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Sometimes the irritative effect of metallic substances used in osteo- 
synthesis is apt to spoil the end-result of an otherwise successful opera- 
tion. Until the 1930’s surgeons appeared to be little interested in the 
coinposition of the plates, screws and nails used for osteosynthesis. 
They contended themselves with what was offered by the metallurgists. 
A brief review of the metals employed is given below. 

In 1911 Strauss & Marrer of the laboratories of the Krupp-Works ap- 
plied for a patent for a Cr-Ni-steel alloy, which had fortuitously been 
found to be very resistant to corrosion. This alloy was improved upon 
and when placed on the market its approximate composition was 
18 % .Cr, 8 % Ni, and the rest Fe, so-called 18-8 steel. In 1913 Brearley 
in England discovered the high resistance of pure Cr-steel to oxida- 
tion, and in 1915 he applied for a patent for this composition. Most 
of the Cr-steels afterwards contained about 13-14 % Cr. In 1922 Strauss 
of the Krupp-Works found an addition of 2-4 % Mo to increase the 
resistance of the Cr-Ni-steels to acids and the Krupp-Works applied 
for a patent the same year. It was soon discovered that all steels could 
be made more resistant to corrosion by keeping the C-content below 
0.07 %. Owing to technical difficulties in the manufacture of such 
alloys, however, it was not until some years later that they were manu- 
factured on a large scale and thereby made available for a wide range 
of purposes. In the end of the 1920’s Cr-Ni-Mo-steel was tried in the 
cellulose-industry. But it was not until the 1930’s that the acid-fast, 
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stainless steel alloys could be made malleable and thereby suitahle for 
a wide variety of purposes. 

In Great Britain and the U.S.A. metallurgists focused interest on 
alloys for osteosynthesis as  early as  the end of the 1930’s (Venable & 
Stuck 1938).  In Great Britain all ferriferous material for osteosynthesis 
has during recent years been of standard composition, namely 18 % Cr, 
8 % Ni, 2.75 ’% Mo. During the last 2 or 3 decades vitallium (65 5% Co, 
30 % Cr and 5 % Mo) has  also been used widely in bone surgery. Fin- 
ally, the extremely non-corrosive element titanium has lately been in- 
troduced in surgery by Ltwenthal (1951, 1957) .  

The desirable qualities of the above-mentioned alloys, especially of 
the so-called stainless steels, a re  due not only to  the low electro-affinity 
of the incorporated elements hut  also to the finish of the surface which 
reduces the affinity. It is believed that  this procedure results in the 
formation of an extremely thin protective oxide film (Kalling & Lilje- 
kuist 1948).  Stainless steel material for osteosynthesis is surface-treated 
by polishing and vitallium by scraping or sand-blasting. Pure Cr-steel 
has certain excellent physical properties, particularly malleability. As 
mentioned in the report of the “Metallnormkomniitti.n” in 1948, how- 
ever, it should not be used for purposes requiring highly non-corrosive 
material. 

Hjiirdis Jiirgensen (1941) made a detailed study of the irritative ef- 
fect of osteosynthesis material on the tissues of animals. She found 
that the alloys, used in the first decade of the century, such as  soft 
steel and bronze-aluminium, were much more irritating than the stain- 
less 18-8-stee1, which came into vogue in the 1930’s. A s  spokesmen of 
the subcommittee for screws and plates Venable & Stuck (1948) pre- 
sented a report on extensive investigations carried out in 1941-1947. 
According to their report, of the alloys fulfilling the requirements of a 
satisfactory material for the manufacture of screws and plates for sur- 
gical purposes, 18-8 Mo-steel and vitallium were the ones most widely 
used. Bowden, Will iamson & Lning (1955) ,  and Laing (1958) have 
shown that  such screws and plates are apt to be damaged by the tools 
used for fastening them to the bone. Minute particles can be torn off 
and deposited on the surface of the plate or the screw. Bowden ,et al. 
found the surface of a plate damaged in this way to be the later site of 
corrosion in vitro and tried to explain the phenomenon on physical 
grounds. Such corrosion could also be demonstrated in animal experi- 
ments. Cfurke & Hickman (1953) and Hickman, Clarke & J,enninys 
( 1958) found the irritative effect of an  alloy on the tissues to  decrease 
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with increasing back-electromotive force of the metal or alloy. A t  a 
symposium of the Section of Orthopaedic Surgery, Koyal Society of' 
Medicine, held in May 1957 (Hicks 1957, McKee 1957, Zarek 1957) con- 
ventional Cr-steel was condemned as  a material for osteosynthesis. A s  
pointed out above, the "Metallnormkommittbn" in Sweden concluded 
that Cr-steel should not be used when high demands are  placed on anti- 
corrosion properties. All of the investigations referred to  above have 
shown that both 18-&steel (especially 18-8-2.5) and vitallium are  ex- 
cellent materials for screw% and plates. Vitalliuni is less irritative. hut 
stainless steel is stronger. 

