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Abs t rac t  We report a radiographic review of 54 consec- 
utive patients with 24 impending and 30 actual pathologi- 
cal fractures due to metastatic bone lesions in the sub- 
trochanteric femoral region. In an attempt to develop crite- 
ria for metastatic lesions at risk of  fracturing, the follow- 
ing variables based on anteroposterior and lateral X-rays 
were considered: appearance of the lesion, width of  the le- 
sion, ratio between width of the lesion and bone width, 
length of the lesion, length of cortex involvement, propor- 
tion of transverse cortical bone destroyed and local pain. 
Nearly all (99%) of the lesions were radiographically clas- 
sified as lytic. In 27 cases (50%) they were radiographically 
unmeasurable. Maximal longitudinal cortical destruction 
showed a difference between patients with an actual or 
impending fracture. Prophylactic internal fixation of patho- 
logical subtrochanteric fractures due to metastatic lesions 
has to be considered in cases of  increasing pain. If  the 
conventional X-ray can not be evaluated, a computed to- 
mography (CT) scan has to be considered. 

Introduction 

Malignant metastatic tumour is the most common bone 
tumour. The incidence of skeletal metastasis to the femur is 
high (30-50%) [1, 2] and rising due to prolonged patient 
survival as a result of  more effective treatment of visceral 
metastases [3]. About 10% of patients with disseminated 
breast cancer develop a pathological fracture of the prox- 
imal femur [4]. One-third of impending and actual femoral 
fractures is located in the subtrochanteric region [5-7]. 
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Pathological fractures can greatly affect the quality of 
life. Prophylactic fixation of impending fractures is gen- 
erally preferred over treatment of  actual fractures. Quick 
relief of pain, earlier mobility, decreased hospital stay and 
reduction of operative complications are reported as sig- 
nificant advantages [8-10]. As a result, prophylactic fixa- 
tion is being increasingly performed. There are three main 
accepted principles in assessing femoral fracture risk [9]: 
(1) a lytic lesion 25 mm or larger involving the femur; (2) 
lyric circumferential cortical destruction of 50% or more; 
(3) persistent pain with weight-bearing, despite local ther- 
apy. At present, these criteria pervade clinical practice, 
despite the fact that several authors have concluded that 
pain is not a reliable sign in diagnosing impending frac- 
tures [6, 10, 11]. Furthermore, one-half of the standard ra- 
diographs is not evaluable, i.e. measurements of  radio- 
graphic appearance or pathology cannot be evaluated ade- 
quately [6, 11-14]. 

Therefore, there is a need for better criteria for lesions 
at risk of fracturing. In an attempt to develop such criteria 
for a metastatic lesion, we retrospectively analysed patients 
with impending and actual fractures due to metastatic 
bone lesions in the subtrochanteric femoral region, paying 
special attention to the size of  the metastases, involve- 
ment of the cortex and bone pain at the site of the lesion. 

Materials and methods 

Data were collected by reviewing all of the files and radiographs of 
54 consecutive patients with 30 impending and 24 actual patho- 
logical fractures in the subrochanteric femoral region treated from 
1978 to 1990. The criteria of an impending pathological fracture 
were: a lytic lesion of 25 mm or more, circumferential destruction 
of 50% of more and persistent pain. There were 43 women and 11 
men, with a median age of 58 years (range 24-85 years). The pri- 
mary tumours were breast in 35 patients, multiple myeloma in 5, 
bronchus in 4, kidney in 4, prostate in 2, sarcoma in 2, and other 
sites in 2. The median period between the diagnosis of the primary 
tumour and actual or impending pathological fracture was 31 
months (range 0-193 months). In 28 patients the bone lesion was 
located only in the subtrochanteric region. The intertrochanteric 
region was also involved in 12 patients and the proximal diaphy- 
seal region, in another 14 patients. 
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Fig. 1 Measurements of size of the metastases of actual and im- 
pending pathological subtrochanteric fractures; W width of metas- 
tases, B width of bone, H length of metastases, Cm and C[ width of 
cortex, D m and D 1 width of cortical destruction, and A m and A1 ax- 
ial cortical destruction 

