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An experimental model has been developed in which the effects of a pathological 
fracture and intramedullary nailing on metastatic spread have been investigated. 
The endpoint used was the production of lung metastases in rats inoculated 
intracortically with a rhabdomyosarcoma. We have found that a pathological 
fracture markedly increases the incidence of lung metastases and that intra- 
medullary nailing, by decreasing the incidence of  fractures, decreases the 
incidence of lung metastases. The surgical procedure itself does not increase the 
incidence significantly. I t  is concluded that in metastatic disease prophylactic 
nailing of an impending pathological fracture is the treament of choice. 

I n t r o d u c t i o n  
R i e d e r  and  S c h u m a n n  [17] d i scussed  a pa t i en t  who  d e v e l o p e d  a pa tho log ica l  

f racture ,  due  to me tas t a s i s  o f  c a r c i n o m a  o f  the  b reas t .  T h i s  f rac ture  was t rea ted  
b y  m e a n s  o f  an i n t r a m e d u l l a r y  nail ,  af ter  wh ich  the  pa t i en t  d e v e l o p e d  les ions  
in the  t r o c h a n t e r i c  area.  Based on this  f inding,  the  a u tho r s  sugges ted  tha t  this  
surgical  i n t e rven t i on  had  a m e t a s t a s i s - p r o m o t i n g  effect.  Haase  [8] s imi la r ly  r e p o r t e d  
tha t  t u m o u r  cel ls  were  d i s s e m i n a t e d  b y  a Kf in t s c he r  nail  inse r ted  for a pa tho log ica l  
f e m u r  f rac tu re  in a case o f  me t a s t a t i c  h y p e r n e p h r o m a .  T h e s e  case r epo r t s  and  the  
p u b l i c a t i o n s  o f  Pe l t i e r  [15, 16] have p o p u l a r i z e d  the  hypo the s i s  o f  acce le ra t ion  o f  
me t a s t a t i c  g rowth  b y  i n t r a m e d u l l a r y  na i l ing .  H o w e v e r ,  there  is no  e x p e r i m e n t a l  
ev idence  and the re  are also insuf f ic ien t  c l in ical  da ta  on wh ich  to base  this  
suppos i t i on .  T h e  advan tages  o f  d o i n g  an in te rna l  f ixat ion are po t en t i a l l y  g rea t  i f  it  
can be  shown  tha t  no  s igni f icant  increase  in me tas t a ses  fol lows.  Because we were  
in t e re s t ed  to see i f  in t e rna l  f ixat ion o f  an i m p e n d i n g  pa tho log ica l  f rac ture  has  a 
m e t a s t a s i s - p r o m o t i n g  effect, and  w h e t h e r  o the r  factors  (e.g. f rac tu ra t ion)  cou ld  p l ay  
a s igni f icant  role,  we d e v e l o p e d  an a n i m a l - e x p e r i m e n t a l  m o d e l  to inves t iga te  the  
inf luence  o f  in te rna l  f ixat ion on me tas t a ses  fo rma t ion .  

M a t e r i a l  a n d  m e t h o d s  
Tumour 

T h e  r h a b d o m y o s a r c o m a  had  ar i sen  in the  j a w  m u s c u l a t u r e  o f  an i r r ad i a t ed  
W A G / R i j  ra t  in 1962. A f t e r  a l t e rna te  c u l t u r i n g  in vitro and  inocu la t ion  o f  c u l t u r e d  
cells f rom se lec ted  c lones  wi th  u n i f o r m  g r o w t h  p a t t e r n s  in to  y o u n g  animals ,  a 
t r a n s p l a n t a b l e  t u m o u r  sys t em des igna t ed  as R-1 and wi th  cons t an t  g rowth  
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charac te r i s t i cs  resu l ted .  T h e  t u m o u r  v o l u m e - d o u b l i n g  t ime  is a p p r o x i m a t e l y  4 days  
[1]. A total  o f  96 ma le  ( W A G / R i j  x B N / B i - R i j ) F 1  rats  aged 22-28  weeks  were  
inocu la t ed  on day  0 wi th  sa rcoma  t issue.  T h e  t u m o u r  ma te r i a l  we igh ing  + 5 m g  was 
inse r ted  i n t r a m e d u l l a r y  at the  level of  the  i n t e r m e d i a t e  and dis ta l  t h i rd  o f  the  r igh t  
f emur  as fol lows.  Af t e r  the  la tera l  pa r t  o f  the  f e m u r  was d i s sec ted  free over  a d i s tance  
o f  + 1 cm,  a hole  2 m m  in d i a m e t e r  was d r i l l ed  into the  la tera l  cor tex.  T h i s  was 
fo l lowed b y  excoch lea t ion  of  the  bone  m a r r o w  over  a d i s t ance  o f  + 0'5 c m  wi th  a ben t  
p robe ,  t hus  fo rming  an i n t r a m e d u l l a r y  cavi ty .  T h e n  a 5 m g  p iece  o f  t u m o u r  was 
inse r ted .  T h e  defec t  in the  cor tex  was c losed  wi th  bone  wax and  the skin wi th  c lamps .  
T h e  inocu la t ion  was p e r f o r m e d  u n d e r  genera l  e the r  anaes thes ia .  

