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Abstract Fourteen solitary bone cysts (SBC) with large 
areas of calcification (7 in the femur, 4 in the humerus, 
and 1 each in the pelvis, the tibia and the scapula) and 
402 SBC from the Hamburg Bone Tumour Registry were 
reviewed in a retrospective study. The analysis was done 
with emphasis on the clinical, radiological and histologi- 
cal appearances. SBC are well known lesions, but calci- 
fying SBC (CSBC) or extensive extragnathic cement-like 
bone productions are rare. The clinical and radiological 
differential diagnosis includes fibrous dysplasia, chon- 
droma, low-grade chondrosarcoma and osteosarcoma. 
Bits of this cement-like matrix are detectable within the 
wall of approximately 70% (278 of 402) of SBC from 
the registry. CSBC are changed SBC. The intraoperative 
confirmation of the diagnosis on a frozen section by the 
bone pathologist leads to curettage which is currently the 
most common therapy in this benign lesion. 

Key words Calcifying solitary bone cyst- Bone tumour • 
Cementoma 

Introduction 

In addition to the 12 previously reported cases of extra- 
gnathic cementomas [1, 6, 8, 11, 21], 14 calcifying soli- 
tary bone cysts (CSBC) from the Hamburg Bone Tumour 
Registry were reviewed in a retrospective study (Table 
1). These 14 cases consist of 7 cases in the femur, 4 
cases in the humerus, 1 case in the tibia, and the first 
published cases in the pelvis and in the scapula. 

M. Amling • M. Werner • M. PiSsl • G. Delling ( ~ )  
Department of Bone Pathology, University Hospital of Hamburg, 
Martinistrasse 52, D-20246 Hamburg, Germany 

R. Maas 
Department of Radiology, University Hospital of Hamburg, 
Martinistrasse 52, D-20246 Hamburg, Germany 

U. Korn 
Department of Orthopaedics, University Hospital of Hamburg, 
Martinistrasse 52, D-20246 Hamburg, Germany 

In 1969 Friedman and Goldman [6] studied two ce- 
mentomas of long bones and described these as a new tu- 
mour entity. In 1978 Mirra et al. [11] suggested their own 
three cases to be an uncommon form of a SBC, with ce- 
mentum-like material. In 1982 Horn et al. [8] attempted to 
disproved this; they considered their own two cases to be 
cementoma-like bone fibromas and a tree tumour entity. 

There is no unique histological classification and the 
differentiation of CSBC from malignant bone tumours is 
of great importance for clinical treatment. The aim of 
this study is to show, on the background of 402 SBC of 
the Hamburg Bone Tumour Registry, why we concur 
with Mirra and consider cementomas to be changed SBC 
and why we prefer the term CSBC. The consequences 
for diagnosis and treatment will be discussed. 

Materials and methods 

Fourteen cases of CSBC were reviewed in a retrospective study. 
The histological characteristics were compared with the radiologi- 
cal findings. The patients were comprised 3 women and 11 men, 
aged between 7 and 57 years (diagnosis was confirmed at an aver- 
age age of 37 years). Diagnosis of 11 cases was obtained from 
consultatory work of the Bone Tumour Registry and 3 cases from 
material of the University Hospital Hamburg-Eppendorf. These 
cases were compared with the 402 histologically proven SBC (162 
women, 240 men; aged between 2 and 77 years, average age 26 
years) from the Hamburg Bone Tumour Registry. The histological 
characterization was done on undecalcified material, embedded in 
methylmethacrylate, as well as conventional decalcified material 
embedded in paraffin. Histological evaluation was made with stan- 
dard stainings (yon Kossa, Goldner, Giemsa, toluidin blue, Movat, 
Berlin blue reaction). Immunohistological evaluation was per- 
formed on paraffin embedded material with the alkaline phospha- 
tase-antialkaline phosphatase-technique according to Cordell et al. 
[5]. Histological and radiographical findings were compiled for 
each patient by each participant and were forwarded to one of us 
(G.D.) for compilation and analysis. 
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Table 1 Localization and distribution of the reported "extragnathic cementomas" 

Authors 

Friedman et al. [6] Mirra et al. [11] Stelling et al. [21] Horn et al. [8] Adler [1] Amling et al. (this study) 

Number of cases 2 
Femur 1 
Humerus 1 
Pelvis - 
Scapula - 
Tibia - 
Metacarpals - 

