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Abstract

Trauma

Background: Simple bone cysts (SBC) have been documented to occur in adults with closed physeal plates, most
commonly affecting the calcaneus in this patient subset. Although most authors theorize an association to trauma,
etiology of simple bone cysts remains an enigma up to now.

Case presentation: A 26-year-old kickboxing coach sought consult for a painful right shoulder which on
radiographs and magnetic resonance (MR) imaging showed a proximal humeral lesion with signs of ossification.
The patient was lost to follow-up but again sought consult after 3 years for the recurring complaint. On repeat
radiographs, computed tomography (CT) scan, and MR images, tumor enlargement with cystic findings typical of
simple bone cyst were documented. Diagnostic aspiration of the lesion was firstly done, revealing straw-colored
fluid. The patient then underwent intralesional curettage with alpha-tricalcium phosphate cement reconstruction of
the lytic defect. No perioperative complications were incurred, and on latest follow-up at 3 years postoperatively,
Musculoskeletal Tumor Society (MSTS) and visual analog scale (VAS) pain scores were 30/30 and 0/10, respectively.

Conclusions: The authors believe their report provides support to a possible association to trauma of simple bone
cysts occurring in the adult population with closed physes and suggest this subset of patients may require a
different treatment approach from that for juvenile simple bone cysts.
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Background

The etiology of simple bone cyst (SBC) remains incon-
clusive [1], although the lesion seems to be dysplastic or
reactive rather than a true tumor [2]. Theories being
proposed include local disturbances in bone growth [3],
pressure effects due to blocked fluid drainage [4], local
venous obstruction [5], nitric oxide [6], increased lyso-
somal enzyme activity [7], prostaglandins [8], oxygen
free radicals [9], disorders of synovial origin [10], and
genetic causes [11]. Cases of SBC following trauma have
been observed, theorized to be forming consequently
from intraosseous hemorrhage when mechanisms of
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bone organization and repair fail [12, 13]. The latter are
an entity separate from the unconventionally described
pseudocyst forming in periprosthetic tissues or following
a fracture or minor trauma [14], which histologically re-
sembles a synovial cyst with synovium-like lining with or
without a single-layered epithelium [15]. The enigma an-
swers why different methods of treatment have been re-
ported to resolve the disease, all of which remain
controversial [1, 16].

Huch et al. mentioned the term “solitary bone cyst” to
connote a SBC occurring in an adult, as opposed to
“juvenile bone cyst” that occurs in the young population
[17]. This must be remarkable, for SBC is described to be
a lesion occurring in the first two decades of life [18—20]
and graded as active or latent depending on the distance
of the lesion to the physeal plate [21]. The recognition that
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SBC can occur in the adult [15, 17, 22], which is atyp-
ical, may possibly indicate a different pathogenesis.
More so, the observation that most adult patients have
calcaneally located SBC [22] lends the suggestion that
in this subset of patients, association to trauma could
be the likely etiology. The calcaneus endures concentra-
tion of forces through the heel, possibly developing
intraosseous hematoma that subsequently liquefies to
become SBC [23].

We hereby report a case of a solitary medullary lesion
in the proximal humerus of a 26-year-old kickboxing
coach, with signs of ossification on radiographs that,
after 3 years, has atypically possessed radiological fea-
tures of a SBC. SBC mainly involves the long bones es-
pecially the proximal humerus, accounting for about
51% of cases, and the most recurrences following abla-
tion [24]. Although proximal humeral SBC seems to be
common, the peculiarity of our case lies in its unusual
clinical presentation, which, to the best of our know-
ledge, has no similar reports in the literature. We believe
this report may add basis to suggest that in adults, and
separate from younger patients, SBC presents a “trauma-
hemorrhage” etiopathogenesis.

