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The radiographic characteristics of what is generally called 
“atrophy of bone“= caught the interest of Xudeck, who made the 
picture more widely known. 

He mas the first to describe this picture exhaustively and he 
tried to interpret the underlying physiopathological processes 
of the disease. Budec7c’s classical verbal portrait of acute atrophy 
of bone still holds good. In  the acute stage of the disease the 
radiograph is characterized by a cloudy and patchy appearance 
of the bone and by small nest-like rarefactions. When the process 
reaches a more or less chronic stage, the picture is characterized 
by numerically reduced, rarefied trabeculae and a cortex of dim- 
inished thickness. 

As far as the underlying physiopathological processes are 
concerned, old conceptions have of late years been abandoned 
and replaced by a newer idea, according to which the process is 
considered to be the expression of a rapid remodelling of bone, 
which process in the acute stages does not differ in principle 
from that of normal bone ( R a w  1933, ~Sudeck 1938, etc.). This 

* As the changes referred to in this paper are generally known under 
the name of uacute atrophy of bone”, this designation has been retained, 
nlthough on account of the nature of the processes, it is  not an adequate 
term. 
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iiieans tlia t there is geiieral accordtiiice in opinion on the pro- 
bably cwriwt pathogeiietic H ~ I  pliysiopathologic causes of the 
changes. So geiiei*al or  acceptable explaiiation has howeyer yet 
been produced as to horn the matornopathological changes give 
the radiograph its typical appearance, especially its cloudiness 
aiid patchiness. This probleiii was first dealt with by KieiibOc7c 
(1901), who beliered the above cliaracte~istics to Be due to a 
rapid laciuiar resorption of bone a i d  especially of lime salts 
deposited in the bone meshes. 

FrkdZ aiid Sdiiiic assail this exp1;iiiatioii on the grounds that 
the concenti-atioii of bone salts in the soft parts is insufficient 
to produce such a picture, and give iiistead thereof, a hypothesis 
according to which they ascribe to the bone a certain Bucky- 
effect, whereby the trabeculae serve a s  a sort of a secondary 
screeii. They go on to contend that as the bone trabeculae are 
either completely destroyed or a t  least reduced in thickness by 
acute atrophy, the secondary radiation will be modified and give 
rise to a cloudy radiograph. 

A third explanation is that suggested by Lach)mtzn and 
Wheluw. These authors have found that the radiogmph will be 
cloudy not only after decalcification but also after maceration, 
and they have tried experimentally to disprove earlier theories. 
They successfully decalcified bone models in acids and followed 
the development thereof radiographically ; the result was a pic- 
ture very much like that of atrophy of bone. Various bones were 
examined and by paraffinning the cortex or the spongiosa of 
shaft bones and simultaneously decalcifying the non-paraffinned 
part of the bone, they tried to form a conception of the impor- 
tance of bone structure i.e., the structure of the  cortex and the 
spongiosa, with regard to the cloudiness and patchiness of the 
radiograph. These experiment8 showed inter alia that an average 
decrease of 15-20 per cent of the bone salts was necessary for 
any difference a t  all to be discernible in the radiograph. The 
above authors try to  explain this phenomenon in a rather simple 
manner by regarding the radiograph as a picture of the entire 
structural material of the bone. They argue that if changes in 
the bone are due to atrophy, the trabeculae will be decalcified 
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in varying degree i.e., slight decalcification up to total destruc- 
tion, and as the radiograph is a reflection of the sum of the 
trabeculae, a better defined picture than that of normal bone 
cannot be expected in cases of atrophy. They assert that the 
patchiness is to be ascribed to different degrees of decalcification 
in various parts of the bone. Jaffe and Pomtn&*an,- suggest that 
the patchiness is due to a gradual formation of new bone and 
consider the rarefaction dots to be the nianifestation of cortical 
canals widened by per iva scular resorption. 

