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Unicameral bone cysts 

Natural  history and the risk of  fracture 

A. J. Kaelin and G. D. MacEwen 

Department of Medical Education, Alfred I. duPont Institute, PO Box 269, Wilmington, DE 19899, USA 

Summary. Unicameral bone cysts in 57 patients, 
seen at the Alfred I. duPont Institute between 1949 
and 1982, were studied retrospectively. We present 
the natural history in several patients and report a 
"'cyst index" which allows the progress o f  the cyst to 
be followed and makes it possible to determine 
whether there is a significant risk of  fracture which 
would warrant treatment. We have found that 
measuring the cyst index in patients treated by in- 
jections o f  methylprednisolone acetate helps to as- 
sess the response to treatment. 

R~sum~. Nous avons rOalis~ une dtude r~trospective 
des 57 cas de kyste essentiel des os, observOs ~i Fins- 
titut Alfred I. duPont de 1949 gt 1982. Nous rela- 
tons l'histoire naturelle de cette affection et nous 
prdsentons un "'index kystique " qui permet de suivre 
l'Ovolution du kyste et rend possible de prdvoir la 
survenue d'un risque important de fracture, pouvant 
justifier un traitement. Nous avons trouv~ que la 
mesure de cet index, chez les malades traitks par in- 
jections d'acOtate de mkthyl-prednisolone, aide gt 
dvaluer la rdponse gl cette thdrapeutique. 

Introduction 

Unicameral cyst is the commonest benign bone le- 
sion in childhood [12]. It has been a well recog- 
nised for at least 80 years [23], and has been 
known by a number of names such as a benign 
bone cyst, a juvenile unicameral bone cyst, and a 
simple bone cyst. Several aetiological theories 
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have been proposed including intraosseous 
haemorrhage, involution of a giant cell tumour, 
growth disturbance [11, 23], inflammation [6], 
blockage of interstitial fluid circulation [6, 18], 
and disturbance of venous drainage [5]. None of 
these theories has been proved and the precise 
cause of these cysts is not known. 

In 1942, Jaffe and Lichtenstein described the 
radiological, pathological and histological ap- 
pearances, and defined active and latent phases of 
evolution which were dependent on the proximity 
of the cyst to the growth plate [11]. The results of 
treatment were better in latent cysts, i.e. those not 
located next to the physis. Garceau and Gregory 
related results to the age of the patient, and indi- 
cated that recurrence was more common under 
the age of ten years [9]. Neer et al. stressed that the 
size and site of the cyst were the most important 
factors [17]. 

The classical treatment is curettage of the lin- 
ing membrane and grafting with homogenous or 
autogenous bone, but this has been associated 
with a high risk of recurrence [2, 7, 9, 17, 21]. 
Many attempts have been made to reduce this risk 
by improving operative methods. Spence et al. 
emphasised the importance of the graft material 
and surgical technique [21]. They showed that 
packing the cyst completely with freeze-dried, 
crushed cortical bone allograft, or with flesh allo- 
graft, decreased the risk of recurrence. Others 
have demonstrated that the more extensive the re- 
section, the lower the risk [7, 10, 13, 15]. 

Radical resection, or diaphysectomy, has a re- 
currence rate of from 0% to 10%. This method is 
seldom used for femoral lesions since there is a 
risk of subsequent growth disorder because the 
cyst is close to the epiphyseal plate, and there are 
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Fig. 1. Histograms showing the distribution of patients by age 
at diagnosis, indicating the child's sex and the site of the cyst 

difficulties in stabilising the proximal  f ragment  in 
a growing child. 

In 1974, Scaglietti et al. first described the 
t rea tment  o f  unicameral  bone  cysts by injection 
with methy lpredn iso lone  acetate, and since that 
time both  curettage and bone  grafting, and injec- 
tion, have been used with varying degrees o f  suc- 
cess [4, 7, 19]. 