Case presentation

A 26-year-old male with unremarkable past medical, fam-
ily, and psychosocial history sought consult for a painful
right shoulder at the previous hospital. Plain radiographs
revealed a medullary sclerotic lesion in the right proximal
humerus with foci of calcifications (Fig. 1a). On magnetic
resonance (MR) imaging, the lesion showed primarily low
to intermediate signal intensities with some small foci of
high signal intensity on T1-weighted (Fig. 2a, c) and T2
fat-suppressed (Fig. 2e) sequences and primarily high sig-
nal intensities with some streaks of low signal intensity on
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T2-weighted (Fig. 2b, d) and contrast-enhanced (Fig. 2f)
sequences. The patient was advised watchful observation
of the lesion; however, the patient was eventually lost to
follow-up.

After 3 years, the patient sought consults at the au-
thors’” hospital, again for pain on his right shoulder. He
admitted to sustaining hits to his right arm and shoulder
during sparring, although other alleged information
when he was lost to follow-up were unremarkable. Lim-
ited range of motion was observed, although no signs of
deformity or inflammation were noted on the right
shoulder. Plain radiographs revealed the lesion had en-
larged, transforming to a well-defined, geographic, radio-
lucent lesion with endosteal thinning but no periosteal
reaction (Fig. 1b). No fracture was detected on com-
puted tomography (CT) scan. MR images showed a
homogenous low signal intensity lesion on T1-weighted
(Fig. 3a, ¢) and contrast-enhanced sequences (Fig. 3f),
but a high signal intensity one on T2-weighted se-
quences (Fig. 3b, d, e). This lesion was diagnosed as sim-
ple bone cyst from the imaging studies.

At the operating room, with the patient’s informed con-
sent, the authors performed diagnostic aspiration of the
lesion before the surgical incision, revealing straw-colored
fluid and thereby confirming a working diagnosis of sim-
ple bone cyst. The authors proceeded with thorough intra-
lesional curettage of the lesion, sampling of curetted tissue
for final histopathological analysis, and reconstruction of
the lytic defect (Fig. 1c) using alpha-tricalcium phosphate
filling paste (Biopex, HOYA Technosurgical Co., Ltd.,
Tokyo, Japan). Final histopathological examination re-
vealed “amorphous” pink fibrinoid substance typical of a
simple bone cyst (Fig. 4).

Postoperatively, the patient had full active range of
shoulder motion on the affected side by the first

Fig. 1 a—c AP views of the right shoulder. a initial presentation, showing a sclerotic medullary lesion in the proximal humerus with foci of
calcifications. b At 3 years later, showing enlargement of the tumor with endosteal thinning and lucent Iytic changes typical of simple bone cyst. c
After intralesional curettage and reconstruction of the lytic defect using Biopex
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Fig. 2 a-f MRI scans of the right shoulder at initial presentation. T1-weighted coronal (a), T1-weighted transverse (c), and T2-weighted fat-
suppressed (e) images of the proximal humeral lesion showing primarily low to intermediate signal intensities with some small foci of high signal
intensity. T2-weighted coronal (b), T2-weighted transverse (d), and with gadolinium contrast (f) images of the proximal humeral lesion showing
primarily high signal intensities with some streaks of low signal intensity

week, with no wound complications or infection. Discussion

Follow-up radiographs showed no progression of the SBC is a benign lesion that mostly affects children and
lesion. Latest follow-up at 3 years postoperatively re- adolescents and represents about 3% of primary tumors
vealed Musculoskeletal Tumor Society (MSTS) and in the first two decades of life [18—20]. It is also known
visual analog scale (VAS) pain scores of 30/30 and as solitary, unicameral, or traumatic bone cyst and,
0/10, respectively. radiographically, is seen as a mildly expansile, lytic thin-

Fig. 3 a—f MRI scans of the right shoulder at 3 years after initial presentation. T1-weighted coronal (a), T1-weighted transverse (c), and with gadolinium
contrast (f) images of the proximal humeral lesion showing a homogenous low signal intensity. T2-weighted coronal (b), transverse (d), and fat-
suppressed (e) images of the proximal humeral lesion showing a homogenous high signal intensity
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Fig. 4 Final histopathological slide (hematoxylin and eosin stain;
scale bar =200 um) showing clusters of the “amorphous” pink
fibrinoid substance typical of a simple bone cyst, with scattered
fibroblasts, fragments of bone tissue, and hemosiderin deposits

walled bone lesion without periosteal reaction [20]. The
typical location is in the metaphysis adjacent to the
growth plate of the tubular bones, mostly the proximal
humerus and femur [20]. Based on the distance be-
tween the lesion and the physis, SBC is classified as in
active phase when the distance is less than 5 mm and
latent when larger than 5 mm [21]. Other locations of
this lesion may include the pelvis, ribs, vertebrae, and
the tarsal bones, especially the calcaneus. Several theor-
ies have been postulated to explain the etiology of SBC
including trauma and inflammation, but none has been
conclusive [1-13].