Sucleclc dealt with this probleiii in 1938. He niaintains that 
the radiograph shows destructive chaiiges duking the remodelling 
period of the bone until the osteoid is recalcified, whereas the 
repair or formation products, as long as they consist of osteoid 
tissue, a t  most tend to render the picture cloudy or make the 
bone contour “woolly”. The patchiness observable in the radio- 
graph during the remodelling period is indicative of a very rapid 
destruction indeed; if however, the process is somewhat slower, 
the cloudiness of the picture will be more diffuse and even, and 
thu$ indicate a more uniform remodelling process. Thus, aceord- 
ing to this theory, the cloudiness is to be attributed to the 
osteoid substance in the bone being remodelled. 

Other writers touching this problem in some way or another 
are Hsrfart and Beck, (1925), who more or less advocate Kien- 
bock’s opinion. In 1917 Malitcia expressed the view that the radio- 
graphic picture of acute atrophy of bone is evidence of a 
transitional excitation stage prior to actual atrophy, but he 
gives no detailed account of the reasons for his belief. B a a ~ b u p  
believes the patchiness to be attributed to  the rarefaction of 
bone, the zones being the reflection of the ramified ends of blood 
canals. According to King, local oedema and a swelling of the 
soft parts as well as the concentration of salts deposited in 
same, are essentialities for the cloudiness of the radiograph. 

The above investigations are, to the knowledge of the present 
writer, the only attempts made to solye the problem under 
discussion. 

In 1940 the writer published a preliminary essay in which 
he tried to explain the causes of the arisal of the cloudiness in 
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the radiograph of sub-acute atrophy of bone. He underlined the 
significaiice of the nutritional diffeyence between the Haversian 
qstems and the interstitial larnellae. The IIaversian systems are 
better nourished than the interstitial lamellae (Langer) for 
which reason the former will be more exposed to possible 
circulation disturbances with consequential physicochemical 
changes than will the latter, and as these changes are believed 
to be the cause of acute atrophy of bone, it is obvious that a 
differential decalcification of bone is possible, the better nour- 
ished Haversian systems being influenced-remoclelled or de- 
calcified-both quicker and to a higher degree than the rela- 
tively ill-nourished, interstitial lamella& This means that the 
latter-in virtue of their higher calcic density-will contrast 
with those zones that have a more generous blood supply, espe. 
ciallj the zones of the IIarersian systems. As a consequence of 
this, the bone might be espected to exhibit adjoining zones of 
differential calcic deusity. These zones, however, are of such a 
small order of magnitnclel that they cannot be projected sepa- 
rately on the relatively course-grained X-ray film. 

The sum of all these zones of varying calcic density together 
with the inability of the Roentgen film to reflect same separately, 
might be a plausible explanation for the radiographic cloudiness. 
When the remodelling and decalcification processes have ad- 
vanced sufficiently for the calcium content of the bone again 
to be homogeneous, the cloudiness will disappear and leave 
behind a picture, characterized by relatively thin and sharply 
defined, comparatively sparse trabeculae and a cortex of dimi- 
nished thickness (chronic atrophy). 

As mentioned in previous papers the present writer based 
his hypothesis on earlier well known facts. 

1. The fractional bone necrosis described by Afulkr and con- 
firmed inter alia by Jaffe and Pomnzerans, who had observed in 
an anemic and ischemic but otherwise vital bone, a local necrosis 
of the interstitial lamellae.’ 

‘According to Ja j fe  (1929) the Haversian canals in normal bone have 

In 1939 J a f f e  published an in\-estigation of a case of acute atrophy 
an average diameter of 50 microns. 
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2. Some plienonieiia seeiii indirectly to speak in favour of 
the cloudiness and patchiness of the radiograph being clue to 
a certain extent to the bone structure. I n  sites of plesiforin boiie 
there is never any cloudiness 013 patchiness, e.g. children under 
school age, and attachiiieiit areas of bullq muscles and the 
insertions of tendons. 

As a means of ascertaining tlie possible esisteiice of the above 
supposed differential calcic density \\-ithin various arem of the 
atrophic bone, tlie .writer piwiousl1 proposed spectroscopic 
measurement aiid light absorption determinations 011 ground 
disks taken from atrophic bone. The present crisis has however. 
made it inipossible to realize this proposal? The writer has 
therefore now tried to fiiicl another solution to tlie probleni of 
the radiograph of acute atrophF of bone and in this paper he 
will try to describe his esperinients niid the results he obtained. 

