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Solitary (unicameral) bone cyst 
The fallen fragment sign revisited 
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Abstract. The fallen fragment sign is a prominent 
radiologic feature in a minority of  cases of  unicam- 
eral bone cyst (20% in this series). This sign is 
always associated with pathologic fracture. Intra- 
medullary fracture fragments may be single or mul- 
tiple and may or may not be entirely dislodged 
from overlying periosteum. The finding appears 
limited to unicameral bone cysts in patients with 
open physes. When present, the fallen fragment 
is a pathognomonic finding as it defines the interi- 
or of  the cyst as nonsolid. This is particularly help- 
ful in cases where absence of the cyst wall second- 
ary to fracture can simulate an intramedullary ma- 
lignancy with cortical erosion. 

Key words: Unicameral bone cyst - Solitary bone 
cyst - Fallen fragment sign - Pathologic fracture 

The unicameral bone cyst is a relatively common 
benign non-neoplastic lesion of bone. It appears 
classically as a radiolucent defect surrounded by 
an attenuated cortex in the proximal portion of 
a long tubular bone. The lesion is solitary and is 
usually located within the metaphysis adjacent to 
the physis [11]. Roentgenographic differentiation 
from benign fibrous lesions of bone is important 
in planning treatment and predicting clinical out- 
come. Jaffe and Lichtenstein in 1942 reported the 
first significant clinical series of unicameral bone 
cysts and described many of  the classic clinical and 
radiographic features [4]. Since then, numerous ar- 
ticles have appeared further defining the radio- 
graphic appearance of the lesion [1-3, 5, 8, 10]. 

Address reprint requests to: Howard D. Dorfman,  M.D., De- 
par tment  of Orthopaedic Surgery, Montefiore Medical Center, 
111 East 210th Street, Bronx, NY 10467, USA 

A pathognomonic sign of a unicameral bone cyst, 
the "fallen fragment sign", was first described by 
Reynolds in 1969 [12] and again by McGlynn in 
1981 [6], The fallen fragment is caused by fracture 
of the cyst wall and dislodgement of fragments 
into the cyst cavity. Its presence establishes that 
the cystic contents are not solid, thus distinguish- 
ing the unicameral bone cyst from fibrous lesions 
of bone which have a solid or fleshy center. 

In this study, we present a striking example 
of this radiologic finding. Multiple fallen frag- 
ments and a large cortical defect were seen on both 
plain radiographs and computed tomography 
scans. We also discuss the radiographic findings 
in our other cases which demonstrate the fallen 
fragment sign. 

Case report 

KD, a 14-year-old boy, fell on his outstretched left arm and 
developed severe pain and swelling of the left shoulder. The 
patient was otherwise healthy, and the shoulder was previously 
asymptomatic. Plain radiographs revealed a pathologic fracture 
through a lytic lesion of the proximal humeral metaphysis 
(Fig. 1 A). Computed tomography (CT) studies were performed 
to evaluate the possibility of a destructive malignant lesion 
which was suggested on an oblique plain radiograph (Fig. 1 B). 
A C T  examination revealed cortical fragments within the cystic 
lesion, a finding that  confirmed the diagnosis of solitary bone 
cyst (Fig. 1 C-E). Plain radiographs were taken with the arm 
in both  full abduction and adduction to demonstrate free move- 
ment of bone fragments within the cyst, but no movement was 
demonstrated. This was believed to be secondary to hematoma 
formation from the fracture. The patient was treated conserva- 
tively. At  6 weeks, fracture healing was evident, and the cyst 
cavity was beginning to fill with callus. 

Materials and methods 

Fifty-one cases of unicameral bone cyst were reviewed from 
the files, collected by the three senior authors over a 25-year 
period. There were 39 cases in patients 17 years or younger 
and 12 cases in patients older than 17. The anatomic distribu- 
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Fig. 1. A This 14-year-old boy sustained pathologic fracture 
of the left humerus fracture through a simple bone cyst after 
a fall. Note multiple fallen fragments contained within this large 
active cyst. B The oblique view demonstrates a large cortical 
defect suggesting a malignant lesion. C CT scan through the 
distal aspect of the cyst demonstrates a cortical bone fragment 
surrounded by the intact cortex of the proximal end of the 
humerus. D CT scan demonstrates multiple fragments within 
the cyst. E CT scan of the proximal aspect of the cyst shows 
loss of cortex and a cortical fragment within the cyst cavity 
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Table 1. See text 

Case Site Physis Stage Fragments 

proximal humerus open active multiple 
2 proximal humerus open active multiple 
3 proximal humerus open active single 
4 proximal humerus open latent single 
5 proximal humerus open active multiple 
6 proximal humerus open latent single 
7 proximal humerus open active single 
8 distal tibia open latent multiple 
9 distal fibula open active single 

10 proximal tibia open active multiple 

tion of lesions was similar to that of previously reported series, 
two-thirds of the lesions being located in the proximal end 
of the humerus or femur. Of these 51 cases, there were ten 
examples of the fallen fragment sign. These cases are summa- 
rized in Table 1. 