The anteroposterior (AP) and lateral radiographs were exam- 
ined in the following manner by one observer. First, the bone le- 
sions were classified as lytic, blastic or mixed (lytic and blastic). 
Then the appearance of the lesion as circumscript solitary, circum- 
script with multiple foci, or diffuse was recorded. Third, the fol- 
lowing measurements of the metastasis were made (Fig. 1) [6]: 
largest width of the metastasis (W), largest width of bone (B) at W, 
largest intramedullary length of the metastasis (H), longitudinal 
length of cortex involvement (A), the remaining cortex on the level 
of the largest involvement of the c o r t e x  (Dmedial , Dlateral, Danterior, 
Dposterior) and the uninvolved cortex below or above the bone lesion 

(Cmedial , Clateral, Canterior , Cposterior). Calculations were made of per- 
centage of cortex destruction [P = (1 - (Dm + D 1 + D a + Dp)/(C m + 
Cl + Ca + C;))'100] and largest ratio between width of the metas- 
tasis and width of the bone (W/B). The measurements of the radio- 
graph were corrected for the magnification at the rate of 1.2 

The Spearman rho test was used for correlation analyses, the 
Mann-Whitney test for non-paired analyses of two groups, and the 
Fisher exact test for one case in different groups. 

Results 

Nearly all lesions were radiographically classified as 
lytic; in two patients lyric and blastic (mixed) lesions were 
recorded. The radiographic aspect of the lesions was 
recorded in 16 patients as solitary, in 23 patients as multi-  
ple foci, and in 15 patients as diffuse. However,  in 5 cases 
no measurements  could be made of the AP radiograph and 
in 22 cases of the lateral radiograph, due to unident if iable  
margins of the bone involved. In 27 patients (50%) accu- 
rate measurements  were made. 

In the AP view 8 metastases were medial  (30%) [(1 - 
Dm/Cm)- (1 -D1/C1)>  1/4], and 11 metastases were cen- 
trally located [(1 - Om/Cm) - (1 - D1/CI) < 1/4). In the lat- 
eral view 11 metastases (40%) were located anterior and 7 
metastases, posterior. No relationship was found between 
the size of the metastases and the histology of the lesion. 
There is a significant  difference in maximal  destruction of 
the longi tudinal  cortex (A) among patients with an actual 
or impending  fracture (P < 0.05). The other three assess- 
ments  (W, B, H) showed no significant difference between 
the two groups (Table 1). 

In the search for lesions at risk we found a 'cut-off  
point '  in several measurements  between actual and im- 
pending treated patients: maximal  longi tudinal  cortex de- 
struction (A) was equal to or greater than 38 ram, in- 
tramedullary bone lesion width (W) was equal to or 
greater than 30 ram, ratio metastasis width: bone width 
(W/B) exceeded 0.9 (Table 2). 

At first presentat ion local pain had occurred in 41 pa- 
tients (78%) 14 weeks (median) before fracturing, with a 

Table 1 Radiographic measurements of actual (n = 9) and impending (n = 18) fractures are given in median values (range) (A, B, H, W 
are visualized in Fig. 1) (*P < 0.05) 

Measurements of bone lesion Actual Impending Total 
(n = 9) (n = 18) (n = 27) 

Width metastases (W) 
Length (H) 
Ratio: W/width of bone (B) 
Maximal longitudinal cortical destruction (A)* 
Transverse cortical destruction 

33 (21-48) 28 (17-50) 30 (17-50) 
100 (42-200) 65 (25-150) 75 (25-200) 

0.88 (0.5-1) 0.79 (0.2-1) 0.83 (0.2-1) 
54 (38-100) 38 (7-125) 42 (7-125) 

0.37 (0.0-0.71) 0.50 (0.07-0.94) 0.44 (0.0-0.94) 

Table 2 Prevalence of radio- 
graphic risk factors in actual 
(n = 9) and impending (n = 18) 
fractures. The 95% confiden- 
tial limits are given in paren- 
theses (*P < 0.005, **P < 
0.05) 

Risk factors Actual Impending 
(n=9)  (n=18)  

Maximal longitudinal cortical destruction _> 38 mm* 9 (58-83) 9 (24--59) 
Ratio width metastases/width bone > 0.9** 7 (0.45-0.94) 5 (0.13-0.51) 
Maximal width bone lesion > 30 mm** 8 (48-82) 8 (21-55) 