In  spite of  numerous  reports o f  the results of  
t reatment ,  little is k n o w n  about  the natural  his- 
tory o f  these cysts. Most  authors  have failed to 
find evidence o f  spontaneous  healing and  so have 
chosen active t reatment  [3, 11, 19]. Since the cysts 
are benign,  the only p rob lem is the risk o f  patho-  
logical fracture,  but  so far no  reliable means  has 
been devised for predict ing the risk o f  this com- 
plication,  or for assessing the indicat ions for 
treatment.  

Neer ' s  [17] and Baker 's  [2] classification do not  
allow full assessment o f  the cyst because these 
methods  were developed only for determining the 
results o f  operat ive treatment.  

Based on a retrospective study, we have de- 
vised a "cyst  index"  which makes it possible to 
fol low the progress o f  a cyst and determine 
whether  there is a significant risk o f  fracture war- 
rant ing treatment.  We also report  on the natural  
history in several patients who were observed for 
some time before the cyst filled in spontaneously .  
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Table I. Treatment according to site of cyst 

Curettage and graft 
Site 

No. of Humerus Femur Other 
procedures 

1 4 7 3 
2 4 2 0 
3 1 3 0 

No. of patients 9 12 

Total no. of patients 24 
Total no. of procedures 38 = 1.58 procedures/patient 

Methylprednisolone acetate injection 
Site 

No. of 
injections 

Humerus Femur Other 

1 3 2 2 
2 1 1 0 

No. of patients 4 3 

Total no. of patients 9 
Total no. of injections 11 = 1.2 injections/patient 

Operation and injections 
Site 

Humerus Femur Other 

No. of operations/injections 1/2 1/2 
No. of patients 1 2 
Total no. of patients 3 

Observation (no treatment) 
Site 

Humerus Femur Other 

17 3 0 

Summary 
Site 

Humerus Femur Other 

31 21 

Total no. of patients 57 
Total no. of procedures 61 = 1.07 procedures/patient 

C l i n i c a l  m a t e r i a l  

Between 1949 and 1982, 57 patients, with 58 bone cysts, were 
treated at the Alfred I. duPont Institute. The number and site 
of the cysts was proximal humerus 31, proximal femur 19, dis- 
tal femur 2, proximal tibia 2, distal tibia 2, proximal fibula 1, 
and distal fibula 1. 

Boys were affected more commonly than girls (ratio 2: 1). 
The average age at diagnosis was 8.3 years (range 3.2-17 
years), but the distribution in relation to sex and site varied 
(Fig. 1). 
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Fig. 2. a A trapezoid is drawn round the cyst in the radiograph and the diameter of the diaphysis is measured at its tubular  part ;  
b diagram showing the way the area is measured 

Fig. 3. Radiograph of a spiral fracture distal to a unicameral bone cyst in the humerus. Index: 4.62 

The diagnosis was made after fracture in 71% of patients, 
but the rate of fracture at diagnosis varied with the site. In 94% 
of  humeral cyst the first manifestation was a fracture; the cor- 
responding rate in the femur was 47% and in the tibia and 
fibula 33%. Cysts without a fracture were diagnosed when the 
child complained of a persistent pain or a limp. A positive di- 
agnosis was made by biopsy or analysis of the cystic fluid in 
34 cases; the other 24 cysts did not have any surgical proce- 
dure, but presented with the typical radiological appearance 
and healed subsequently. The 31 children with humeral  cysts 
sustained a total of 50 fractures (average 1.6 fractures a child; 
range 0-5) .  The 21 children with femoral cysts sustained a 
total of 14 fractures (average 0.7 fractures a child; range 0-2) .  

The methods of t reatment were curettage and bone graft, 
methylprednisolone acetate injection, and observation alone 
(Table 1). 

Children with humeral  cysts who were not treated surgi- 
cally were immobilised for an average of 2.4 months,  whereas 
those who were operated on were immobilised for an average 
2.8 months.  Thus the length of immobilisation was not affected 
by the type of treatment. 