3 1 2 4 14 
3 - - 4 7 
- 1 - - 4 

- - 1 - 1 

Fig. l a d  Histology of calcifying solitary bone cysts. The wall, 
indistinguishable from that of a solitary bone cyst, is lined by a lay- 
er of flattened or plumper cells. The wall contains two major com- 
ponents of tissue: areas of loose fibrous tissue, with well-differenti- 
ated fibrocytes and fibroblasts, containing primarily vascular struc- 
tures and also dense hypocellular matrix with large areas of miner- 
alization, resembling odontogenic cementum, a Bits of cementum- 
like material in a highly cellular fibrous tissue area of the wall, 
which is lined by flattened cells. Case number 8 (93/3574) compare 
to the X-rays in Figures 3 and 4. (Undecalcified preparation, tolui- 
din blue stain, magnification x175), b Irregularly mineralized ma- 
terial in a hypocellular fibrous tissue area of the wall. Case number 
8 (93/3574); compare to the X-rays in Figures 3 and 4. (Undecalci- 
fied preparation, toluidin blue stain, magnification x85). c The wall 
contains a densely-structured, homogeneous and hypocellular oste- 
oid-like matrix with areas of mineralization. Case number 9 
(93/4099); compare to the X-ray in Figure 5. (Undecalcified prepa- 
ration, von Kossa stain, magnification ×85). d Sclerotic, cement- 
like material from the centre representing most parts of the lesion. 
Case number 9 (93/4099); compare to the X-ray in Figure 5. (Un- 
decalcified preparation, toluidin blue stain, magnification ×175) 

Results 

His to log ic  features  

The  morpho logy  o f  SBC consists  o f  a thin f ibrous mem-  
brane  l ined by  a layer  o f  f la t tened to s l ight ly  p lumper  
cells ,  which  show modera te  express ion for v iment in  in 
immunohis tochemis t ry .  Somet imes  the cyst  is d iv ided  by  
septa  into two or more  compar tments .  Componen t s  o f  the 
m e m b r a n e  ha l f -moon  fo rmed  lumps  o f  osteoid,  as wel l  as 
some os teoclas t - l ike  giant  cells,  and some haemos ider in  
m a y  be  found. In approx imate ly  70% (278 of  402 cases)  
o f  SBC,  loca l ized  smal l  areas of  a hypocel lu lar ,  cemen-  
tum- l ike  substance wi thin  the m e m b r a n e  can be  detected.  

Hi s to log ica l  examina t ion  o f  C S B C  shows a cyst  wal l  
l ined by  a l ayer  o f  f la t tened to en la rged  cells.  These  
wal ls  m a y  conta in  loose  f ibrous t issue,  wi th  wel l  differ-  
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Fig. 4 Computed tomography at the level of the hip joints, show- 
ing in an axial view of the tumour in the left os pubis without su- 
perimposed structures. There is no soft tissue component detect- 
able and the dense areas in the centre are surrounded by a zone of 
boneless material. Note the histology of this case in Figure la and 
b. (Case number 8) 

Fig. 2 The calcifying solitary bone cyst within the upper humerus 
of a 40-year-old male is almost completely filled by the mineral- 
ized component as demonstrated on the conventional tomography. 
(Case number 10) 

bles odontogenic cementum. Within this cement-like 
substance isolated areas of fibrous tissue which con- 
tained capillaries with well differentiated endothelium 
may be seen (Fig. 1 a-d). 

In CSBS the cyst may be almost completely filled by 
the mineralized component. After curettage in these 
cases it may be difficult for the pathologist to identify a 
fibrous membrane at all. DNA-cytophotometry shows a 
DNA-diploid distribution in CSBC as well as in SBC. 

Fig. 3 X-ray of the pelvis of a 39-year-old female, demonstrating 
enlargement of the left superior pubic ramus. The cortex does not 
seem to be affected and there is no periosteal reaction visible. The 
spongiosa is replaced by calcified areas which are cloud-shaped in 
the middle and of homogeneous density towards the acetabulum. 
The histology of this case is also seen in Figure 1 a and b. (Case 
nmnber 8) 

entiated fibrocytes and fibroblasts, numerous giant cells 
and a hyaline substance, which may be identified as oste- 
old. The second component  of  the tissue consists of  a 
densely-structured, homogeneous,  and hypocellular ma- 
trix with large areas of  mineralization. Although Sharp- 
ey 's  fibres were absent, this material otherwise resem- 