Table 3 Literature review- of femoral bone lesions at risk of fracturing 
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References Total bone Pain 
lesions 
(actual 
fractures) 

Radiogra- Transverse 
phic lytic cortical 
aspect bone de- 

struction 

Circum- 
ferential 
bone de- 
struction 

Size of 
well- 
defined 
lesion 

Longitu- Ratio 
dinal width 
cortical metasta- 
destruction ses/bone 

Parrish and Marray [17] 109 (103) + Increasing 
Beals et al. [1] 27 (22) + + 
Fidler [10] 19 (19) - 
Zickel and Mouradian [5] 46 (35) + Increasing +c 
Fidler [19] 87 (32) 
Harrington [9] _ (_) +a + 
Miller and Whitehill [18] 136 (15) + 
Keene et al. [11] 516 (26) - - 
Menck et al. [6] 69 (69) - 
Mirels [13] 78 (27)  b + Increasing + 
Yazawa [7] 120 (71) + 
Dijkstra (this shely) 54 (19) + Increasing + 

+ > 50% 

+ > 50% 

+ > 50% 
+ > 50% 
+ > 25% 

+ > 50% 
+ > 67% 
+ > 50% 

+ _> 25 mm 

+ _> 25 mm 
+ > 20 mm 

+ > ?  

+> 30mm +->0.60 

+>38mm +>0.9 

a Despite radiotherapy 
b Including pathological humerus fractures 

range of between 1 and 220 weeks. In this study approxi- 
mately one-third of patients with an impending (11/30) or 
actual (9/24) fracture complained of initial pain within 3 
months before surgery. However, 6 patients complained 
of aggravating pain, of which 5 developed an actual frac- 
ture within 2 months (95% confidence 1 units = 
57%-100%; P < 0.05). Pain was not related to tumour his- 
tology nor to radiographic measurements. 

Discussion 

In this selected series nearly all (99%) osseous lesions 
were lytic. In contrast, Keene et al. [11] found in non-se- 
lected data no difference in fracture rate among lytic, blas- 
tic or mixed lesions. Most studies, however, report a 
higher fracture risk for lyric osseous lesions [5, 13, 15]. 
Several investigators have considered the difficulty of ac- 
curate measurements of these bone lesions. These data 
show that 46%-60% are evaluable [7, 11]. In the remain- 
ing group the margins of bone involvement were not well 
enough defined or actual fracture had distorted the geom- 
etry of the bone lesions. In our study there was difficulty 
in identifying the involvement of the cortex in 50% (27 
cases) due to unidentifiable margins of bone involvement. 
Controversially, Menck et al. [6] reported no problems in 
radiographic evaluation in 69 patients with pathological 
femoral fractures. Patient selection and differences in 
measurement methods probably explain these contradic- 
tory results. If  the conventional AP or lateral radiograph is 
not evaluable, computed tomography (CT) has been sug- 
gested as a diagnostic option [12, 13]. 

The indications for prophylactic internal fixation, first 
described by Griesmann and Schfittemeyer [16], concern 
the size and extent of the cortical destruction by metas- 
tases and have been controversial since their were pro- 
posed (Table 3). Several combinations of criteria have been 
suggested: pain, lytic aspect, occult lesion, amount of c o r -  

° Occult lesion 

tical destruction, size of well-defined lesion, longitudinal 
cortical destruction and ratio: width metastsis/width bone. 
The assessment of the percentage of the circumferential 
cortical destruction to intact bone is generally regarded as 
essential [6, 7, 9, 10, 17-19]. 

However, there are some arguments to emphasize. Of- 
ten it is difficult to radiograph these painful and dysfunc- 
tioning limbs, and without radiographic standardization in 
two directions, assessment of the circumferential cortical 
destruction seems rather questionable. Furthermore, for 
therapy purposes alone often only AP radiographs are 
taken. 