In Sweden these British and American investigations appear to  have 
p:issed unnoticed until recent years. W e  have therefore used imported 
and Swedish material as well as Cr-steel for osteosynthesis. 

EnznPus (1957) and Hicks ( 1958) were able to demonstrate aseptic 
inflammation of' the soft tissues around metals used for osteosynthesis. 
They interpreted this reaction as an  electrolytic inflammation. This 
prompted Emnkus & Petersen ( 1958) to study the electrophysical pro- 
perties of alloys used for osteosynthesis. They found among other 
things that the hardness o f  the vitallium plate varied from one part of 
the plate to another ( range 32-18 K c  (Rockwell units) j .  Between such 
parts a difference of 0.15 to 0.20 V and of a few nid could be denion- 
strated. l'hc paris were soon polarized, hut could be readily depolarized 
hy rinsing. It is tempting to assume that the potential difference was 
due to differences in hardness. In a vascularized, biological tissue the 
conditions present permit rinsing of the electrodes, which implies that 
the tissue may he irritated hy an  electrolytic process. EmnCus & Peter- 
sen also found that cold-drawn 18-8 steel, i.e. Cr-Ni-steel without Mo, 
has undesirable properties long known to metallurgists. In surgery the 
steel is cold-drawn on application of a cerclage (r ing)  when the twisted 
or  screwed part of the cerclage becomes harder and electrolytically 
active in relation to the undrawn part  (EmnCus & Petersen 1958). 

H I 0  L O  G I C A 1, T E  S T S 

One might imagine deposition of metal appliances in the living tissue 
to he able to cause the following types of irritation. 

1. Trauniatic, operative effect.--Surgical intervention may iead to 
the death of groups of cells with subsequent cicatrization. Fixation of 
the plates. screws or rings is also attended by traumatization varying in 
severity from case to case. 
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2. Mechanical irritation.-A screw might be passed right through a 
sharp bone so that its tip abuts a tendon or an articular surface. In- 
dependent of the composition of the screw, use of the limb will result 
in irritation of the tissue. The same situation arises if a screw or nail 
for osteosynthesis has lost its erip in the bone so that  the fracture 
ends rub against one another. The screw will then wobble and press 
alternately against either side of the marrow cavity. The walls of the 
cavity atrophies with so-called pressure-atrophy as  a result. 

3. Toxic irritation.-If the body-fluids dissolve metal from the alloy 
and the products thus formed contain ions toxic to the tissue, irritation 
will result. 

4. Elecfrolytic inffammafion.-This is closely related to the toxic 
irritation, but the dissolution of the metals is due to differences in 
electrolytic pressures. For example, the presence of two metals in con- 
tact with each other results in electrolysis and consequent inflamnia- 
tion. However, electrolysis might also be due to differences in structure 
within one single piece of an  alloy. 

5. Oligodynamic effect.- The foreign substance, without going into 
solution, should exert an effect. possibly by acting as n catalyst, on the 
life of nearby cells. 

6. Cancqogenic effect.-It is known that foils of certain metals and 
alloys, as gold, silver, platinum, vitallium and stainless steel can induce 
sarcoma in rats, mice and hamsters (Schinz 1942, Oppenheimer, Dani- 
shefsky & Stout 1956, Alexander & Horning 1959, Kaplan 1959. and 
others). No such effect has been seen in hens (Oberling 1959 j .  Experi- 
ence suggests that there is no such cancerogenic effect in man. 