Osteosynthesis 
As i n t r a m e d u l l a r y  pins ,  d i sposab l e  in jec t ion  need les  wi th  filed p o i n t  ( T e r u m o  

18 G x |½) were  used .  T h e  t e c h n i q u e  was as follows.  T h r o u g h  a smal l  incis ion,  the  
a b d u c t o r s  were  spl i t  and  the  top  o f  the  m a j o r  t r o c h a n t e r  was c leared.  T h e  nex t  s tep 
was to dr i l l  the  bone  cor tex  wi th  a 1"2 m m  dr i l l .  A space was then  m a d e  in the  bone  
m a r r o w  wi th  d i sposab l e  23 G and  21 G d i a m e t e r  in jec t ion  needles .  T h e  os teo-  
syn thes i s  was f inal ly  p e r f o r m e d  b y  inse r t ing  a need le  wi th  a filed po in t .  T h e  pa r t  o f  
the  needle  above  the  m a j o r  t r o c h a n t e r  was cut  off. A f t e r  th is  p roc e du re ,  the  musc les  
were  j o i n e d  wi th  ca tgu t  s t i tches  and  the skin f inal ly c losed  wi th  c lamps .  

Exar ticula tion 
A f t e r  t y i n g  the  large vessels  in the  groin,  the  h ip  j o in t  was a p p r o a c h e d  surg ica l ly  

f rom its med ia l  aspect .  T h e  head  o f  the  f e m u r  was d i s loca ted  f rom the a c e t a b u l u m  
and the  musc les  a t t ached  to the  f e m u r  were  cut  off at the  or ig in .  T h e  skin was c losed 
wi th  c lamps .  Al l  surgical  p r o c e d u r e s  were  p e r f o r m e d  u n d e r  genera l  e the r  
anaes thes ia .  

Endpoints and statistical evaluation 
T h e  t u m o u r - b e a r i n g  leg was r a d i o g r a p h i c a l l y  m o n i t o r e d  eve ry  two weeks  

(figure 1). F o r  the  d e t e r m i n a t i o n  o f  l ung  metas tases ,  rats  were  sacrif iced.  As  b y  
sacr i f ic ing the an imals  at  too  ear ly  a s tage m a n y  lung  metas tases  tha t  were  p r e s e n t  b u t  
too smal l  cou ld  have passed  unno t i ced ,  and  as too late a sacrifice cou ld  have resu l ted  
in p r e m a t u r e  dea th  due  to mass ive  lung  metas tases ,  50 pe r  cent  were  k i l led  and  
e x a m i n e d  for lung  me tas t a ses  on day  121 and  the  res t  on day  156. T h e  lungs  were  
f ixed in Bou in ' s  so lu t ion  and  the  n u m b e r  o f  v is ib le  metas tases  on the  surface 
(magni f ied  4 t imes)  was es tab l i shed .  A t  the  same t ime,  all r igh t  f emurs  of  an imals  
w i thou t  d e m o n s t r a b l e  tung  me tas t a ses  were  e x a m i n e d  h is to log ica l ly  for the  p resence  
o f  r h a b d o m y o s a r c o m a .  Reg iona l  l y m p h  node  metas tases  or  me tas tases  in o the r  
o rgans  were  neve r  obse rved .  A total  o f  14 out  o f  96 ra ts  were  exc luded  f rom the final 
analysis :  e igh t  o f  these  d id  no t  deve lop  t u m o u r  g rowth  and  the  t u m o u r  inocu la t ion  in 
six was a p p a r e n t l y  no t  p r o p e r l y  p e r f o r m e d ,  as t hey  deve loped  t u m o u r  e x t e n d i n g  into  
the  soft t i ssue  of  the  leg wi th in  14 days  af ter  inocu la t ion .  F i s h e r ' s  test  was used  for 
s ta t is t ical  eva lua t ion .  
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Figure 1. X-ray of the right femur of a rat 45 days after 0steosynthesis. The tumour has 
involved the cortex. 

Experimental design 
After tumour  inoculation, the rats were randomly divided into four groups of 24 

animals each: 

(I) Control group 
(II)  Osteosynthesis group 

( I I I )  Exarticulated group 

(IV) Combined treatment 
group 

No further treatment. 
Intramedullary fixation to be inserted on day 42. 
The tumour-bearing leg to be exarticulated on 
day 45. 
Intramedullary fixation on day 42 will be 
followed by exarticulation on day 45. 