Results 

All cases were associated with pathologic fracture 
through the cyst. All cysts were seen in patients 
with open epiphyses. There were seven cases in 
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the humerus and one each in the distal tibia, distal 
fibula, and proximal tibia. In five cases, the frag- 
ments were completely dislodged and were noted 
to be lying free in the dependent portion of the 
cyst (Fig. 2). In three cases the fragment was 
hinged into the cyst cavity but was not completely 
dislodged from the periosteum (Fig. 3). In two 
cases, a combination of hinged and displaced frag- 
ments was noted (Fig. 4). In five cases, multiple 
fragments were seen (Fig. 5). Seven of  the cases 
were seen in "act ive"  cysts (those which were adja- 
cent to the physis), and three were in " la ten t"  
cysts. 

Discussion 

The fallen fragment sign occurs as a result of  
pathologic fracture through the thin cortical wall 
of the unicameral bone cyst. It is postulated by 
Reynolds that when the trauma which produces 
this pathologic fracture is minor, the surrounding 
periosteal sleeve remains intact, preventing the 
usual outward displacement of fracture fragments 

Fig. 2. An J 1-year-old boy with a pathologic fracture through 
large solitary bone cyst. Distal displacement of a fallen frag- 
ment establishes that the lesion extends well into the diaphysis 

Fig. 3. A 12-year-old boy with a pathologic fracture of a latent 
solitary bone cyst. Note the single fragment hinged into the 
center of the medullary canal. This is a forme fruste variant 
of the fallen fragment sign 

Fig. 4. A 14-year-old boy with a solitary bone cyst demon- 
strated multiple cortical bone fragments. Examples of both 
completely displaced and hinged fragments are noted in the 
same cyst 

Fig. 5. A 12-year-old girl with a pathologic feature through 
a large solitary bone cyst. Multiple cortical bone fragments 
were displaced into the dependent portion of the cyst 
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Fig. 6A-D. Pathogenesis of the fallen fragment sign. A Solitary bone cyst in the proximal end of the humerus. Thinned cortex 
shows "'eggshell" cracks following minimal trauma. Periosteum remains intact around the comminuted undisplaced fragments. 
B A large cortical fragment attached to the underlying periosteum only at the bone has become a hinge-like flap (also referred 
to as a '~ door" fragment). C Cortical fragment has now become completely displaced and lies at the bottom of the cyst 
cavity creating the "fallen fragment sign". D Lying free in the cyst cavity the fragment is able to gravitate toward the top 
of the cavity on change in position of the arm 

and causing fragments of cyst wall to fall inward 
into the cyst cavity (Fig. 6A-D).  In other benign 
lesions of bone with solid or fleshy interiors such 
as fibrous dysplasia, aneurysmal bone cyst, or non- 
ossifying fibroma, the fallen fragment does not oc- 
cur [12]. 

Although pathologic fracture is present in 65% 
of all cases of unicameral bone cyst [1, 3, 9], the 
true incidence of the fallen fragment sign has not, 
to date, been reported. In our series, 10 of 51 pa- 
tients (20%) had the fallen fragment sign. This fig- 
ure may not represent the true incidence, however, 
as the cases in this study were collected largely 
from consultation files, many of which were con- 
sidered diagnostic problem cases. It is noteworthy 
that all ten cases occurred in patients with open 
physes. This finding is consistent with previous re- 
ports in which all examples of the fallen fragment 
sign were seen in patients with open physes. When 
considering only juvenile unicameral bone cysts, 
the incidence of the fallen fragment sign was 26%. 

All of  our cases were also noted to be in long 
tubular bones which is consistent with previously 
published cases. Wilner [14] notes, however, that 
when the fallen fragment sign occurs in cysts in 
unusual locations such as the pelvis, calcaneus, cla- 

vicle, or rib, it is helpful in confirming the diagno- 
sis. No radiographs of these cases were provided 
in his text nor encountered in our review of the 
literature [6, 7, 11, 12]. 

Some variation in the radiographic appearance 
of the fallen fragment sign was noted in our cases. 
Several examples of both single and multiple frag- 
ments were noted. In addition, fragments were not- 
ed to be either completely displaced and lying in 
the dependent portion of the cyst or hinged into 
the center of  the cyst. The latter example was re- 
ferred to by Reynolds [12] as a " forme fruste" 
of the fallen fragment. It is caused by inward dis- 
placement of a cyst wall fragment that is still con- 
nected to overlying periosteum. In some cases, 
both varieties of fallen fragment were seen in the 
same cyst. In terms of both anatomic location and 
physeal proximity (active or latent), cases which 
demonstrated the fallen fragment sign followed a 
pattern typical for unicameral bone cysts. 