In any biological investigation of the irritative effect of different 
metals or  alloys the above mentioned points must be considered. The 
significance of points 1 and 2 can he reduced appreciably by the use of 
a suitable technique. The oligodynainic effect. point 5, is not properly 
understood. The cancerogenic effect is, of course, a n  important proh- 
lein, hut it lies beyond the scoope of the present investigation. In addi- 
tion, it is probably of no  significance to the present experiments de- 
scribed below for the following three reasons : the experimental animals 
were hens, the experimental period W ~ S  short, and the piece o f  inetnl 
deposited was small. 

The reactions of greatest interest in this investigation are  toxic irrita- 
tion and electroIytic inflammation. From a practical point of view i t  
is of less importance what role is played by these two factors separately, 
the important thing is their total effect. 
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It is clear from the preceeding paragraphs that  several inaterials used 
for osteosynthesis are unsuitable and can give rise to aseptic inflamma- 
tion. The underlying mechanism of this undesired reaction is not pro- 
perly understood, although some investigations suggest that it might be 
of electrolytic nature. Below a n  account is given of the results obtained 
in a n  experimental histological study of the  irritatirte e f fect  of dif ferent 
metals and alloys on  soft  tissiiie in animals,  a l ink in  a n  investigation 
by one of 11s ( H .  E . )  o n  the aseptic i n f lammat ion  accompanying metal 
os t e 0s y n f h es i s .  

M A T E R I A L  A N D  M E T H O D S  

With  reference to what is said above under  Hiological Tests, chickens were se- 
lected as  experimental animals.  Wi th  the  a id  of a long, thin knife the  test material  
was deposited in the  musculature close to the bone on either side of the pecten 
carinatus. The conditions in this richly vascularized tissue provide possihilities 
for  electrodes to be  rinsed. The mechanical and traumatic operative irri tation is 
minimal.  The only imaginable equally good site in the r a t  o r  rabbit  would he 
between processus spinosi and  mm. erectores trunchi or between ala ossis ilei and 
mm. glutaei. The possibility of producing operative t raumata  of  varying severity 
with a varying amount of scar tissue would, however, be much greater by such a 
method. The  disadvantage of fowls  is tha t  they probably differ biologically f rom 
m a n  more than  do small mammal ia  such a s  ra t s  and  mice. On the o ther  hand, the  
cancerogenic effect in ra t s  and mice might complicate interpretation of the findings. 

The test material  consisted of 1-2 cm. long rods or wires or, in some g r o u p ,  rods 
welded together. The  composition and  appearance of t he  test material  used in the 
different experimental groups a re  given in Tables 1 and 2. The test b i t s  were made 
(H.E.) f rom commercially available mater ia l  and  under the  guidance of docent 
Petersen a t  the  department of Medical Physics of t he  Insti tute of Physiology, Lund. 
Surface t rea tment  of the  material  was  also done there. In some groups welded 
specimens were used. These test h i t s  were prepared hy  spot-welding for less than  
1 second, which implies tha t  no gas was used and tha t  the  fragments were only stuck 
together. In view of t he  purposc of the experiment, this appeared t o  be the  best 
method for  uniting the  b i t s  of t he  metals. 

As mentioned, a piece of test material  was  placed on either side of the carina 
so t ha t  every chicken represented two experiments. The number of experiments in 
each experimental  group is given in Table 3. The test material  was  deposited in 
12-week old chickens. The chickens were kept in open-air pens in the roun’trj-. They 
appeared to do well and showed no  symptoms of any  side-effects of the operation. 
They were killed 3 months  after deposition of t he  test material. The carina with 
surrounding musculature was  removed. The  test material  was removed en bloc 
with the  surrounding soft tissue and  fixed in 10 per cent formol. The  experimental 
material  was then handed over to  the  o ther  of us (FA).  

The  material  deposited was  carefully dissected f rom the surrounding, fixed tissue. 
The t issue was  carefully inspected. Inspection wi th  the naked eye sometimes re- 
vealed distinct changes in the  form of rust-like lumps. Thew were always seen in 



320 H A N S  EMNET’S and I’NNE STENRAM 

the  angle between two SpOt -welded rods .  They C(Jll1d not he dissected f rom the test- 
material  wi thout  heing separated from the rest of the  tissue. This material  was  
emhedded separately in paraffin,  sectioned and stained. In Table 2 th i s  material  
is given under the heading “Gross lumps. Turnh. pos” (see also Figs. 7 and 8).  The 
rest of the  tissue round the  material deposit could he dissected en hloc. The  dissected 
material consisted of tissue fragments 2-3 cm. long, 1--2 cm. wide and  W-1  cm. thick. 
I t  was  emhedded in paraffin and sectioned at 2 different levels, i.a. at one end of 
t he  specimen and  in the  middle of t he  specimen, and  in both cases a t  right angles 
t o  t he  longitudinal axis of the  test material that  h a d  hecn removed. In some cases 
a reaction was  observed in a small region with thc naked eye, and then care w a s  
taken to include such change in the sections. 

