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the  mobil izat ion period.  The control  spongiosal  bones 
were collected f rom ident ical  places of normal  h u m a n  
femora  of cadavers  in 11 cases - regadless of sex, the  
average age being 35 years.  The necropsy  revealed no 
kind of skeletal  disorder  in the  control  cases. 

Results and discussion. The results  of the  radiomicro-  
met r ic  values measured  are p resen ted  in the  Figures.  
The scheduled da ta  indicate  a remarkable  decrease of the  
thicknesses  of the  spongiosal  t rabecules  of the  osteo- 
a t rophic  bones  or iginat ing f rom opera ted  pa t i en t s  
(Figure 1). The in te r t rabecu la re  spaces were widened  by  
th is  process.  The differences in the  spongiosaI t rabeculare  
th icknesses  be tween  the  opera ted  os teoa t rophic  and 
normal  cadaver  bones  represen t  a rar i f icat ion of the  
t rabecules  and explain  the  increased r ad io t r anspa rency  
t h a t  m a y  be observed on the  rad iograms (Figure 2, 
a and b). The rad iomicromet r ica l ly  measured  da t a  
resembling the  h i s tomorphomet r i c  results  of FROST and 
S C H E N K  4,5 a r e  in a good agreement .  

In  one case of the  localized cort ical  bone  a t r o p h y  
sur rounded  wi th  sclerosis, af ter  its opera t ive  r emova l  the  
rar i f ica t ion of t he  cort ical  t rabecules  m a y  be seen on 
slab r ad iogram as the  nidus (Figure 3). The t rabecu la re  
th icknesses  measured  in t he  nidus were found  to  be 180 
th ick  (Figures 1 and 3). On histological  examina t i on  th is  
a l te ra t ion  was charac ter i s t ic  of an osteoid os teoma.  This 
cortical  a t r o p h y  was in a close re la t ionship  wi th  the  
increased vascula r i ty  e. 

This  m a n n e r  of evalua t ion  and  the  resul ts  ind ica te  
t h a t  t h e  t rabeculare  r ad iomic rome t ry  on slab rad iogram 
is a sui table  and  much  more  exac t  m e t h o d  for the  es t ima-  
t ion of the  rar i f icat ion of the  spongiosal  t rabecules  by  the  
decreases of the i r  thicknesses,  t h a n  the  visual  means .  
By these  rad iomicromet r ic  measurements ,  the  t rabeculare  
changes  could be d e m o n s t r a t e d  convinc ingly  in a quan-  
t i t a t ive  way. 

Zusammenfassung. Ber ich t  fiber eine r ad iomikrome-  
t r ische Messung der  Trabekel  des spongi6sen K n o chens  
welche genauere  Wer t e  ergibt  als die gebr/~uchlichen 
Methoden.  

g .  ]3E, RE, K 7 

Clinic o/ Orthopaedy, 3ledical University, 
Budapest (Hungary), 76 September 7969. 

Fig. 3. Slab radiogram of a removed osteoid osteoma. '.' 5. 
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Preparation of Large Volumes of Linear Gradient Solutions for Zonal Ultracentrifugation 

Zonal u l t racent r i fuga t ion  techniques  in sec tor -shaped  
rotors  require p repa ra t ion  of large volumes of g rad ien t  
solutions of sucrose, cesium chloride or o ther  solutes 1. The 
gradient  solutions used are e i ther  l inear or exponent ia l  
wi th  respect  to ro tor  volume. These solutions are p repared  
in a sui table gradient  former  and immedia te ly  del ivered 
to the  ro ta t ing  zonal head.  The volume of the  solut ion 
used ranges be tween  45 and 1,675 ml, depending  on the  
type  of the  ro tor  employed.  I t  is desirable to per form the  
whole loading opera t ion  wi th in  a period of not  more  t h a n  
10-20 min. Therefore,  a g rad ien t - forming  device capable  
of delivering a cons t an t  l iquid o u t p u t  of up to  150 ml /min  
m a y  be required.  

The p repara t ion  of large volumes of l inear grad ien t  
solutions used in zonal u l t racen t r i fuga t ion  presen ts  par-  
t icular  difficulties which will be  discussed briefly.  A l inear 
g rad ien t  solut ion can be p repa red  by  filling 2 ident ical  
reservoirs  wi th  the  h e a v y  and the  l ight end of the  gradient ,  
respect ively.  The 2 reservoirs  mus t  be connec ted  so as to 
keep the i r  con ten t s  a t  the  same level a t  all t imes.  The 
con ten t  of the  c h a m b e r  cor responding  to  the  l ight  end of 
the  gradient  is cont inuous ly  s t i r red as it receives solut ion 

f rom the  reservoir  conta in ing  the  h e a v y  solution. As the  
grad ien t  is formed,  the  solut ion is w i t h d r a w n  and  fed into 
ei ther  centr i fuge tubes  or the  zonal rotor.  

