
THE DISTRIBUTION OF MINERAL SALT IN 

NON-UNION OF FRACTURES 

The mineralisation of a callus area during the hcding proccss of 
cxperini~ntally ohtatncd tlial)hyseal fractures in ratr and dog\ ha\ 
been studictl previously by the author by means of 1iiicroradiogral)liic 
techniques ( 7 ) .  I t  was then shown that the distribution of mincral 
salt a t  the different stages of healing rcflectcd anti magnified thc 
inhomogeneous distribution of hone salt which exists in normal hone. 
tissue. Quantitative microradiography gave a determination of thc 
avcragc bone salt concentration in the various callus structures. The 
pcriostcal callus showed the most rapid mincralisation, \\ hercnr thc 
intcrrncdiatcly situated callus was mineralised a t  a slower rate. ‘Thc 
complete process from the fresh fracture to “full minerali\ation” of 
the callus area took, howec\cr, a vcxry long time. Thus in the rat fracture. 
the difference in the avvragc mincralisation o f  the callus and ot thc 
cnds of the fracturcs mere not equalised until 1lh years later. The 
corresponding period for dog fractures 1% a5 inorc than 1\10 years. 

The rcsults obtaincd from these studies of mineraliration in thc 
healing of experimental fractures are not imniediately ap1)licahlc to 
fracturcr in man ; ncvcrthclcs\, the skeleton of dogs, a t  Icart, clowly 
corresponds with that of inan in its microscopic structure and its 
reactions. It can thereforc hc cxpected that a niicroradiographic 
investigation of the conditions of mincralisation in clinical fracturcs 
1% i l l  give results analogous to those in expcrimcntal fracturcs. O n  thc 
other hand, for practical reasons it is difficult to carry out a11 

investigation of this kind on clinical material. It would, for cxamplc., 
in\ olvc making consecutive biopsies on a callus area in order to ohtain 
microradiographic spccirncns. Thi\ method would, how.c\cr, Incan a 
disruption of the biological 1)roccss of healing, and consc.qucmtly 
provide less significant information. 
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In contrast, hy studying established pscudarthroses in clinical cases 
with inicroradiographical techniques, it is possible to observe the 
accumulation of bone salt in the callus. It is true that this method 
allows the investigation of only a stationary stage in the development 
of the callus, a t  a time when mineralised bone structures arc  no longer 
being formed across the fracture gap. It will be shown in the following, 
however, that a study of the distribution of mineral salt in the 
tissue of pseudarthroses permits certain indirect conclusions to be 
drawn concerning the dynamic processes involved in the calcification 
of a fracture callus. 

The present investigation has been carried out on 10 clinical cases 
of non-union of diayhyscal fractures of the long-bones which have 
been admitted for orthopacdic treatment. From a strictly biological 
point of view this non-union should have manifested itself in the form 
of a real pscudarthrosis, which perhaps should be called ne-arthrosis. 
That  is to say, the ends of the fracture are  surrounded by some kind 
of synovial membrane, and the space between them is filled with 
synovial fluid. With modern methods of treating fractures, however, 
such a definite stage of non-union is rarely met;  therapeutic action 
is now normally taken when it i u  apparent that delayed union is 
about to become non-union. 

In  the present investigation the term pscudarthrosis has therefore 
been given its clinical meaning. The material consists of fractures 
which, in spite of the usual methods of reduction and fixation, habe 
not attained stability within a “normal” healing period, but have 
displayed mobility and given rise to pain in the callus area. Macro- 
scopic X-ray pictures have shown typical changes including sclerosed, 
rounded fracture ends on either side of the pseudarthrosis gap. The 
pscudarthrosis areas have heen resected in toto during reconstructive 
surgery, and a few centimetres of the fracture ends have heen removed. 
This method has made it possible to study the microscopic distribution 
of mineral salt a t  varying distances from the topographical centre of 
the pseudarthrosis. The preparative and microradiographic methods 
used were identical with techniques described previously ( 7 ) .  