Sections from hoth levels were stained with Htx-eosin, Htx-van Gieson and  ac- 
cording to  the  Turnhul l  blue-methoti fo r  iron (Roirieis, 1948, 9 12041. Tests for  for- 
mal in  pigment were performed in some experiments according to  Homeis, 1948, § 274. 
For each specimen, i.e. half of the  animal,  t h e  results were noted in tahular  form, 
in the  same way a s  in Tahle 2, f rom 0 t o  +$#++. “Collagenous fibers” is  to  he 
understood as the  amount  of eollagcnous fihers. formed around the  test-material. 
“Lymph. giant cells” gives the  amount  of lymphocytes and giant cells ohserved. The  
following columns give the amount  of “pigment”. Turnbull  positive and  negative, 
phagocytized and  non-phagocytized, tha t  was  found on microscopic examination. 
The  reaction was  not always equally pronounced along the  entire length of the  test- 
material. This  holds specially fo r  t he  ahove mentioned iumps along the  welded rods. 
I n  such cases only the most pronounced reaction was  recorded in the  tahle. The 
las t  column in Tahle 2 gives the  macroscopically visihle rust-like lumps  (see ahove). 
All of them proved Turnhull-positive. The findings a r e  i l lustrated in the  Figs. 

At the  t ime of t he  histological examination the  examiner was  not aware  of the  
type of material  t ha t  had been deposited i n  t he  individual animals.  Not until  after-  
wards  were the  findings recorded in the  experimental protocol and  the  results trans- 
ferred to Table 2 which gives the  mean reaction of each experimental group. In  the  
table +(+) implies t ha t  t h e  mean reaction for the  group lay between + and ++. 
In  none of the  an imals  were the  findings recorded a s  +(+), but only in whole 
units. The  range of variation in each group was  very narrow. 

The  following experiments not included in the  tables were  also performed. 
P la t inum wires were deposited in the way described, bu t  t he  an imals  were killed 
a f te r  1 , 2 , 3 , 4 , 6 , 7 , 1 0 , 1 1  and  1 2  weeks. One an imal  t hus  comprising two experiments 
was  killed a t  each of the  ahove intervals. The animal  killed a f te r  3 months  is  in- 
cluded in Tahle 2. 

$ 

R E S U L T S  A N D  D I S C U S S I O N  

The experiments described in the last paragraph of Material and 
Methods gave the following results. After one week Turnbull-positive 
pigment occurred around the inserted material, a reaction that was 
quantitatively recorded as + + (cf. below and Figs. 1-51. This reac- 
tion diminished gradually with time. Between 6 and 11 weeks there was 
a very slight reaction in the form of a Turnbull-positive pigment in 
about half of the ewneriments. After 3 months no pigment a t  all could 
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be demonstrated. The reaction in the form of fihrosis and inflammatory 
cells was slight the whole time. 

This experiment thus shows that the first few weeks after deposition 
of even such an inert material as platinum Turnbull blue positive ma- 
terial appears in the tissue. This is most probably an unspecific pheno- 
menon due to bleeding during operation. This reaction gradually dis- 
appeared within 3 months. The experiments are, however, too few to 
exclude the possibility of this reaction being capable of persisting 
longer. The purpose was, however, only to show that at three months 
this reaction was most likely insignificant. 

TABLE 1 
Survey of material. 

Ilesigna- 
tion in 
table 2 

Composition ~ Shape 
I 

A 

B 

C 

D 

E 

F 

G 

H 

c 

Do., coldworked, “cerclage”. c3m 
Cr-steel. 17.5 70 Cr, 0.07-0.08 9’0 C, the rest Fe. 
“Avesta Jernverks AB” 249 M. 