Reiwrks ori p tw io t i s  iriLiesti!/ntiorrs atid i7ieorics ns r w l l  IIX 

p o p o s i t i m s .  

The abore mentioaed theories of the radiograph of acute 
atrophy of bone may be divided substaiitinllj- into three groups : 

I. That in which it is assumed that the cloiidiiiess is clue to 
the effect of lime salts-possibl;r- dissolved-and possibly to- 
gether ait l i  tile changes iii the trabeculae themselves (liieribock'i . 

11. That in ahich only OF iiiainlg those changes localized to 
the trabeculae play tlie decisive part, possiblr in association 
with clinnges i l l  tlie soft parts ontsitle the bone, oetle~i;~, for 
esa niple. 

of bone in which lie observed i i  widening ~ n t l  ti rediictian of the Haversiiiii 
systems and n few sprinkled signs of R partial necrosis in the interstitial 
lamellse. 

Accordiug to a iuethod of analysis (Qutintitntire Micro- and Histo- 
chemical elementary Andysis by Roentgen absorption Spectograpliy. 
Acta. Radiol. Snppl. LSIII, 1946) published recently by -4. Eitg8tr&ii, it  
is possible to measiirr n calcic content of only 0.1-100 Fig in n sqnnrc 
of 10 X 10 ,u in ground preparations. Tlir writer intends to try to carry 
out sucli esperinients himself and will l)ublisli his results liitrr. 
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111. Xzcdecks theory, according to which, the osteoid is the 
essential factor responsible for the cloudiness of the radiograph. 

As pointed out above, Fried1 and Xchinz assailed Kienbock’s 
theory on the grounds that the concentration of the dissolved 
salts deposited in the bone meshes is insufficient to evert any 
influence on the radiograph. In racliographs of skeletal affec- 
tions, especially neai- fractures, Cohn, Heydenzann, LericAe and 
Jung have however discerned shadows of calcic density in the 
soft parts, and they attributed these shadows to lime salts 
dissolved in the tissues (Kalkwauderuug) . 

Lachmaizn. and Tl’eh1a~ attacked the tlieorg of the Buck)-- 
effect, and oue might rery well ask xvhx this effect should be 
present only in the acute stage, and not in the chronic, in which 
the trabeculae are both fewer and sparser. 

One objection that might be raised against rSudecWs theor>- 
is that although the osteoicl ofteu seems to be scanty, the radio- 
graph is nevertheless cloudy. as is sometimes the case with 
osteitis in spite of a total absence of osteoid substance. 

The fact that the skeletonized bone retains its cloudy appear- 
ance in the radiograph, contradicts Sing’s hypothesis in which 
he says that oedema of the .soft parts is an essential factor. The 
capacity of water to  absorb Roentgeii rays is in fact onlF 
of that of calcium (Frkdl  and X c h i w ) .  To this must be added 
of course, the effect of the dissolved salts. 

The propositions of my investigations are: 
1. Is there an  increase in the quantity of lime salts dissolved 

in the bone meshes of atrophic bone comparable with that in 
uormal bone and if so. what influence does it exert on the 
radiograph ? 

2. Are there any histological reasons for assuming the ex- 
istence of differential clccalcification and if so, how does the 
decalcification seem to be localized in relation to the rarious 
lamella systems of the bone? 
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?rlT O W S  EXPERIMENTS 

_lfutc?.iaZ: It was very difficult indeed to collect suitable bone 
material from homo. In  a few cases it was nevertheless possible 
to obtain preparations from cases with arthritis, tumours and 
extremital emboli in the lower extremities, the specimens always 
being chosen from a bone distant froiii the seat of the disease, 
generally one of the small bones of the foot, in sonie cases even 
fragments from the lower part of the tibia, in which it was 
possible radiographically to observe signs of atrophy of various 
stages. The material was colnpleniented withtrabbit bone, whose 
texture is very similar t o  that of human bone (Demeter and 
V 6 t y 6 s ) .  According to Riedar, the remodelling processes of 
rabbit bone are analogous to those of human bone, and in the 
histological pictures he published, the changes are identical. 
An allergic gonit ad moduni Klinge was produced in these 
animals (see Acta Chir. Scanclinar. Suppl. 71).  I n  these cases 
specimens were taken from the tibia and the calcaneum. For 
the radiographic esaininations of bone models, also a piece of 
a nornial shaft bone from an ox was used in one case. 