The cyst index 

A cyst developing in the metaphyseal area ex- 
pands centrifugally and, although the cortex is re- 
sorbed, a thin bony border remains around the 
cyst without any periosteal reaction. The inner 
borders are either smooth or scalloped. During its 
developmental phase, the cyst stays in the physis 
because its growth is more rapid than bone 
growth. The cyst moves away from the physeal 
line either because it is in a stable or healing 
phase, or because the patient has entered a rapid 

adolescent growth phase when bone growth be- 
comes more rapid than cyst growth. The diameter 
of the cyst may equal the width of the physis, but 
rarely becomes greater. The shape of the meta- 
physis is disturbed by lack of resorption. 

Internal crests or septa often appear after frac- 
ture and may be transient. Spontaneous healing 
occurs by bone formation in the cyst's cavity, the 
cortex progressively thickens and the cyst fills in 
centripetally. The periosteum is not involved in 
the healing process, but periosteal apposition ap- 
pears as a result of the fracture healing. After 
complete healing, the site is permanently marked 
by a sclerotic scar. 

A constant radiological finding was that the 
larger the cyst, the more cortex was destroyed and 
the bone weakened. To quantify the strength of 
the remaining cortex, which is related to the size 
of the cyst and the size of the involved bone, we 
devised the cyst index. This gives the proportion 
between the radiographic area of the cyst and the 
size of the involved bone, measured as the diame- 
ter of the diaphysis squared: 

Area of the cyst Cyst Index = 
Diaphysis diameter 2 

The areas involved are shown in Fig. 2 and the 
cyst index is the relationship between the two 
areas. The size of the bone, the distance to the 
physeal line, the length of the cyst, and the radio- 
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graphic density which depends on the technique, 
are not important features in this evaluation. 

The area of  the cyst is measured by its largest 
radiological dimension. Often the index is the 
same on the anteroposterior and lateral radio- 
graphs. The shape may be oval or trapezoidal, 
and the area is easily calculated by drawing one 
or two trapezoids around the borders of  the cyst. 
The diameter of  the diaphysis is measured in its 
tubular part (Fig. 2). 

A low cyst index indicates a small cyst area in 
relation to the bone and a stronger cortex; con- 
versely, a high index indicates a large cyst and a 
weaker cortex. The smallest cyst measured 0.1, the 
largest 12.78. 

Results 

The cyst index in pathological fractures 

Recent pathological fractures were found in 53 ra- 
diographs and the cyst index was measured in 
each. Forty-nine of  these fractures followed minor 
trauma and this is reflected by the minimal dis- 
placement seen. The average index in humeral 
fractures was 6.12 (SD = 1.8) and in femoral frac- 
tures 4.74 (SD = 1.19). The humeral index is 
higher because these fractures occurred later than 
those in the lower limb. 

One distal tibial fracture followed a significant 
injury and had an index of only 2.21. On three oc- 
casions torsion had produced a spiral fracture dis- 
tal to a humeral cyst through normal cortex 
(Fig. 3). In these cases, the average index was 3.33 
(range 1.62-4.62) indicating that the cyst wall was 
strong enough to resist relatively high energy 
trauma. None  of the observed fractures involved 
the physeal line. 

Before the first fracture, the children are nor- 
mally active, but once the diagnosis is made activ- 
ity is reduced, and for a subsequent fracture the 
trauma is likely to be less than in the first in- 
stance. The index would then be larger, and our 
results confirmed this hypothesis. In 21 initial 
fractures through humeral cysts, the average 
index was 5.38 (SD = 1.02), and in 14 recurrent 
fractures the index was 7.38 (SD = 2.4) which is a 
highly significant difference (P < 0.005) Student's 
t-test). The increased index is also an indication of  
progression of  the cyst in some patients after the 
first fracture. 

In femoral fractures the average index of the 
first fractures was 4.4 (SD = 0.75) and that of  re- 
current fractures 7.17. 