Vitallium, hard. 62 70 Co, 3oq0 Cr, 5 70 Mo. Hard- 
ness 34-38 Rc = 334-363 Brinell. “Dental AB”. 

Stainless steel wire, unworked, 18 9’0 Cr, 9 9’0 Ni, 
0.04-0.10 70 C, the rest Fe. “Sandvikens Jernverks 
AB” 2 R 2. 

- 
,-, 

Vitallium, soft. 52 70 Cu, 28 9’0 Ni, 19 70 Cr, 0.5 70 

Titanium. > 99.8 70 Ti. “Avesta Jernverks AB” 0 
A Ti - 24. 

Platinum. “Heraeus Hanau”. 

Contracid. 61 % Ni, 19.5 % Fe, 15 % Cr, 2.5 % Mo, 
2 % Mn. “Heraeus Hanau”. 

- 
Mo. Hardness 131 Brinell. “Dental AB”. 

c 
(- 

The results of the main experiments are summarized in Table 2 
(for explanation see Material and Methods) and are illustrated in 
the Figs. 

In all of the experiments a reaction was observed around the depo- 
sited material in the form of a usually thin capsule of collagenous fibers 
(Figs. 1 and 3). The capsule was, as a rule, poor in cells. The cells 
observed were mainly lymphocytes, giant cells and phagocytes. Only 
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Fiqs .  5-6. 

F i g .  5 .  Detail ( i f  Fig. 2. In t o p  left hand corner are lymphocytes;  t ( i  the right, phago- 
cytes with Turnbull-positive substancc (black in reproduction) and intermediate 
bands of collagenous fibers. X 230.-Fig.  6. Detail o f  narrow connectivc tissue band  
in  right upper corner in Fig. 4. Naturally black Turnbull-negative substance in 

phagocytes. X 760. 

very few fibrocytes, fibroblasts and polymorphonuclear leucocytes were 
observed and were therefore not included in the table. The greatest 
difference was seen in the amount of pigmented material. It was some- 
times Turnbull-positive, sometimes Turnbull-negative. Figs. 3-8 illu- 
strate the variation in the amount of pigmented material and how it 
was estimated. 

In some experiments (Nos. 5, 11 and 18) no pigment deposits were 
observed. But the experimental groups were relatively small, and the 
tissue around the test material was not studied in serial sections, but 
only a t  2 different levels, so that  it is hardly possible. to exclude the 
presence of any pigment a t  all. 

The difference between these groups and those groups ( 1 ,  2, 4, 6, 7, 
12. 13, 14, 15, 16, 1 7  and 1 9 ) .  in which pig~nented material was observed 
and given i n  Table 2 :is 4- or + ) was small ( s e e  Figs. 1 and 6 ) .  I t  is 
therefore not I)ossiblc to  say, which of these inaterials was more or less 
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7 8 
Figs.  7-8. 

Fiq. 7. S a m e  a n i m a l  a s  in r igs .  1, 2 a n d  5. Sect ion through macroscopically ubserved 
rust- l ike lump, clissc~cted f r o m  angle  hetween rods. Heaction judged as gross lumps 
+ + +. Sta ined  according t o  t h e  T u r n h u l l  h lue  method.  Nearly a l l  mater ia l  Turn- 
hull -pnsi t i rc .  X 14,s. -Pi</. 8 .  Srctiiin ad jacent  t h a t  s h o w n  i n  Fig. 7. F'art o f  the 

m a t c r i a l  appcarcd t o  consis t  of crystals .  IJnstained.  X 760. 

irritatixe. In two of the cases the test material consisted of melded rods, 
i n  one of which (cxperiment 2 )  the rods wcre of the same material 
(18-%wire). i n  the other (experiment 23) the  rods wcrc made of soft  
and hard \ i tal l ium. In the other experiments (1 ,  7 ,  11, 12, 14, 15, 16, 
15, 18 and 19) the material deposited was a single rod or wire, though 
it had in some cases heen cold-drawn (cerclage, experiment -1, 5 and 6 ) .  