I. RADIOGRAPHIC ESAMISATIOXS1 

I n  order to find out to what degree one might assuiiie the 
cloudiness of the radiograph to be due to the dissolved lime 
salts cleposited in the bone meshes, a number of experiments were 
carried out on models of macerated bone, 

(a) Methodics: With the exception of one case (ox bone) 
all the bone models were first radiographed. This operation was 
carried out under optimal conditions, whereafter the bone was 
macerated in accordance with an anti-formin method described 
by Sahsin. and Riemer.2 

For this purpose the X-ray apparatus used, consisted of a tube P, 
with rotatable focus. The radiographs were taken under analogous con- 
ditions (42 k ~ .  and 115 cms. focal distance). The times for the various 
preparations varied from 0.1-0.4 sec. The method of development, which 
was the same for all, lasted exactly five minutes. 

* The fresh bone was first weighed and dried until its weight became 
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The preparations treated in this manner were sometimes 
damaged when being handled, small chips or fragments being 
broken off the edges. This applies especially to the most atrophic 
bones, whose calcic stroma was extraorclinarilv slender and 
brittle. The dried, macerated bone was weighed and iii some 
cases the liquids used for the maceration eraporated to a vol. of 
aboiit 20 nil, whereafter the filtrate was measured and the 
amount of lime salts present in the solution %-as determined by 
-iron's method, as modified by Hnmmai'stelz. After being mace- 
rated and dried the bone preparations were radiographed under 
the same conditions as therebefore. The bone was then charged 
with a 10-25 per cent solution of gelatin in clestilled water, in 
some cases with an addition of calcium chloride corresponding 
to a quantity of 0.5-2 per cent of tlie gelatin solution; the char- 
ging or imbibition process consisted in heating the bone 3-4 hours 
in a water bath in a solution of calcium chloride until the ex- 
pulsion of air bubbles hacl ceasec1.l Gelatin was then added until 
the solution had tlie desired coilcentration whereafter the whole 
was maintained for a further 3-4 hours a t  a temp. of 80' C. and 
then allowed to set. I n  those cases in which the bone was treated 
solely with gelatin, it was first boiled in distilled water until 
all the air bubbles had been given off, whereafter the calculatecl 
quantity of warm gelatin solution was added and the solution 
then also allowed to stand 3.4 honrs in a v-ater bath whose temp. 
was maintained at SOo C. 

constant, after which it was rinsed under running water and then treated 
4-6 hours in a 10 per cent solution of antiformin in a water bath whose 
temperature was maintained a t  SOo C. The bone was then rinsed 2-4 hours 
under slowly running hot water and again treated for 24 hours in a 5 per 
cent solution of hydrogen peroxide. Subsequent hereto the bone was care- 
fully clriecl a t  a temperature of 20° C ' a n d  then defatted in Xylol for 12 
hours a t  a temp. of BOO C, after which it was dried and bleached with 
a 5 per cent solution of hydrogen peroxide. 

I Instead of calcium phosphate this salt was chosen on account of i ts  
easy solubility. This choice will however he of negligible importance, 
because examinations have shown that the absorption increases at the 
rate of four times the atomic number, and therefore calcium is the greater 
shadowing factor (FriedZ and Schinz).  
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The calcium content of the gelatin was calculated by -iron’s 
method and was found to be 1.12 per cent Calcium. The meshes 
of the bone models were thus charged with a substance whose 
nature is much like that of the organic tissues in bone and whose 
composition also includes a certain amount of soluble salts. 
After the gelatin had set, all excess gelatin was removed from 
the bone model n-ith a wooden spatula, whereafter the inodels 
were radiographed under the same conditions as a t  first, except 
for the fact that the time of exposure had to be varied in a few 
cases. Subsequent hereto the model was boiled 4-6 hours, the 
water being changed continual13 to separate the gelatinous sub- 
stance properlx froin the model, which was then dried again 
and weighed and thereafter re-charged with gelatin and calcium 
chloride of higher concentrations. I n  this manner it was possible 
to study the contrast changes occurring in the bone when its 
meshes were charged with lime salts of rarions concentrations. 
Altogether 5 bone models were used for these experiments. 