While the presence of the fallen fragment es- 
tablishes the hollow nature of the cyst, it can also 
be of value in estimating size. In cases where the 
cyst extends well into the diaphysis, it may be diffi- 
cult to identify the distal extent of  the lesion. How- 
ever, when the fallen fragment is free and lies in 
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the most distal portion of the cyst, the true size 
of the cyst may be appreciated. This concept is 
dramatically illustrated in one case (Fig. 2) in 
which the intramedullary cortical fragment is seen 
far down the diaphysis. 

Since the fallen fragment sign serves as a path- 
ognomic indicator of solitary bone cyst, accurate 
identification is important. Multiple views may be 
necessary to establish the intramedullary location 
of cortical bone fragments. Pathologic fracture 
through a solid fibrous lesion can produce frag- 
ments that appear intramedullary, but are in fact 
in the extraosseous soft tissue. When in doubt, 
other imaging techniques may be helpful. Plain ra- 
diographs taken in both the erect and recumbent 
positions may demonstrate free movement of  frag- 
ments within the cyst [7]. Fracture hematoma may, 
however, prevent free movement of bone frag- 
ments within the cavity as was likely in our case. 
Alternatively, CT scanning is extremely helpful in 
establishing the intramedullary location of bone 
fragments (Fig. 1 C, D, E). In addition, CT also 
allows more detailed evaluation of soft tissue 
which may confirm the benign radiographic ap- 
pearance, as it did in our case presentation. 

Cortical fracture fragments, it should be noted, 
are not the only source of  radio-opaque strutures 
within solitary bone cysts. Sanerkin, in reporting 
on the content of  85 solitary bone cysts, found 
a variety of solid material within the cyst cavity 
in one-third of the cases [13]. This amorphous tis- 
sue which often lay free in the cyst cavity showed 
a variable degree of  ossification and calcification. 
It appeared to have originated from old floccules 
of fibrin coagula which were not subject to early 
organization by granulation tissue because they 
were formed in an avascular inert chamber. This 
tissue underwent senescence and calcific encrusta- 
tion. Eventually, Sanerkin stated, the calcified coa- 
gulum was vascularized from the cyst lining and 
became ossified in a manner analogous to that oc- 

curring in enchondral ossification. While this is a 
unique and pathognomonic histologic finding for 
simple bone cysts, it is quite rare for such tissue 
to be seen on routine radiographs. When it is suffi- 
ciently calcified and large enough to be visualized 
on radiographs, differentiation from fallen frag- 
ments is not difficult. It appears as a patchy density 
with indistinct edges or as a rounded incompletely 
calcified mass. This is quite different from the 
sharp edges of cortical bone fracture fragments. 

References 

1. Baker DM (1970) Benign unicameral bone cyst. A study 
of forty-five cases with long-term follow-up. Clin Orthop 
71 : 140 

2. Cohen J (1970) Etiology of simply bone cyst. J Bone Joint 
Surg [Am] 52:1493 

3. Garceau G J, Gregory CF (1954) Solitary unicameral bone 
cyst. J Bone Joint Surg [Am] 36:267 

4. Jaffe HL, Lichtenstein L (1942) Solitary unicameral bone 
cyst : with emphasis on the roentgen picture, the pathologic 
appearance and the pathogenesis. Arch Surg 44:1004 

5. Lodwick GS (1958) Juvenile unicameral bone cyst. A roent- 
gen reappraisal. A JR 80:495 

6. McGlynn FJ, Mickelson MR, E1-Khoury GY (1981) The 
fallen fragment sign in unicameral bone cyst. Clin Orthop 
156:157 

7. Murray RO, Jacobson HG (1977) The radiology of skeletal 
disorders. Churchill Livingston, New York, p 528 

8. Neer CS II, Francis KC, Johnston AD, Kiernan HA Jr 
(1973) Current concepts on the treatment of solitary uni- 
cameral bone cyst. Clin Orthop 97:40 

9. Neer CS II, Francis KC, Marcove RC, Terz J, Carbonara 
PN (1966) Treatment of unicameral bone cyst; a follow-up 
of 175 cases. J Bone Joint Surg [Am] 48:731 

10. Norman A, Schiffman M (1977) Simple bone cysts: factors 
of age dependency. Radiology 124: 779 

11. Resnick D, Niwayama G (eds) (1988) Diagnosis of bone 
and joint disorders, 2nd edn. WB Saunders, Philadelphia, 
p 3820 

12. Reynolds J (1969) The "fallen fragment sign" in the diagno- 
sis of unicameral bone cysts. Radiology 92:949 

13. Sanerkin NG (1979) Old fibrin coagula and their ossifica- 
tion in simple bone cysts. J Bone Joint Surg [Br] 61:194 

14. Wilner D (1982) Radiology of bone tumors and allied dis- 
orders. WB Saunders, Philadelphia, p 921 


