al®” described 8 children with 9 unicameral calcaneal
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bone cysts who were treated by this procedure, and they
reported radiographic assessment, with complete healing of
8 cysts and with residuals in 1 cyst. But their study included
no detailed information about postoperative protocol.
Although this technique can remove one of the main hypoth-
esized causes, there has been no evidence about how much
time is required to achieve sufficient structural support of
the calcaneus to tolerate sports activity after the procedure.
As another less invasive technique, minimal curettage and
injection of some type of bone substitute has been per-
formed 28192226 Rouoraff and Kling®® applied trephination
and percutaneous injection of demineralized bone matrix
with autogenous bone marrow for treatment of unicameral
bone cyst. In their study, only 1 of 23 patients had an active
bone cyst in the calcaneus, and the majority had a cyst in the
humerus or femur. Furthermore, their study showed 7
patients with incomplete healing after surgery and 5 who
needed a second injection because of recurrence of the cyst.
Park et al?? performed percutaneous injection of demineral-
ized bone powder with autogenous bone marrow in the man-
agement of 9 patients with calcaneal cysts. They allowed full
weightbearing without support within 1 week after surgery,
but there was no further information about when their
patients returned to normal or daily activities. Although
none of the patients in that study had heel pain at the end
of treatment, 5 of 10 cysts were defined as having a residual
defect. These methods were accompanied either by no curet-
tage or by indirect curettage of the inner surface without
removal of bony septum under fluoroscopic control, which
may correlate with an inaccurate radiological outcome.?*?

Endoscopic curettage of calcaneal benign lesions has
recently been introduced as an effective and feasible tech-
nique,>1%%2! gimilar to the indication of endoscopic curettage
for benign lesions of other locations, such as the humerus®
and the femur.?>® Mainard and Galois'® reported the first
case of the treatment of a solitary calcaneal cyst by means
of endoscopic curettage and percutaneous injection of calcium
phosphate cement, with a successful outcome. They intro-
duced the characteristic of their procedure as provision of
optimal visualization, ensuring complete curettage, with
the advantage of a small incision, minimal blood loss, and
a limited dissection. Futani et al’® reported successful surgi-
cal results of endoscopically assisted tumor resection of a case
with bilateral calcaneal intraosseous lipomas. They stated
that this approach had the advantage of avoiding the risk
of postoperative pathologic fracture, given that the small
bony fenestration could preserve the stiffness and strength
of the affected bone. We hypothesized that optimal visualiza-
tion—which makes it possible to achieve complete curettage
with minimum violation of the structural integrity of the cal-
caneal wall by means of endoscopic technique—and percuta-
neous injection of bone substitute, instead of autologous iliac
crest bone grafting, would permit early return to sports activ-
ities for young athletes who suffer from symptomatic calca-
neal bone cyst, without any postoperative complication.

To avoid donor site morbidity, several graft options have
been developed, and satisfactory results have been reported
as compared with autologous bone grafting.”%%223:25 e
selected calcium phosphate cement as a bone substitute for
our surgery because of its favorable handling properties
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with an endoscopic procedure such as injectability and
because of its ability to complete contoured filling of the cav-
ity. Calcium phosphate cement was introduced into dental
surgery in the early 1980s, and it has been brought into
orthopaedic surgery during the past decade.’® Especially in
orthopaedic surgery, the indication of its use has ranged
from filling of metaphyseal fracture void® to filling of defect
after curettage for benign tumors.’® In contrast with poly-
methylmethacrylate, which cannot remodel into bone, ani-
mal studies have shown that calcium phosphate cement is
gradually remodeled in a manner that is qualitatively similar
to normal bone remodeling.’® Furthermore, that the radio-
graphic appearance at the most recent follow-up in our study
showed retention of injected calcium phosphate cement in all
10 patients is not surprising, because change in the radio-
graph is not usually visible until a substantial part of the
material has been replaced by bone.'® Concerning use of
this material in young patients, Thawrani et al®® reported
good clinical results of unicameral cysts treated by a single
percutaneous injection of calcium phosphate cement for 13
patients with mean age of 10.5 years (younger than our 10
patients; mean age, 18.7 years) and with a mean follow-up
of 35.8 months. Note that none of our 10 patients had open
physes during their surgery. These findings enabled us to
indicate this procedure to young athletes in this study. As
a rare complication, soft tissue necrosis has been reported
in only one case following use of calcium phosphate cement
in calcaneal bone cyst.?* The supposed cause was reportedly
leakage of the substitute into soft tissue owing to instrument
error, no penetration of the injection needle, or a setting time
error of the substitute—all of which are amply avoidable by
careful technique. As a device to avoid leakage, we injected
saline into each cyst to measure each capacity before the pro-
cedure, and we decided on an injective volume of calcium
phosphate cement 1 mL less than each measured capacity.
In our study, no patient had any complication after applica-
tion of calcium phosphate cement.

There are, however, several limitations in the present
study. First, it was a retrospective case series without con-
trol cases. Second, we could not make an exact comparison
of the surgical results with other surgical methods. Finally,
the sample number was limited. Randomized controlled
study with a large sample number will be necessary in
the future. To our knowledge, this study is the first of endo-
scopic curettage and injection of calcium phosphate cement
for young athletes with symptomatic unicameral bone cyst
of the calcaneus reporting the functional results of ankle
and foot in detail and the largest sample number. From
our successful results with young athletes, endoscopic
curettage and injection of calcium phosphate cement has
a possibility to become a superlative option for young ath-
letes who suffer from symptomatic calcaneal bone cyst and
who desire an early return to their sports activities.

CONCLUSION

We conclude that endoscopic curettage and percutaneous
injection of calcium phosphate cement is a useful treat-
ment for young athletes with symptomatic unicameral cal-
caneal bone cyst.
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