From the difference in the number  of  rats with lung metastases in the control and 
osteosynthesis groups, the effect of osteosynthesis on the development of  lung 
metastases was determined. 

From the difference in the number  of rats with lung metastases in the 
exarticulated and combined treatment groups, it was possible to determine the effect 
of fixing the pin itself on the development of lung metastases. 

R e s u l t s  
Significantly more animals with lung metastases at sacrifice were found to be 

present in group I than in group I I  (table 1). 
In neither group did this incidence differ between animals sacrificed at day 121 

and those sacrificed at day 156 (group I: 7/11 and 7/10; group II :  3/11 and 4/11, 
respectively). For animals having developed lung metastases it is shown (figure 2) 
that the number  of lung metastases per rat in group I is significantly greater than in 
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Group 

Lung metastases 

Present Absent 

Control (I) (n=21)  

Osteosynthesis (II)  (n= 22) 

Exarticulated ( I I I )  (n=  19) 

Combined treatment (IV) (n=20)  

14 (67 per cent) 7 
p -- 0"03 

7 (32 per cent) 15 

0 (0 per cent) 19 
p=0"10 

4 (20 per cent) 16 

Table 1. Incidence of lung metastases according to group. 

Figure 2. 
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(osteosynthesis group). 

g roup  I I .  N o  di f ference  r e g a r d i n g  these  n u m b e r s  b e t w e e n  the two sacrifice da tes  was 
appa ren t .  

T a b l e  2 gives n u m b e r s  o f  an ima l s  acco rd ing  to degree  o f  cor t ica l  i n v o l v e m e n t  for 
g roups  I and  I I.  T h e  pe rcen t age  o f  an ima l s  wh ich  spon t a ne ous ly  d e v e l o p e d  f rac tures  
in g r o u p  I is s igni f icant ly  grea te r  than  in g r o u p  I !  ( F i s h e r ' s  test:  p < 0 - 0 0 5 ) .  

In  tab le  3 the  inc idence  o f  lung  me tas t a ses  in re la t ion  to the  occu r r ence  o f  f rac ture  
is g iven for g roups  I and  I I .  In  bo th  g r o u p s  all an imals  which  showed a f rac ture  



Experimental osteosynthesis 209 

Cortical Control group (I) Osteosynthesis (II) 
involvement (n = 21) (n -- 22) 

None 2 3 
< 50 per cent 6 7 
> 50-99 per cent 2 10 
100 per cent fracture 11 (52 per cent) 2 (9 per cent) 

Table 2. Comparison of degree of cortical involvement in groups I (control group) and II 
(osteosynthesis group). 

Control Osteosynthesis 
group (I) group (II) 
(n = 21) (n = 22) 

Rats with fracture 11 2 
Number of them with 
metastases 11 (100 per cent) 2 (100 per cent) 

I p =0"001 I p = 0"09 
Rats without fracture 10 . 20 

Number of them with 
metastases 3 (30 per cent) 5 (25 per cent) 

Table 3. Correlation between the incidence of lung metastases and pathological fractures. 

developed lung metastases. In case of  no fracture, the percentage of rats with lung 
metastases was significantly less and did not differ between groups I and II .  

In table 1 the number  of animals showing lung metastases are compared for 
groups I I I  and IV. While 20 per cent of animals in group IV showed lung metastases 
at sacrifice, this percentage was 0 in group I I I .  This difference, however, is not 
statistically significant (p = 0"10, Fisher's test). 

Discuss ion  
The occurrence of spontaneous fractures is significantly related to the incidence 

of lung metastases (table 3). The  number  of  animals developing fractures is 
significantly reduced by prophylactic osteosynthesis (table 2). This explains why the 
incidence of  lung metastases in prophylactic treated rats is significantly lower than in 
non-treated animals (table 1). In this study the possible increased risk of metastases 
by the procedure of  inserting the femur pin (table 1), appears to be smaller than the 
risk of fracture and its variably-associated occurrence of metastases in case of no 
prophylactic osteosynthesis. Since there exists the possibility of  treating patho- 
logical fractures by osteosynthesis, it has been pointed out in the literature, largely 
through the pioneer work of Peltier [15, 16] which was confirmed by others, that the 
danger of  this type of  therapy is the development of  the spread o f tumour  cells [5, 12]. 