The lowest indices for humeral and femoral 
fractures were 3.9 and 3.6, respectively. Although 
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we cannot predict the fracture which leads to the 
diagnosis of  a cyst, we now can predict recurrent 
fractures. There were no fractures in 40 patients 
who had an index lower than 3.5 and who did not 
curtail their activities. 

The differences between humeral and femoral 
fractures can be explained by their biomechanical 
pattern. The humerus is under axial tension and 
shearing stress, whereas the femur is under com- 
pression shearing forces. Microlesions in com- 
pression through a thinner cortex explain the in- 
cidence of  pain and limp, and indicate why a fem- 
oral cyst can be diagnosed before fracture. 

The level of  confidence can be estimated by 
Gaussian distribution of  the cyst index for the 
first humeral or femoral fracture. The standard 
deviation is a statistical means of  assessing the 
spread of  the results. In the initial humeral frac- 
tures the average index is 5.38 (SD = 1.02). It is 
logical to suppose that in a weight-bearing bone 
like the femur a smaller cyst will allow a patho- 
logical fracture; this is confirmed by an average 
index of  4.4 (SD = 0.75) for initial femoral frac- 
tures. 

For the recurrent humeral fractures, the com- 
parison of the index of the initial and subsequent 
fractures indicates that the increased index is a 
sign of  further growth of  the cyst. Thus fractures 
occur despite restricted sports and physical activ- 
ity. These observations support the reliability of  
the index for predicting pathological fractures 
through cysts in a long bone with a tubular dia- 
physis. 

The cyst index and natural history 

The natural history of  unicameral bone cysts was 
observed in 11 untreated humeral cysts that were 
followed for more than one year. Spontaneous 
healing occurred in five cases (Fig. 4), who had 
sustained a total of  nine fractures. One patient 
had no fractures, 2 patients had two fractures 
each, and one had four fractures. All fractures 
were immobilised and healed within one month; 
no patient lost movement of  the shoulder or 
elbow, or had any shortening of the arm. 

The index does not show any tendency to- 
wards regression of  the cyst after a fracture. The 
cyst often continues to grow in parallel to the 
healing process. After three months, periosteal 
new bone has been incorporated and partially re- 
sorbed. The cyst is then strong enough to transmit 
load without further stimulation of  the periosteal 
reaction. All humeral fractures healed within 2 or 
3 weeks and femoral fractures in 10 weeks. 
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Fig. 4a -d .  Radiographs demonstrating the spontaneous evolution of unicameral 
bone cyst in the humerus of a 6 year old boy: a Diagnosis when first fracture 
occurred. Index: 6; b 30 months after diagnosis. Index: 7.55; c 34 months after 
first fracture, spontaneous healing has begun. Index: 2.9; d 37 months after frac- 
ture. The cavity of the cyst is filled with sclerotic bone and the cortex is thicker. 
Index: 1.6 

In 4 cysts, each of which had several fractures, 
the first fracture occurred with an average index 
of 5.8 and the subsequent fracture with an average 
of 7.0; this increase is proportional to the period 
between the first and second fractures. In one, the 
index increased by 0.65 after 4 months, in another 
by 1.10 after 7 months, and in two by 2.0 and 3.9 
after a year. In these cases the slope of the in- 
crease remained in the same range as before frac- 
ture, showing a rise of about 2 points a year. Thus 
a fracture does not change the natural course of 
the development of a cyst. 

In our 57 patients, no further increase in the 
index occurred after its spontaneous decrease, 
which means that all cysts which are healing 

spontaneously will ultimately heal completely. 
Cysts with at least two consecutive decreased in- 
dices of less than 3 and a cortical wall thicker 
than 2 mm are considered to be healed. When 
these conditions are present, fractures never occur 
and the result is always favourable. 

Cyst index and treatment 

Twenty-six healed femoral and humeral cysts 
were studied. Of the 15 proximal humeral cysts, 
8 were treated by curettage and grafting, 5 of 
whom had a second procedure for recurrence. 
Two others benefited from injection of methyl- 
prednisolone acetate, and 5 were treated conser- 
vatively for a fracture and the cyst was observed. 