H E S U L T S  

Fig. 1 shows the microradiographic cross section of an ulna some 
millimetrcs f rom the pseudarthrosis gap in an  8-months old fracture. 
Thc bone itself contains a comparatively large number of resorption 



Fiy. 1.  
Xlicroradiogram o f  a cro\\  section some mm. f r o m  t h e  f rac ture  l inc  in  non-union o f  
ulna  8 m o n t h 5  af te r  f racture .  Illna r ight ,  pcr iosteal  callus left.  Blagnification 23 X.  

zone\ hut othcrwisc, exhibits a normal structure and retaincd Haversian 
system\. The distribution of mineral salt in thc bone docs not dep:irt 
from that found in undamaged bone. Thus it is possible to see typical 
Haver5ian sy4tcms showing varying tlcgrccs of mineralisation as well 
a s  a 4imilar inhomogcncous distribution of honc salt in the intcrmcdiatc 
zones. Judgcd microradiogral,hic~illy, the ends of thc fractures d o  not,  
therefore, tlisl)lay any sign of honiogcnciation either in the form of 
hyper- or  hyl")-Inineralisation. The pcriosteal callus consists of coarse 
traheculac closely packed togcthcr; they disl)lay barying dcgrte4 of 
niineralis:ition, L I ~ L I ~ I ~  with an increased accumulation of bonc u l t  
a t  the ccntrt.  'I'hv di5trihution of mineral salt is in fact identical 
\\ith the tlistrihution found in thc lwrio5tcal callus during the later 
stages of healing of diaphyscal fracture5 in dogs (Fig. 2 )  

Pig. 3 is the niicroradiograni of a longitudinal wction through 
the pseudarthrosis gap in the sanic case a\ in Fig. 1 .  The samc 
niineralisation 1):itiern can 1)c obscr\ed in both specimens in the 
periostcal c:illus a 5  n e l l  a s  in t h e  outcrniost parts 01 the fracture 

6' 



84 IJLE’ NILSONNE 

F i g .  2. 
Microradiogram o f  a cros5 section of a 4 months old femur fracture in the dog. 

Hone left, perio5teal callus right. Magnification 21 X.  

ends. In the intermediately situated callus a degree of mineralisation 
is displayed which is, on average, lower than in the periosteal callus. 
There are, however, wide local variations, so that even adjacent 
structures may reveal considerable differences in mineralisation. This 
type of mineral salt distribution in the intermediate callus can be 
observed as far out towards the pseudarthrosis gap as the rnincralised 
structures are in fact visible. A comparison with the femur fracture 
during healing in a dog shows remarkable similarities in mineral 
salt distribution. (Fig. 4) ,  notwithstanding the fact that this picture 
represents a progressive stage in healing, while Fig. 3 is of a stationary 
stage. 

AIL the pscudarthroscs investigated showed the same mineralisation 
pattern as the typical cases described above. From the results gained 
in connection with the reaction of the mineral phase in experimentally 
ohtained callus tissue ( 7 ) ,  it can thus be stated that analogous 
conditions exist between the distribution of inincral salt in normal 



Fig. 3.  
hlicroratliogram o f  a longi tudinal  sect ion through t h e  pseudar thros is  gap  i n  t h e  
same case : I S  in Fig. 1. 'I'hc black area i n  the  centre r ep rcxn t s  t h e  unmincral ised 

part of  the  pseudar thros is .  Magni f ica t ion  10 X. 

callus tissuc and its clistrihution in pscudarthrosis tissue. The mincrali- 
sation which was ohscrved in  the pscutlarthroscs corrcsponcls in thc 
experimental callus material to a comparatively latc stage of hvaling. 
The quantitati\rc 1nicror:rtliogrwl)hS which has been carricd out  also 
supl)orts thc ohscrvation that  the avcragc lmnc salt concentration in 
thc mincraliscd structures of pscutlarthrosis tissuc corresponds to a 
stage lvhich displays a relatively high dcgrcc of mineralisation. 