In this study we used a modified formula [P = (1 - 
((D m + D 1 + D a + D p ) / ( C  m + C 1 + C a + Cp))* 100] suggested 
by H i p p e t  al. [12] to calculate the percentage of de- 
stroyed cortical wall thickness to intact cortical wall 
thickness from radiographs in two directions. Hippe t  al. 
[12] considered a 50% reduction in bone strength in an 
experimental study of endosteal shaft lesions in dog 
femora when 35% cortical destruction had occurred. 
Zickel and Mouradian [5] described in a clinical study of 
46 impending and actual pathological subtrochanteric 
fractures the concept of a 'high-risk femur' as a lesion 
with (any) involvement of the cortex (Table 3). Keene et 
al. [11] and Bremner and Jelliffe [20], on the other hand, 
concluded in a clinical study that there is no relationship 
between the involvement of the cortex and bone fracture. 

Metastatic lesions tend to follow a path of least resis- 
tance and therefore commonly occur along the endosteal 
surface of long bones without completely penetrating the 
cortical wall. Beals et al. [1] described in a small series of 
27 cases that a size of more than 25 mm in a well-defined 
metastatic lesion has predictive value for bone fracture. 
Accurate measurements of 69 actual pathological femur 
fractures by Menck et al. [6] indicated that longitudinal 
cortical destruction of more than 30 mm has a reliable 
predictive value for bone fracture. This is compatible with 
our results (38 mm or more). Similarly, in an experimen- 
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tal s tudy Franke l  and Burstein [21] found that a single 
saw-cut  o f  one-fif th of  the length of  the t ibia  decreased  
tors ional  energy absorpt ion  by  70%, whi le  increasing the 
width  and main ta in ing  the same length did  not  further 
weaken  the tors ional  strength. This reduct ion is ma in ly  
due to a redis t r ibut ion of  shear stress in the cross-sect ional  
bone.  In contrast ,  Clark  et al. [22] and M c B r o o m  et al. 
[23] repor ted  no s ignif icant  strength reduct ion by  longitu-  
dinal  cort ical  destruction.  

Al though  the bone  width  versus width  o f  the metas-  
tases var ied  great ly in the per i t rochanter ic  region,  an in- 
t ramedul la ry  lesion width  o f  30 m m  or more  has predic-  
t ive value.  The in t roduct ion of  the relat ive width  of  bone 
metas tases  in this reg ion  seems to be important .  Accord -  
ing to the f indings  by  M e n c k  et al., the re la t ive  width  of  
the metas tases  (W/B) has a predic t ive  value  for bone frac- 
ture (0.9 or more;  Table 3). 

Many  authors ment ion  ( increasing)  pa in  as a s ign of  
impending  fracture and as a cr i ter ion for p rophylac t ic  
surgery (Table 3) [1, 2, 5, 7, 13, 17]. Pre-fracture  pa in  is 
repor ted  to occur  in 11%-84%,  and it seems to be a ques- 
t ionable  cr i ter ion for prophylac t ic  surgery [6, 11, 19]. Ac-  
cording to our results,  pa in  at first presenta t ion  occurred 
in a very large t ime window prior  to fracturing. Also ,  no 
differences were  found be tween  impending  and actual  
fractures.  No pain  was observed  in 11 patients (18%). 
Therefore ,  in this series, pain  at onset  pr ior  to fracture was 
not  cons idered  a predic t ive  sign. However ,  i f  increas ing 
pa in  was recorded,  an actual  fracture fo l lowed  within 2 
months  in 5 of  the 6 cases. We regard  increas ing local  
pain  as an indicat ion for a les ion at risk. 

The indicat ions  for prophylac t ic  f ixat ion of  impending  
fractures in the long bones have not  been  def ined  clearly,  
and the ava i labe le  informat ion comes  f rom re t rospect ive  
studies. Prospect ive  studies should be pe r fo rmed  but  are 
unfeas ib le  since there are not  enough patients.  This sug- 
gests  a role for in vi tro exper iments .  

The r isk o f  pa thologica l  fractures is a constant  concern  
in the managemen t  of  metas ta t ic  d isease  in long bones.  To 
prevent  an actual  pa tho log ica l  fracture,  an aggress ive  ap- 
proach to impending  fractures is imperat ive.  The  high-  
r isk cri teria of  impending  fractures in metas ta t ic  bone le- 
sions still  have  to be  defined.  
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