It is important to note that in the above case, the le-
sion and its accompanying symptoms were documented
in the proximal humerus of a 26-year-old kickboxing
coach. The lesion occurred at an age past physeal plate
closure and in a location most likely hit many times with
“kicks” from sparring sessions during training. Present-
ing during the third decade of life, the simple bone cyst
documented in this report is definitely atypical. And
what is interesting is, 3 years prior to its formation, a
different radiographic picture of the same lesion was
apparent.

Major differential diagnoses for a similarly located le-
sion in a young adult include aneurysmal bone cyst,
monostotic fibrous dysplasia, enchondroma, and eosino-
philic granuloma [25, 26]. All of these lesions may be
radiolucent on plain x-rays. However, clinical features
typically associated with each of these lesions help differ-
entiate these other diagnoses from SBC [27].

SBC arising from healed or healing fractures have been
reported in the literature [14, 28] and described to affect
a wider age group that included adults [15, 28]. Also,
calcaneal SBC has been observed similarly [22]. Re-
peated micro-stresses are inherent to the calcaneus’s role
of bearing weight, and so the “trauma-hemorrhage the-
ory” suits well even with calcaneal SBC. SBC of the jaw,
a rare variant of SBC [29], has been postulated to de-
velop from multiple micro-traumas undergone by the
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teeth and alveolar processes [30]. Despite the myriad of
theories presented in literature, SBC etiology is not clear
enough. Harnet et al. [13], in their review of prevailing
etiopathogenetic hypotheses for SBC, have found the
“trauma-hemorrhage” theory the most widely accepted
by authors. But some have questioned this mechanism,
observing there is no history of trauma in more than
50% of cases reported, and postulated a multifactorial
etiology instead [13, 31].

Neutrophils are the primary immune cells involved in
acute inflammatory responses to trauma [32], acting as
major sources of prostaglandin E2 (PGE2) [33].
Interleukin-1 (IL-1) has been demonstrated in vitro to
induce osteoclast formation by a mechanism involving
PGE2 [34, 35]. With biochemical analyses of SBC fluid
having demonstrated increased levels of PGE2 [8, 36],
IL-1 [36], proteolytic enzymes [7, 36], and acid phos-
phatase [37], we can now possibly link trauma-induced
inflammation with SBC developing from an increased
osteoclast activity. Having demonstrated the promotion
of osteoblastic growth and differentiation with SBC fluid,
Aarvold et al. proposed a receptor activator of nuclear
factor kappa-B ligand (RANKL) signaling mechanism for
the osteoclastogenesis [38], supporting an earlier study
observing direct interaction between osteoclast progeni-
tors and osteoblastic cells in the osteoclast recruitment
induced by IL-1 [34].