The presence or ahsence of any reaction in the form of phagocytized 
pigment on deposition of these metals and alloys may to a certain ex- 
tent he dependent on the surface treatment.  Seyfar th  & Voigt (1955) 
thus reported that  deposition of infer  alin gold and platinum isepa- 
rntely) was followed by the deposition of pigment in the  tissues. A s  
mentioned. in the present investigation no such deposition was found 
in the experiment with platinum (experiment 18). Seyfartlz & V o i g f ,  
however, mentioned that  they had scratched the surface of their ma- 
terial \vith :i \tee1 file ( perwnal  communication) in  order to  augment 
the surface between the tlcpositcd material and the tissue. Such surface 
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treatment might have caused an activation of the material with dif- 
ferent electrolytic pressure in different regions of one and the same 
preparation as a consequence. This might have facilitated ionization. 
Another possibility that  must be considered is that the pigment ob- 
served by Seyfnr th  & Voigt might have been due to minute particles 
that had been partly torn off by the steel file and that had gradually 
loosened. In the present experiments we usually tried the opposite way. 
The surfaces were pickled, polished o r  sandblasted in order to secure 
as inert a material as possible. 

A different and very pronounced deposition of pigment was noted in 
experiments 3, 8, 9 and 10 (see Tables and figures). Common to these 
experiments was that the experimental object had consisted of two 
welded rods. In experiments 3. 9 and 10, rods of relatively different 
material were used (see Tables 1 and 2 )  to exemplify a procedure 
known to be unsuitable. Experiments of this type are, however, not 
unjustified, because clinical cases have shown that in osteosynthesis 
different metals and alloys are  still used in contact with one another. 

It is clear from experiment 7 that although the properties of Cr-steel 
are  inadequate for osteosynthesis, deposition of a single rod does not 
cause such a serious reaction as two welded Cr-stecl rods (experiment 
8 ) .  In surgical practice, where a certain cold processing with the same 
material is more or less the rule, Cr-steel should be avoided. 

In most of the present experiments the material was not handled 
during application as is the case in osteosynthesis. The results can 
therefore not be explained by the transfer of metal from the tool to the 
plate etc., demonstrated by Bowden, Williamson & Laing. Exceptions to 
this rule, however, are experiments 1, 4 and 18, in which the test mate- 
rial was not subjected to surface treatment after its manufacture. Thus 
the difference in  the results between experiments 4 and 5 may be due to 
transfer of metal from the tools to the test material (see Table 2 ) .  

Experiments 4 , 5  and 6 are of particular interest to Swedish surgeons, 
cerclage often being used for osteosynthesis in Sweden but not in Great 
Britain o r  the U S A .  As mentioned, cold treatment of 18-&steel has  
the disadvantageous effect that  the cold-worked part becomes electro- 
lytically active compared with the undrawn part  ( E m n t u s  & Pctersleri 
1958).  It is clear from Table 2 that the reaction of the tissues also ap- 
peared to  be more unfavourable in experiment 4 than in experiment 1, 
though the difference is too sinall to he considered significant. 

Titanium vas tested. The series was small, but it appears that un- 
worked titanium is not more irritative than vitalliuin and unworked 
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18-8-steel. This result is also in agreement with Leu,enfhal’s (1957) 
clinical experience with titanium. 

In most of the experiments pigment was seen in the tissues under 
the microscope. A s  mentioned, it was sometimes phagocytized, some- 
times extracellular. Some of the pigment appeared yellow-brown in 
unstained sections. It proved Turnbull-positive. The extracellular pig- 
ment had, at  least sometimes, the appearance of almost colourless 
crystals (Fig. 8 ) .  It was always Turnbull-positive. The phagocytized 
and non-phagocytized Turnbull-negative pigment (see Figs. 4 and 6)  
found in some experimental groups was black or dark in unstained 
sections. The phagocytized Turnbull-positive and -negative pigment 
was finely granular (Figs. 5 and 6 ) .  