Pehier [15] showed that bacteria in glass tubes half-filled with a mixture of agar 
and milk (tryptase-peptonized) had spread to the distal column of agar, after the 
insertion of  an intramedullary nail. Also, from Peltier's second in vitro experiment, it 
was evident that erythrocytes tagged with 32p, which were at the mid-point  of  the 
tibia, had spread proximally and distally due to the intramedullary nailing, and were 
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pressed outwardly by the foramina nutricia. He  also showed that a pressure of  
380 m m H g  could be reached by intramedullary nailing, especially if the hammer  
blows followed quickly, one upon the other [16]. 

On the basis of  these experiments,  Peltier concluded that intramedullary nailing 
of pathological fractures might  similarly result in the spread of  turnout cells and 
might  lead to metastases elsewhere, so that serious consideration must  be given in 
planning the treatment.  The  fact that there is a connection between the performance 
of osteosynthesis in the t reatment  of  pathological fractures and tumour  cell 
dissemination was demonstrated in the positive results f rom his experiments  and 
confirmed clinically in humans  by  other workers. 

Junge [11] found after treating eight patients by the Kfintscher nail following 
pathological femur fracture, that histologic tumour  cells were present  in three of  
these on the place where the nail was driven in. He  found no evidence of systemic 
metastases due to this action. 

Zickel and Mouradian [22] described one patient with an intramedullary tumour  
spread after fixation of a pathological fracture. Hoare  [10] revealed malignant  cells in 
the vena cava during an osteosynthesis, and Harr ington et al. [9] found that after 375 
operations for pathological fractures, in one instance a metastasis appeared in the 
operation wound. 

Contrary  to the above-ment ioned authors, who stressed the possible risks of 
osteosynthesis, there are also many  publications covering more  than 1000 
osteosyntheses due to pathological fracture, which show no evidence that this action 
accelerates the process of  metastasis. 

In  185 patients we have operated for an (impending) pathological fracture, we did 
not find any evidence of acceleration of the metastatic growth [2]. Junge [11], 
followed by Knutson  and Sprat t  [13], could not show any difference in survival rate 
between two groups of  patients with pathological fractures, treated either by 
osteosynthesis or conservative management .  Further ,  in our own patient groups, the 
life expectancy was unaffected by the operation [2]. 

T h e  above-ment ioned experiments  of  Peltier [15, 16] did not, however, escape 
criticism. Fundamenta l  objections were, for instance, made by Wehner  [21] who 
argued that tumour  cells are not to be compared  with bacteria and erythrocytes.  
Fur thermore ,  most  tumour  cells which come into circulation during osteosynthesis 
[10] are immediately destroyed, without  evidence of  metastasizing [14]. Francis [7] 
wrote that the appearance of  lesions on the distal side of  the metastases, were 
probably  subclinically already present.  Bremner  and Jelliffe [3] and Devas et al. [4] 
pointed out the possibility that the occurrence of a pathological fracture itself 
influences the process of  metastasis. Finally, the chance of metastasis acceleration 
may well be enhanced if fixation of the fracture is badly done [20]. 

Notwithstanding the comprehensive available literature, the question whether  
osteosynthesis accelerates metastasis is still being raised. Wehner  [21], and Stoffella 
et al. [19] advise drilling the marrow-cavi ty  up to and above the tumour ,  to prevent  
tumour  cell dissemination as much  as possible. Devas et al. [4] proposed that surgical 
management  of a pathological fracture is indicated only if bone metastasis elsewhere 
is obvious, while Douglas et al. [5] concluded that the unjustified risk of  accelerating 
dissemination by osteosynthesis, is probably  the reason why relatively only a few 
prophylact ic  operations are performed.  

Our  study consisted of an investigation into examining how far osteosynthesis 
will stimulate the development  of  metastasis. Roentgenographic  evidence was used 
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to estimate the cortical involvement because in cases (humans) where this is more 
than 50 per cent, pathological fracture occurred in 66 per cent of patients [6]. In 
our study, pathological fracture was prevented by inserting a femur nail which 
significantly reduced the number  of animals with lung metastases and the number of 
lung metastases per animal. Hence we were able to demonstrate that the presence of  a 
pathological fracture stimulates development of metastasis, thus supporting the 
ideas of  Tachdjian and Compere [20] and Rinecker and D611e [18]. It  is evident that 
the influence of the procedure of  osteosynthesis itself on the process of metastasis is 
small. 

Based on our data from animal model experiments and clinical osteosyntheses, 
and data from the literature, it can be concluded that prophylactic osteosynthesis in 
the prevention of pathological fracture is preferable in spite of  the risk of acceleration 
of  metastatic development. When it is also taken into account that the operation 
reduces pain, enables patients to be ambulant more quickly and for longer, and is 
technically simpler with few complications, then we feel that it is justified to say that 
prophylactic osteosynthesis of  an impending pathological fracture is the treatment of 
choice. 
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