Radiologic features 

There is a wide range of radiographic findings in CSBC. 
The turnouts occur as cystic, sclerotic lesions within the 
metaphysis. However, in some cases the cystic part may 
be undetectable due to extensive calcification (Fig. 2). 
Widening and deformation of the affected bone may be 
seen. Furthermore scalloping and extreme thinning of the 
cortex is also possible (Figs. 3, 4, 5). According to Lod- 
wick lesions are classified as type lb. Within the cysts 
appears a garland, cloudy, dense substance, reminiscent 
of the popcorn like pattern of  enchondroma. In case 2 the 
conversion from a SBC to a CSBC within a few weeks, 
is impressively documented by a radiographic follow up 
over 1 year (Fig. 6a-c).  

Computed tomography shows that the primary struc- 
ture of  cancellous bone is not detectable within these le- 
sions. But an irregularly defined, mostly central calcifi- 
cation with often centripedal lighter zones is seen. After 
application of gadallinium-diethylenetriamine pentaace- 
tic acid, magnetic resonance imaging may show slight 
enhancement in the peripheral zone structures. There is 
never a soft tissue component,  joint involvement, nor in- 
dication of lymph node swelling. 

Radiographic features and clinical appearances of the 
reviewed cases of  calcifying solitary bone cysts are illus- 
trated in Table 2. 
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Fig. 5 X-ray of the distal fe- 
mur of a 39-year-old male, 
demonstrating scalloping, thin- 
ning of the cortex, deformity 
and a 8x6x4 cm cystic lesion 
with sclerotic borders. The 
cloudy, dense material within 
the lesion leads to the clinical 
differential diagnosis of a giant 
cell tumour or fibrous dyspla- 
sia. Note the histology of this 
case in Figure lc, d. (Case 
number 9) 

Discussion 

Bits of calcification are often seen in SBC and its recog- 
nition is thus helpful in the histological diagnosis. But 
CSBC and extensive extragnatic cementum-like bone 
production are rare and may lead to problems with dif- 
ferential [16]. Only 26 cases, including the 14 cases re- 
ported in this study, are documented in the literature. The 
lesion affects patients from the first to the sixth decade 
of life. In our cases the diagnosis of a CSBC was con- 
firmed at an average age of 33 years, in contrast to the 
average age of 26 in SBC. The later manifestation of 
CSBC in comparison to the typical SBC is also docu- 
mented in the literature [2, 3, 4, 7, 13, 14, 20]. This con- 
curs with the conception that CSBC represents a changed 
SBC. The reported cases consist of 15 cases in the fe- 
mur, 6 cases in the humerus, 2 cases in the tibia, and 1 
case each in the scapula, pelvis, and the metacarpal 
bones in the hand. All CSBC of the long bones have oc- 
curred in the metaphysis. Thus, CSBC shows a skeletal 
distribution familiar to SBC. One half of the cases (7 of 
14 in our group) were associated with symptoms such as 
swelling, deformation and pathological fracture, the oth- 
er cases occurred as casual X-ray events. 

The radiographic features of CSBC show a wide 
range, they are thus not solely pathognomonic. Fibrous 
dysplasia is known to have cementum-like ossicles. It is 
especially difficult to mark off CSBC against a chondro- 
ma, a chondrosarcoma or an osteosarcoma. The mineral- 
ized component of the CSBC could be misinterpreted as 
the confluing, popcorn-like pattern in chondromas. Wid- 
ening of the affected bone, as well as thinning of the cor- 
tex and scalloping, can be found in all three entities. In 

contrast to malignancy a soft tissue component was ob- 
served in none of the cases. 

Histological examination showed a cyst wall lined by 
a layer of flattened or enlarged cells. These walls may 
contain loose fibrous tissue, with well differentiated fi- 
brocytes and fibroblasts, numerous giant cells and a hya- 
line substance, which may be identified as osteoid. The 
second component of the tissue consists of a densely- 
structured, homogeneous and hypocellular matrix, with 
large areas of mineralization. Although Sharpey's fibres 
were absent, this material otherwise resembled odonto- 
genic cementum. However, in contrast to the cement of 
the tooth some osteocytes are detectable within the min- 
eralized substance of CSBC. Within this cementum-like 
substance isolated areas of fibrous tissue could be seen 
which contained capillaries with well differentiated en- 
dothelium. A similar pattern of this basic substance may 
be found in some osteosarcomas. 