It appears probable that the pigment that stained positive with the 
Turnbull blue method consisted, at  least in part, of ionized iron. It is 
tempting to assume that this iron emanated from the deposited test 
material, which usually contained iron. ( I t  should be observed that 
vitallium can also contain iron, about 0.5 %, as a contamination). 
However, w6en Fe-pigment is  found in a biological tissue it is difficult 
to exclude the possibility of the iron emanating from the living tissue. 
One might, of course, imagine iron to be accumulated or transferred to 
more readily observable form around the deposited material because 
of some irritation, such as bleeding in association with operation. Two 
factors, however, argue against this possibility. To begin with, on 
special investigation with a platinum wire (cf. above) a Turnbull-posi- 
tive pigment could be demonstrated only during the first few weeks 
after deposition of the wire and after 3 months no pigment at all could 
be demonstrated. Secondly, on deposition of Fe-free material a reaction 
often occurred in the form of a Turnbull-negative pigment. It appears 
reasonable to assume that in the latter case the pigment did not contain 
iron but titanium or elements of vitallium (Co,  Cr, Mo) . The possibility 
of Fe compounds not giving a Turnbull-positive reaction must also be 
considered. One might also imagine that the Turnbull-negative pigment 
is an artefact, so-called formalin pigment, occurring on fixation of the 
tissue. Formalin pigment can, however, be dissolved out (Romeis 1948, 
5 274) .  In all cases in which Turnbull-negative pigment was demon- 
strated, sections were treated in such a way. The pigment was not dis- 
solved out. The Turnbull-negative pigment observed was therefore most 
probably not a formalin pigment. Further investigations are being per- 
formed on the nature of the pigments (EmnPus, Sf,enrcrrn & Baecklund, 
in press). 
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In view of the remarks set forth above it appears probable that all 
or almost all of the pigment demonstrated in the tissues in our experi- 
ments came from the test material. At least in those cases in which 
appreciable amounts of pigment were demonstrated (experiments 3, 
8, 9 and l o ) ,  it had probably been dissolved electrolytically. It was in 
these experiments that material (Cr-steel) known to be less resistant 
to corrosion was used. In experiments 1 and 4, where only a minute 
amount of pigment was demonstrated in the tissue and where the test 
material had not been surface treated, it is possible that minute par- 
ticles from the tools might have been to a certain extent responsible. 

S IT M M A R Y 

Different metals and alloys in the form of small, usually surface- 
treated rods were deposited in the musculature on either side of the 
carina in chickens. In some cases 2 rods welded together were inserted. 
Three months later the animals were killed and the tissue around the 
rods was examined histologically. Deposition of one metal or alloy 
produced extremely slight inflammatory reaction of the surrounding 
tissue. In some cases minute accumulations of pigment in the tissue 
were observed. On insertion of two rods welded together a sometimes 
appreciable amount of pigment was observed around the material. This 
might be explained by an electrolytic dissolution of metal from the 
deposited material. 

R E S U M E  

DiffCrents mCtaux et alliages sous forme de petites tiges dont la 
surface a CtC traitbe selon les procCdCs habituels ont C t C  dCposCs dans 
la musculature sur l’un ou l’autre cBtC du c a r h e  de poulets. Dans 
certains cas, deux tiges soudCes ensemble furent insCrCes. Trois mois 
plus tard, les animaux furent sacrifids et les tissu autour des tiges 
examink histologiquement. La dkposition d’un mCtal ou d’un alliage 
produit une trbs 1Cgere rCaction inflammatoire du tissu environnant. 
Dans certains cas une faible accumulation de pigments dans le tissu 
a C t C  observke. A I’insertion de deux tiges de mktaux ou d’alliages 
soudCes ensemble, une quantitC parfois apprkciahle de pigment a CtC 
observCe autour de la substance. Ceci peut s’expliquer par la dissolution 
Clectrolytique du metal de la substance dkposCe. 
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Z IT S A hl hl E h’ F A S S IT N G 

Verschiedene Metalle und Legierungen in der Form yon kleinen, 
gewohnlich oberflachenbehandelten Stiiben wurden in die Muskulatur 
an beiden Seiten der Carina von jungen Hiihnern eingelegt. In  einigen 
Fallen wurden zwei zusaminengeschweisste Stabe angebracht. Die Tiere 
wurden 3 Monate spater getotet und das die Stabe umgebende Gewebe 
wurde histologisch untersucht. Versenkung eines Metalls oder einer 
Legierung rief eine ausserst leichte entziindliche Reaktion des umge- 
benden Gewebes hervor. In einigen Fallen wurden miniinale Ansanim- 
lungen von Pigment im Gewebe hernerkt. Bei der Anbringung von zwei 
zusammenschweissten Staben wurde eine manchmal ganz erhebliche 
Menge von Pigment in  der Umgebung des Materiales wahrgenommen. 
Dies kann durch eine elektrolytische Aufliisung von Metal1 aus dem ver- 
senkten Materiale erklart werden. 
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