In  the  grad ien t  device descr ibed originally by  PARR 2, the  
l inear g rad ien t  was ob ta ined  by  the  s imul taneous  e m p t y -  
ing of the  2 chamber s  under  the  inf luence of gravi ty .  
Modif icat ions of th is  open chamber -dev ice  have  been  de- 
scribed by  others  3,4. These simple g rad ien t - fo rming  
devices are no t  sui table for zonal u l t r acen t r i fuga t ion  work.  
In  the  first  place, in the  grad ien t  formers  descr ibed above,  
solut ion mixing  is achieved b y  means  of magne t ic  bars  or 
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s t i r r ing paddles,  which are inadequa te  for the  rapid  mix-  
ing of large amount s  of dense sucrose solutions. Secondly, 
the  turbulence  caused by  the  opera t ion  of a powerful  
s t i r r ing device  wi th in  an open mixing  chamber  would re- 
sult  in the  in t roduct ion  of an excess of bubbles into the  
gradient  s t ream, mak ing  the  procedure impract ical .  In  
fact,  g radient  formers of the  open chamber  type  cannot  
be used for the  accura te  prepara t ion  of l inear gradients  of 
v e r y  viscous sucrose solut ion at  rates faster  t han  2-5 ml /  
min.  

The  p rob lem of in t roducing air bubbles in the  gradient  
is e l imina ted  by  using c losed-chamber  devices. These 
machines  mus t  be provided  wi th  var iable  vo lume  cham- 
bers, capable  of a s imul taneous  decrease in volume.  
Several  g rad ien t  formers  which operate  on this principle 
have  been described 5. In  all these devices, the  twin  
pistons used to close the  chambers  are moto r  driven. These 
careful ly engineered machines  provide  an excel lent  gra- 
d ient  del ivery  ra te  and ensure reproducib i l i ty  of the  
character is t ics  of the  gradients,  bu t  are in general  ve ry  
expensive.  

Material and methods. In  order  to s impli fy  the  construc- 
t ion of a closed chamber,  l inear gradient - forming device, 
i t  was t hough t  t h a t  the  p is ton-dr iv ing  motors  and their  
compl ica ted  gear  systems could be e l imina ted  if the  force 
of g rav i ty  were used for this purpose.  A machine  as- 
sembled by  us which operates  on these principles is shown 
in the  Figure. 

The const ruct ion  of this device is great ly  simplified by  
the  fact  t ha t  the  basic s t i rr ing mechanism and the  pro- 
peller are par ts  from a commercia l ly  available pump wi th  
magnet ic  dr ive  (Cole Pa rmer  No. 7004-3) used in the  
manner  described in a previous paper  6. The solution reser- 
voirs are 2 ident ical  plast ic cylindrical  chambers  of 8 cm 
diameter .  E x t r a q o n g  a luminium pistons were found 
necessary in order  to keep the  whole system uniformly 
centered. In  addit ion,  the  weight  of the pistons helps to 
ensure smooth  displacement  during operation.  Three 
loosely f i t t ing 'O'-r ings per  pis ton were found to be more 
sat isfactory than  a single, t igh t  one, in order to keep the  
chambers  hermet ica l ly  sealed wi thou t  interfering wi th  the  
ver t ica l  m o v e m e n t  of the  pistons. The appara tus  is com- 
pleted wi th  sui table outlets  for easy chamber  loading and 
unloading, a chamber  interconnect ion,  a bubble trap,  and 
a rigid p is ton- to-pis ton clamp. 

Results and discussion. For  operation,  the  chambers  are 
filled wi th  equal  amounts  of the  l ight  and the  heavy  solu- 
tions, and s t i r r ing ini t iated.  The mixed  gradient  is gra- 
dual ly  wi thd rawn  from the  chamber  corresponding to the  
l ight  end of the  gradient  by means of a peristal t ic  pump.  
Simultaneously,  an equiva len t  vo lume of heavy  solution 
is fed into the  l ight  solution chamber  due to the  paral lel  
d isplacement  of the  a lumin ium pistons. 

The described device was used for the  prepara t ion  of 
up to 1,500 ml  of a l inear sucrose gradient,  ranging from 
10-65~o w/w. A m a x i m u m  of reproducibi l i ty  was found 
for vo lume rates  of up to 100 ml /min  at  an impeller  rota-  
t ion speed of 750 rev/min.  This  vo lume  rate  does not  con- 
s t i tu te  a theoret ica l  l imit ,  and higher  del ivery rates m a y  
be achieved by  using a more powerful  st irring mechanism. 

Despi te  its appearance,  the  described gradient  device 
can be cons t ruc ted  in a few hours at  any modera te ly  
equipped machine  shop and wi thou t  much  expense. The  
appara tus  provides  a fast, convenient  way  of prepar ing 
the large amount s  of l inear gradient  solutions required for 
zonal u l t racent r i fugal  work. In  addit ion,  the same device 
can be used for the  prepara t ion  of exponent ia l  gradient  
solutions, by  r emoving  the  pis ton- to-pis ton c lamp and 
adjus t ing  the  height  of the  pis ton corresponding to the  
l ight  end of the  gradient.  Af ter  use, the  device is easily 
disassembled for cleaning, and no lubr icated moving  par ts  
are in con tac t  wi th  the  solution used ~,s. 

Rdsumd. On d6crit la const ruct ion d 'un  apparei l  
chambre  close pour  l a  pr6parat ion de gros vo lumes  de 
solutions k gradients  de densit6 lin6aire. Ces solutions de 
sucre ou d ' au t res  substances sont  g6n6ralement utilis6es 
pour  l 'u l t racent r i fuga t ion  zonale en gradient  de densit6. 
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