The authors, from their experience in this report and re-
view of the literature, hypothesize that a different etio-
pathogenesis could be serving as the basis for SBC
formation in the adult bone, particularly a “trauma-associ-
ated” one. Peculiar to this report is the radiologic docu-
mentation of the precedent lesion 3 years prior to the
apparent SBC formation. The initial radiographic features
could actually be the picture of a posttraumatic medullary
hematoma that subsequently liquefied later on to appear
as a cyst 3 years later. This hypothesis by the authors also
implies that a separate treatment approach may be needed
for the adult-onset SBC. General treatment options re-
ported in the literature include curettage in combination
with autologous or allogenic grafting, the use of bone
substitutes, autologous bone marrow injection, and nu-
merous methods of cyst decompression including the use
of cannulated screws or a cannulated hydroxyapatite pin
[39-43]. The lack of a clear pathoetiology has impeded
the development of a standard of care for solitary bone
cysts amidst the numerous treatment strategies reported
[1, 16, 40, 44]. With supporting evidence for a “trauma-
hemorrhage” theory underlying SBC formation in the
adult bone, surgical strategies, whenever necessary [1],
may possibly be “downstaged” to minimally invasive ones,
like prophylactic closed intramedullary nailing or bridge
plating techniques for the diaphyseal lesion in a long bone
or percutaneous reconstruction with grafts or bone
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substitutes as reported by some authors [42, 44, 45]. This
is because, as illustrated by the theory, the traumatic cyst
forms from a reactive process creating a defect [13] and
not the “formation” process by an active epithelium lining
[6]. For the adult-onset SBC, definitely when the “trauma-
hemorrhage” theory is proven correct, thorough intrale-
sional curettage may no longer be necessary.

Conclusions

The authors hereby conclude that their case provides
support to a possible association to trauma of solitary
bone cysts occurring in the adult population and suggest
this subset of patients may require a different treatment
approach from that for juvenile simple bone cysts.

Abbreviations

CT: Computerized tomography; MR: Magnetic resonance;

MSTS: Musculoskeletal Tumor Society; SBC: Simple bone cyst; VAS: Visual
analog scale

Acknowledgements

The authors would like to acknowledge the labors of Dr. Prakrit
Suwanpramote in retrieving various data from the hospital electronic
database and reproducing copies of drafts that accelerated successive
revisions of this manuscript.

Funding
No financial support was received throughout the preparation of the
manuscript.

Availability of data and materials
The datasets supporting the conclusions of this article are included within
the article.

Authors’ contributions

MSR and NY wrote the first draft of the manuscript. KH, AT, HK, SM, TH, HI,
KA, YT, HA, and HT all reviewed the manuscript and were involved in its
critical revision before submission. All authors read and approved the final
manuscript.

Competing interests
The authors declare that they have no competing interests.

Consent for publication
Consent for publication of raw data was obtained from the patient.

Ethics approval and consent to participate
This heading is not applicable.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Author details

'Department of Orthopaedic Surgery, Kanazawa University Graduate School
of Medical Sciences, 13-1 Takara-machi, Kanazawa 920-8640, Ishikawa, Japan.
’Department of Orthopaedics, East Avenue Medical Center, East Avenue,
Diliman, 1101 Quezon City, Metro Manila, Philippines.

Received: 17 February 2017 Accepted: 23 April 2017
Published online: 15 May 2017

References

1. Traub F, Eberhardt O, Fernandez FF, et al. Solitary bone cyst: a comparison
of treatment options with special reference to their long-term outcome.
BMC Musculoskelet Disord. 2016;17:162.

22.

23.

24,

25.

26.

27.

28.

29.

Page 5 of 6

Mascard E, Gomez-Brouchet A, Lambot K. Bone cysts: unicameral and
aneurysmal bone cyst. Orthop Traumatol Surg Res. 2015;101:5119-127.
Weissel A, Hecht HL. Development of a unicameral bone cyst: case report. J
Bone Joint Surg Am. 1980,62:664-6.

Cohen J. Simple bone cysts: studies of cyst fluid in six cases with a theory
of pathogenesis. J Bone Joint Surg Am. 1960;42-A:609-16.

Chigira M, Maehara S, Arita S, et al. The aetiology and treatment of simple
bone cysts. J Bone Joint Surg Br. 1983;65:633-7.

Komiya S, Kawabata R, Zenmyo M, et al. Increased concentrations of nitrate
and nitrite in the cyst fluid suggesting increased nitric oxide synthesis in
solitary bone cysts. J Orthop Res. 2000;18:281-8.

Gerasimov AM, Toporova SM, Furtseva LN, et al. The role of lysosomes in the
pathogenesis of unicameral bone cysts. Clin Orthop Relat Res. 1991,266:53-63.
Shindell R, Huurman WW, Lippiello L, et al. Prostaglandin levels in
unicameral bone cysts treated by intralesional steroid injection. J Pediatr
Orthop. 1989;9:516-9.