280 A. J. Kaelin and G. D. MacEwen: Unicameral bone cysts 

Table 2. Humeral cysts 

Treatment 

Failure Success 

No. of operations 8 7 
No. of previous fractures/patient 1.4 1.3 
% of latent cysts 40 78 
Previous operations 1 6 
Age at operation (years) 7.3 12.7 
Duration of disease (months) 7 47 
Cyst index 5.58 + 2.35 3.38 ± 1.53 

Table 3. Femoral cysts 

Treatment 

Failure Success 

No. of operations 13 7 
No. of previous fractures/patient 0.46 0.15 
% of latent cysts 26 73 
Previous operations 4 9 
Age at operation (years) 7.2 10.2 
Duration of  disease (months) 7 30 
Cyst index 4.66±3.23 1.86±0.82 

Table 4. Cyst index: points of  reference 

Cyst Index 

Average Lowest 
measured 

First humeral fracture (n = 21) 
(normal activity) 

Recurrent humeral fracture (n = 14) 
(restricted activity) 

First femoral fracture (n = 10) 

5.38±1.02 3.9 

7.38±2.4 4.8 

4.40±0.75 3.6 

Of the 11 patients with cysts of  the proximal 
femur, 7 had curettage and grafting; 2 had one 
procedure each, 3 had 2 and 2 had 3. One patient 
had two operations for curettage and grafting and 
two injections of  methylprednisolone acetate, and 
3 cysts healed after a single injection each. 

In order to assess whether the cyst index is re- 
lated to the prognosis after curettage and grafting, 
we compared humeral and femoral cysts in two 
series of  patients with success or failure of  treat- 
ment (Tables 2 and 3). In humeral cysts the num- 
ber of  fractures was similar whether or not treat- 
ment was successful, and the latency of  a cyst is 
not necessarily an indication of  success. The age 

at operation and the duration of  the lesion are sig- 
nificant factors. In older patients with a longer 
history, the success rate is higher. 

The index was 5.58 in the failures and 3.38 
in the successful group which is significant 
(P > 0.05). The cysts which responded well had al- 
ready sustained fractures (index > 4) and were in 
a phase where the index was diminishing. After a 
long evolution and in adolescence, cysts were be- 
ginning to heal spontaneously before they were 
treated. In the failures, the children were younger 
and the cysts had been present for a shorter pe- 
riod. The index was high and at the level where 
there was a risk of  fracture; treatment failed be- 
cause the cysts were in a developing phase. 

Comparison between the successes and fail- 
ures in femoral cysts leads to similar conclusions. 
Cysts already healing respond well to operation, 
and the difference between indices (4.66 in the 
failures and 1.86 in the successes) is significant 
(P  <0.025). The shorter time between diagnosis 
and healing results from more aggressive surgical 
treatment and a better response to treatment at 
this site. 

It is paradoxical that cysts in the lower limb 
with an index of  > 4  need treatment because of 
the higher risk of  fracture, and in this group the 
failure rate was higher. Otherwise, when treat- 
ment is not necessary and the index is <4,  the 
conditions are favourable for success. 

Healing occurs in two ways after curettage 
and grafting. There is rapid incorporation of  the 
graft which becomes sclerotic and the cortex 
thickens after two or three months; microcysts my 
appear in the new cortex. Healing occurred in 12 
of  our patients. In three cases, incorporation of 
the graft was followed by a recurrence, with an 
index up to 3; spontaneous healing occurred after 
two or three years. 