D I S L 1 7 S S  I O N  

I n  clinical studics of thc. c;tuse\ of I)scwtlarthro\is grcnat i nk rc \ t  ha\ 
u\ually h e m  paid to the primary mcthods of fracturc trcatmcnt. Thi\  
is natural cnough, since, to iiicntion onc reawn alone, the anatomical 
result\ of thc method apl)licd can hc \tudicd dircctly in the clinical 
X-ray picturc. During the healing proce\s it is also cu\toniary to Ict 
the macroscopic X-ray picturc he decisiLe in the a\\r \ \nicnt of the 
callu\ dc\clopmcmt and it\ function. A \  prcviou\ly \hewn ( 3 ,  i ) ,  
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Fig .  ‘c. 
hlicroradiogram of a longitudinal section through the fracture region in a 4 monthh 
old femur fracture in the dog. The black area in  the centre represents the not yet 

mineralised pa r t  of the callus. Magnification 1 7  X. 

however, macroscopic X-ray pictures give incomplete information about 
the mineral salt contents of callus tissue. The present microradio- 
graphic investigation, has on the other hand, made it possible to analyse 
in detail thc distribution of mineral salt in pseudarthrosis tissue. 

A macroscopic X-ray picture is also liable to lead to an  assessment 
of fracture healing which is based solely on the degree of calcification; 
in this way non-union is interprcted as a defect in the mineralisation 
capacity as such. Consequently a vast number of experimental and 
clinical investigations have heen carried out with the aim of discovering 
some abnormality in the calcium or  phosphorus metabolism of healing 
fractures. No disturbance of these factors has, however, been revcaled, 
either in normal experimental animals or in normal persons on normal 
diet (for a survey, see ( 2 ) ) .  And Urist (8)  states that “The hurnoral 
source of bone salt is essential for the normal progress of healing.” 

Thus, if the humoral factors can he assumed to he normal, it remains 
to see how they act in the cnllus tissue. In thc building of this tissue 



interaction t:ilit\ placc bct\ic.cn the organic and the inorganic pha\cs, 
which conci\t of organic matrix anti the hone \alt re\pcctivcly. Os4iti- 
cation and calcification in normal embryonic and po\t-fctal boric, 

formation ha\ c hccn shown ( 1 ,  5 )  to  occur 1)rnctically \irnultancou\ly. 
This means, thertforc,, that  thc organic inatrix i\ ready to be mineral- 
iscd at thc \amc moincnt as it is formctl; and the \aiiic condition 
\voultl also swni to c.ti\t in thc building of cnllus ti\\uc. Thu\  Urisi  
& ;Cfc I , c m  ( 9 )  ha\(. found  through histological incc4tigation4 of 
tibia fracturcs in rat\  that  thc organic inatrix in the pc.riostcal c:111~1\ 
is calcified :a4 soon a \  it is formed. The saint’ authors a l w  \\rite ( 6 )  
tha t  “l‘hc proce\s of calcification of bone matrix in a healing f racturc 
also closely rcsemhlc\ that  of calcification of grow ing bonc”. Experi- 
mental data therefore indicate4 that  o\tcogencsi\ and mineralisation 
appear \iinultaneou\ly in norinal bone growth and fracturc healing 

Thus  B nccc\\:iry condition for the occurrence of pwutiarthrosis 14 

c\ itlently a disturbancc cithcr of thc organic or of the inorganic phaw 
o r  of  hoth siniultaneou\ly. In thc prewnt  in\ estigation it ha \  h c ~ w  
shonn that  the cli\tribution of rnincral salt in a pseutlarthrosis arca 
is aixilogous to the distrihution found in healing stage\ of cxperimcntal 
fractu re4 before mincralised structures ha \  c bridged thc fractu rc gap 
Thc inincrali\ation 1)attcrns ha\ e hcrn found to hc practically idrntical 
both in thcl fracturc cmdc and in thc 1)eriostcal and  thc intcrmc.rliatcly 
situated callus. A \  f a r  a \  thv pcudar thro \ i4  arca i \  conccrncd thi\ 
means that  normal interaction has taken placr bet\\ (.en the organic 
matrix and thc honc salt a t  thosc place\ where mincrali\ed \ tructurc\  
ha\ c hccn f o r m i d ,  that  is, up to  the lwudar thros is  gal). In thc hcaling 
fractur(’s \\hich ha \?  been uwd here a\ coinparati\c iriatcrial (71, it 
mu\ t  be a\sumcd that  thc organic inatrix is normally calcifiahle, since 
a normal healing sequence has occurrctl. ‘L’hu4, the non-mincralisetl 
arca in the frncturc gap, ~ h i c h  can hc sren in Fig. 1 contain5 normall> 
calc if ia 1 )  1 c , ( ) rg an ic 111 at r i x . 