Komiya S, Tsuzuki K, Mangham DG, et al. Oxygen scavengers in simple bone
cysts. Clin Orthop Relat Res. 1994;308:199-206.

Mirra JM, Bernard GW, Bullough PG, et al. Cementum-like bone production
in solitary bone cysts (so-called “cementoma” of long bones)—report of
three cases: electron microscopic observations supporting a synovial origin
to the simple bone cyst. Clin Orthop Relat Res. 1978;135:295-307.

Vayego SA, De Conti OJ, Varella-Garcia M. Complex cytogenetic
rearrangement in a case of unicameral bone cyst. Cancer Genet Cytogenet.
1996;86:46-9.

Lewandowski LR, Murphey MD, Potter BK. Posttraumatic cysts after pediatric
fracture. J Pediatr Orthop. 2013,33:239-43.

Harnet JC, Lombardi T, Klewansky P, et al. Solitary bone cyst of the jaws: a review
of the etiopathogenic hypotheses. J Oral Maxillofac Surg. 2008,66:2345-8.
Jensen J, Frakjeer J, Gerke O, et al. Evaluation of periprosthetic bone cysts in
patients with a Scandinavian total ankle replacement: weight-bearing
conventional digital radiographs versus weight-bearing multiplanar
reconstructed fluoroscopic imaging. AJR Am J Roentgenol. 2014;203:863.868.
Doganavsargil B, Ayhan E, Argin M, et al. Cystic bone lesions:
histopathological spectrum and diagnostic challenges. Turk Patoloji Derg.
2015;31:95-103.

Pretell-Mazzini J, Murphy RF, Kushare |, et al. Unicameral bone cysts: general
characteristics and management controversies. J Am Acad Orthop Surg.
2014;22:295-303.

Huch K, Werner M, Puhl W, et al. Calcaneal cyst: a classical simple bone
cyst? Z Orthop Ihre Grenzgeb. 2004;142:625-30 [article in German].

Boseker EH, Bickel WH, Dahlin DC. A clinicopathologic study of simple
unicameral bone cysts. Surg Gynecol Obstet. 1968;127:550-60.

Cohen J. Etiology of simple bone cyst. J Bone Joint Surg Am. 1970,52:1493-7.
Neer CS, Francis KC, Marcove RC, et al. Treatment of unicameral bone cyst: a
follow-up study of one hundred seventy-five cases. J Bone Joint Surg Am.
1966;48:731-45.

Jaffe H, Lichtenstein L. Solitary unicameral bone cyst with emphasis on the
roentgen picture: the pathologic appearance and the pathogenesis. Arch
Surg. 1942,44:1004-25.

Polat O, Saglik Y, Adiguzel HE, et al. Our clinical experience on calcaneal bone
cysts: 36 cysts in 33 patients. Arch Orthop Trauma Surg. 2009;129:1489-94.
Moreau G, Letts M. Unicameral bone cyst of the calcaneus in children. J
Pediatr Orthop. 1994;14:101-4.

Teoh KH, Watts AC, Chee YH, et al. Predictive factors for recurrence of
simple bone cyst of the proximal humerus. J Orthop Surg. 2010;18:215-9.
Campanacci M, Capanna R, Picci P. Unicameral and aneurysmal bone cysts.
Clin Orthop Relat Res. 1986;204:25-36.

Levy JC, Temple HT, Mollabashy A, et al. The causes of pain in benign
solitary enchondromas of the proximal humerus. Clin Orthop Relat Res.
2005;431:181-6.

Tahririan M, Motiffard M. Unicameral bone cyst of the proximal tibia in a
five year old girl. J Res Med Sci. 2012;17:104-7.

Moore TE, King AR, Travis RC, et al. Post-traumatic cysts and cyst-like lesions
of bone. Skeletal Radiol. 1989;18:93-7.

Flores I, Hamilton M, Zanchin-Baldissera E, et al. Simple and aneurysmal
bone cyst: aspects of jaw pseudocysts based on an experience of
Brazilian pathology service during 53 years. Med Oral Patol Oral Cir
Bucal. 2017;22:e64-69.