Injections of  methylprednisolone acetate were 
given to 9 patients (11 injections). These numbers 
were too few for an accurate analysis to be made. 
Scaglietti et al. found that three or four injections 
were necessary to produce healing. In our cases, 
ten injections were followed by little or no re- 
sponse; further injections were required in four 
cases, operation in one case and observation only 
in the remainder. The average index was 4.49. 
Four cysts healed after injections (average index 
3.73), but a larger study is needed to see whether 
this is statistically significant. In these cases the 
cyst filled with sclerotic bone after about four 
months, but the lining membrane remained radio- 
lucent; after six months the cortex thickened and 
healing occurred. 
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Table 5. Indications for treatment or observation 
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Cyst index Increasing Decreasing 

High fracture risk 
Humerus > 4 
Femur > 3.5 

Low/no fracture risk 
Humerus < 4 
Femur < 3.5 

Fracture prevention 
Injection ~ 
If no response, consider operation in the femur 
Observation 
Consider injection a 

Fracture prevention 
Injection can accelerate healing 

No treatment 

Injection of methylprednisolone acetate 

Discuss ion  

McLachl in  reviewed the natural  history of  bone  
cysts [14] and Cohen  analysed more  than 1000 
cases [7]. Mor ton  repor ted  that  in his series of  
76 cysts most  ran their  own course and  were not  
great ly affected by  t rea tment  [16]. 

It is necessary to ant ic ipate  the risk o f  patho-  
logical f racture  before  deciding whether  t rea tment  
is necessary. No  corre la t ion  was found  between 
the length or area o f  the cyst [4] and the risk o f  
fracture,  but  there was a significant corre la t ion 
when  the area of  the cyst was related to the size of  
the bone  expressed as the square of  the d iameter  
o f  the diaphysis.  

A review of  the English l i terature [1, 2, 14, 16, 
20, 22] revealed 57 cases where the cyst healed 
spontaneous ly ,  represent ing 15% of  all the cysts 
repor ted  in these papers .  The reasons for  deciding 
on conservat ive t rea tment  were not  explained.  

The  effectiveness of  any t rea tment  can only  be 
evaluated  by  compar i son  with the natural  history 
o f  the cysts, and a high rate of  good  results in the 
spontaneous  healing phase is no p r o o f  o f  effec- 
tiveness. 

There  is no doub t  that  un icamera l  bone  cyst is 
a self-limiting benign condi t ion  and that  the only 
indicat ion for t rea tment  is the potent ia l  risk of  
fracture.  The cyst index,  which we have described,  
is an easily reproduc ib le  me thod  of  assessing the 
mechanica l  resistance of  the cyst wall. The  distri- 
but ion  o f  results corre la te  closely with the ana- 
tomical  site. Its use makes  it possible to p lan  treat- 
ment  for  each pat ient  related to the risk of  frac- 
ture. Table  4 summarises  the risk in re la t ion to the 
index. Assuming that  no rmal  bone  can be b roken  
by  severe t rauma,  we give the lowest limit for  a 
pa thologica l  f racture  th rough  the p rox imal  hu- 
merus as 4, and as 3.5 for  the p rox imal  femur.  

We have shown that  t rea tment  is successful 
when the cyst is a l ready  healing. A high recur- 
rence rate is related to a rising cyst index which 
leads to a higher  risk o f  fracture.  

The  index is also valuable  in evaluat ing the re- 
sponse to inject ion o f  methy lp redn i so lone  acetate. 

The scheme o f  t rea tment  depends  on  the phase 
o f  evolut ion as measured  by an increasing or de- 
creasing index,  and on  the risk o f  f racture  as indi- 
cated by the instant  value o f  the index. Table  5 re- 
views the indicat ions  for t rea tment  of  cysts in tu- 
bular  bones.  

After  a rad iographic  diagnosis is made,  the 
l imb should be pro tec ted  i f  there  is a high or mod-  
erate risk o f  fracture.  I f  the cyst is in an active 
growth phase,  an a t tempt  should be made  to stop 
its development .  Inject ion of  me thy lp redn i so lone  
acetate should be cons idered  first because it is in- 
nocuous.  Surgical t rea tment  is reserved for  cysts 
which do not  r espond  to inject ion and  which have 
a high risk o f  pathological  f racture  and sub- 
sequent  deformity.  This par t icular ly  applies to 
cysts in the femora l  neck. 
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