In 1942 Jaffe and Lichtenstein [9], reported 19 cases 
of SBC, and mentioned that calcification within the cyst 
walls was observed frequently. They considered this sub- 
stance to be calcifying fibrin and blood clot. In 1969 
Friedman and Goldman [6] studied two cystic lesions of 
long bones in young boys which revealed extensive for- 
mation of calcified corpuscles resembling cementicles. 
They named these metaphyseal cysts "cementomas", tak- 
ing them to be the result of extragnathic odontogenic dif- 
ferentiation. In 1978 electron microscopic studies of one 
of his own three cases prompted Mirra [10, 11] to sug- 
gest that the cementoma of the long bone is not a distinct 
entity, but a form of SBC associated with a peculiar, hy- 
pocellular form of bone which mimics tooth cementum. 
His main argument against an independent entity is the 
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Fig. 6a First examination of a 
2-year-old boy with a patholog- 
ical fracture of the upper hu- 
merus (case number 2). b Sev- 
en weeks later there is garland- 
like sclerotic substance within 
the lesion, e One year later ex- 
tensive widening of the humer- 
us appears. The lesion has mea- 
sures 7x6x5 cm with a conflu- 
ent, popcorn-like dense pattern 
in the centre 

observation of matrix vesicles which are a product of  os- 
teoblastic activity and are never found in odontogenic tu- 
rnouts of the jaw. These vesicles are the initial calcifica- 
tion loci, well known from calcified cartilage, woven 
bone and mantle dentin. One year later in 1979 Sanerkin 
[18] suggested that in SBC calcified fibrin coagula pro- 
vide a scaffold on which osteoid followed by new bone 
is laid down. But in 1982 Horn and his colleagues [8] 
took a step back and considered extragnathic cemento- 
mas as a true turnout entity. 

Much of the confusion that exists in the literature on 
the origin of so called extragnathic cementomas is due to 
the fact that the term cementoma has been used for two 
distinct lesions; the cement-like substance within the 

wall of SBC as first described by Jaffe [9] and for those 
rare examples of  fibrous-osseous turnouts which contain 
often extensive foci of cementicles within the fibrous 
stroma. These lesions have usually been described in the 
tibia, and the first recognized cases were written up by 
Sissons [19]. 

The origin of  CSBC from a typical SBC is consistent 
with the histological findings. This is also confirmed by 
the radiographic long term follow up, as documented for 
case 2, with the final histological analysis. The SBC, 
which occurred in a pathological fracture, clearly show 
internal calcifications after 7 weeks. Thus, it is docu- 
mented that a conversion of SBC into CSBC is possible 
within a few weeks. Furthermore, it is possible that mi- 
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crofractures in cases without clinically manifest fractures 
are the starting point of  the changes, leading to CSBC. 

The average age at the time of diagnosis of  our own 
14 cases is 33 years. This is clearly higher than the three 
cases reported by Mirra [10, 11]. Another difference to 
Mirras '  report is that only three cases are associated with 
a pathological fracture; 7 of  14 cases were randomly de- 
tected by X-ray examinations. As in SBC the cystic-scle- 
rotic lesions involve mostly the entire width of  the affect- 
ed bone. All cases occurred in the metaphysis and the 
histology of the calcifyng solitary bone cyst concurs in 
substantial points with the findings in typical SBC [16, 
17]. Of  great importance is the evidence of bits of ce- 
mentum-like matrix within the wall of  approximately 
70% (278 of 402 cases) of  SBC from our registry. There 
is a different extent of  this matrix and its degree of  min- 
eralization. The conversion of SBC to CSBC shows a 
smooth transition. In CSBC the dense structure is the 
leading component  on X-rays and the histology shows 
the previously described homogeneous,  hypocellular ma- 
trix, which is not circumscribed to single areas of the 
cyst membrane.  

Because diagnosis derived from only clinical or radio- 
logical appearances is difficult, only the interdisciplinary 
cooperation of orthopaedic surgeon, radiologist and bone 
pathologist leads to the correct diagnosis. Exclusion of 
malignancy, an important aspect when differential diag- 
nostic procedures are carried out, is crucial for the clini- 
cal treatment of this benign lesion. The intraoperative 
confirmation of the diagnosis on a frozen section by the 
bone pathologist, leads to appropriate treatment (curet- 
tage) [12, 13, 15]. 
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