Velasco |, Cifuentes J, Lobos N, et al. The unusual evolution of a simple
bone cyst in the mandible. J Clin Exp Dent. 2012;4:132-135.



Rosario et al. World Journal of Surgical Oncology (2017) 15:102

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45,

Suei Y, Taguchi A, Tanimoto K. Simple bone cyst of the jaws: evaluation
of treatment outcome by review of 132 cases. J Oral Maxillofac Surg.
2007;65:918-23.

Kraft CT, Agarwal S, Ranganathan K, et al. Trauma induced heterotopic bone
formation and the role of the immune system: a review. J Trauma Acute
Care Surg. 2016;80:156-65.

Wright HL, Moots RJ, Bucknall RC, et al. Neutrophil function in inflammation
and inflammatory diseases. Rheumatology. 2010;49:1618-31.

Akatsu T, Takahashi N, Udagawa N, et al. Role of prostaglandins in
interleukin-1-induced bone resorption in mice in vitro. J Bone Miner Res.
1991,6:183-9.

Kaji H, Sugimoto T, Kanatani M, et al. Prostaglandin E2 stimulates osteoclast-
like cell formation and bone-resorbing activity via osteoblasts: role of CAMP-
dependent protein kinase. J Bone Miner Res. 1996;11:62-71.

Komiya S, Minamitani K, Sasaguri Y, et al. Simple bone cyst: treatment by
trepanation and studies on bone resorptive factors in cyst fluid with a
theory of its pathogenesis. Clin Orthop Relat Res. 1993;287:204-11.
Markovic B, Cvijetic A, Karakasevic J. Acid and alkaline phosphatase activity
in bone-cyst fluid. J Bone Joint Surg Br. 1988;70:21-8.

Aarvold A, Smith JO, Tayton ER, et al. The role of osteoblast cells in the
pathogenesis of unicameral bone cysts. J Child Orthop. 2012,6:339-46.
Chang CH, Stanton RP, Glutting J. Unicameral bone cysts treated by
injection of bone marrow or methylprednisolone. J Bone Joint Surg Br.
2002;84:407-12.

Levy DM, Gross CE, Garras DN. Treatment of unicameral bone cysts of the
calcaneus: a systematic review. J Foot Ankle Surg. 2015;54:652-6.

Pogoda P, Priemel M, Linhart W, et al. Clinical relevance of calcaneal
bone cysts: a study of 50 cysts in 47 patients. Clin Orthop Relat Res.
2004;424:202-10.

Yildirim C, Akmaz I, Sahin O, et al. Simple calcaneal bone cysts: a pilot study
comparing open versus endoscopic curettage and grafting. J Bone Joint
Surg Br. 2011,93:1626-31.

Shirai T, Tsuchiya H, Terauchi R, et al. Treatment of a simple bone cyst using
a cannulated hydroxyapatite pin. Medicine. 2015,94:¢1027.

Toepfer A, Lenze U, Gerdesmeyer L, et al. Endoscopic resection and
allografting for benign osteolytic lesions of the calcaneus. SpringerPlus.
2016;5:427.

Innami K, Takao M, Miyamoto W, et al. Endoscopic surgery for young
athletes with symptomatic unicameral bone cyst of the calcaneus. Am J
Sports Med. 2011;39:575-81.

Page 6 of 6

Submit your next manuscript to BioMed Central
and we will help you at every step:

* We accept pre-submission inquiries

e Our selector tool helps you to find the most relevant journal

* We provide round the clock customer support

e Convenient online submission

e Thorough peer review

e Inclusion in PubMed and all major indexing services

e Maximum visibility for your research

Submit your manuscript at

www.biomedcentral.com/submit () BiolMed Central




	Abstract
	Background
	Case presentation
	Conclusions

	Background
	Case presentation
	Discussion
	Conclusions
	Abbreviations
	Acknowledgements
	Funding
	Availability of data and materials
	Authors’ contributions
	Competing interests
	Consent for publication
	Ethics approval and consent to participate
	Publisher’s Note
	Author details
	References