In  iiiicroradiograin4 of c a s w  of  nun-union it i \  pos\ihlc also to s w  a 
c v n t ra I ,  n on - 111 in era I i s t d  :I r t  :i corrcs Iwnd i 11 g to th P 1)s cu d a r t h ro \ i 4 g :i I ) 
(Fig.  3 ) .  l‘hc organic matrix in this a r ~ a  ha\  ebidcntly not htcn mi- 
ncraliscd. Had o\teogcmcsi\ taken place normally, a \  it 4houltl accord- 
ing to thc precctling discu\sion, the proccs4 of calcification could ha \  c 
continued acre\\ thi\  arca as . ~ \ . c ~ l l .  The analogou4 di4tribution of mi- 
neral \alt in the callu\ in c a \ ~ ~  of non-union and of healing fracturc4 
indicatcs that  the 1oc:il mineralis:ition procc\\ ha\ not h e m  disturhcd. 
Thi4 “noriiial” wai  c o f  mincrulisation should, in othcr i iord\,  hc capahl<> 
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of spreading out  between the fracture ends, provided that i t  inects an 
organic matrix which is norinally calcifiable. It is evident that no such 
development takes place in cases of pseudarthrosis. The probable con- 
clusion can therefore be drawn that non-union is not connected with a 
primary disturbance of the mineralisation process, but with a change 
in the organic matrix, which diminishes or  prevents its calcifiability. 
Siinilar opinions as to the cause of pseudarthrosis have becn expressed 
by Knrcher ( 4 ) ,  who found approximately the same uptake of isotopes 
in expcrimental fractures and pseudarthroscs when using Ca45 and P32. 

From thew results he concluded that the local mineral salt contents 
was not affected in cither case. 

Further invcstigations, using biophysical methods, aim a t  studying 
the ultra-structure and change of mass of the organic phase during 
fracture healing, and its relation to  the mineral phase. 

s I‘ bI 1\1 A K Y 

Microradiographic investigations have been carried out on clinical 
cases of non-union of fractures. The distribution of mineral salt in the 
pseudarthrosis area is dcscribed in detail. A comparison between expcri- 
mental fractures and pscudarthroses revcals in both cases an  analogous 
distribution of mineral salt in the callus areas. This fact makcs it 
probable that non-union is not the result of a primary disturhance of 
the mineralisation process, but rather of a change in the organic matrix, 
which diminishes or  prevents its calcifiability. 

R E  S IT h l  E 

Dcs investigations inicroradiographiques ont  ktC pratiqu6es dans des 
cas cliniques de non-soudure tle fractures. La distribution du sel mink- 
ral d a m  la pseudarthrose est dkcritk en W a i l .  Une comparaison entre 
des fractures expkrimentales ct la  pseudarthrose rkvkle dans les deux 
cas une distribution analogue du sel minkral dans le cal. Ce fait rend 
probable clue la non-consolidation n’est pas le rksultat d’un trouble 
prirnairc du processus de minkralisation, inais plutat une altkration da 
la matihrc organique qui diniinue ou abolit son pouvoir de calcification. 

Z 1: S A 5r A1 E N F A  S S U N G 

Mikrorijntgenologischc Untersuchungen wurden an  klinischcn 
Fallen yon ungeheiltcn Briichcn ausgefiihrt. Die Vcrteilung von Mine- 



ral s a lzcn i 111 Ps cu d :irt h roscn gch i ctc w i rd i in I3 i n zc 1 n cn bcs ch r j (.hi. 1.: i ti 
Vcrglcich Z\I ischen expcrirncntcllcn Hriichen und Pscudarthrosen zcigt 
in beiclcn Fallcn cirie gleiehartigc Vcrteilung von Mincralsalzcn i in  
Kallusgehicte. Diesc l'atsachc inacht es wahrscheinlich, class Nicht- 
hcilung nicht das Ergchnis vincr Stijrung des primiiren Mincra1is:ition- 
prozesscs ist, sondcrn eher cincr Vcranderung der organischen Grund- 
suhstanz, wclchc dercn Fzhigkcit zur Kalkaufnarnc htrabsctzt oc1c.r 
v e rh i n d c r t . 
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