1, Shaft bone from ox. 
2. Normal 0s naviculare ped. 
3. Fragment of atrophic talus with cloud?- radiograpli (tbc- 

arthritis). 
4. Osteitically altered 0 s  cuiiifornie 1 tbcj . 
5. 0 s  nietatarsale (Normal bone j . 
The four last mentioned bones were from hoiiio. 

(b) Experinwnts. 
The first experiment was made on bone excised froiii the 

region between the diaphysis and the nietaphysis of OW of the 
long shaft bones of an ox. The bone was sawn longitudinally 
into two parts, only one thereof being used for the experiment. 
Already after a charge of 0.75 per cent calcium’ in a 25 per cent 
gelatin solution the trabeculae became less distinct and the 
entire radiograph more diffuse than therebefore. The radio- 
graphic changes disappeared again after the gelatin and calciuni 

This includes both here and hereinwfter also the salt content (1.13 % J 

proper to the gelatin itself. 
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had been removed by boiling, but reappeared with still greater 
prominence when the bone was charged with a 25 per cent solu- 
tion of gelatin containing 1.3 aiid 2.3 per cent calcium. 

2. The radiographic outline of the trabeculae of the normal 
0s naviculare ped. a f tw  imbibition of gelatin containing 0.5 per 
cent calcium was considerably less distiiict aiid the whole pic- 
ture more diffuse than before imbibition : when treated with 
1 per cent calcium in gelatin, the outline was still more diffuse 
and the general picture still inore cloudy. 

3. Specimen from talus taken from a case of tbc 1~ed.l Aftei 
the bone had been skeletonized, the radiograph revealed a cloucly 
somewhat spotty ati*opliy with sprinliled signs of glassiness a 
picture very much like that obtained from the bone in sitn. 
(See Fig. 1 a). After maceration the calcic stroiiia was rather well 
defined. (Fig. 1 b) .  The calcium content-calculated by Hnr)tmtrr- 
sten,’s method-of the filtrate of the bone macei*ated according to 
Sashin’s and Rimzer’s method, gare a quantity cori,espondiiig 
to 0.28 per cent of the organic substance plns H,O of the bone. 
Blank tests of similarly macerated iioriiial bone gave 0.02 per 
cent. According to this calculation there was 0.26 pep cent cal- 
cium in the bone inariaon-. A charge of a 15 per cent 
gelatin solution containing altogether 0.2s per cent calciuni 
again blurred the radiograph of the bone considei~-ibly. The 
trabeculae were illdefined, some of tliein being difficult to 
distringuish (Fig. 1 c). When the gelatin was boiled out again. 
the stroma appeared distinct anew, although somewliat deformed. 

4. The radiograph taken of the 0s cuneiforine (tbc osteitis) 
was considerably cloudy (Fig. 2 a). After maceration the trabe- 
culae appeared somewhat more distinctly in the radiograph, but 
the osteitically changed bone -a-as still b ln~ry .  (Fig. 3 b).  The cnl- 

Specimen taken from the ricinity of the seat of the nrthritis. Tlir 
radiograph exhibits some denser margins. These are the result of a coiii- 
pression of the bone by the manipulations. A small piece of the bone WRS 

microscopically examined ; only signs of atrophic, but not osteitic, changes 
were visible. No macroscopic signs of osteitis, although it was iiupossiblr 
with certainty to exclude the possibility of such signs in the centre of 
the preparation. 
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ciiirri coiitmt was cletemiiietl in tlie saiiie ma111ie1~ as i l l  ICqeri-  
itient 3 aiicl i t  was found that the quaiitit? of calciuiti iiicoi.- 
poi+atetl in tlie organic suhstaiire o f  the bone \vits 0.40 pel’ cent uf 
the weight ol’ the soft parts of the baiir plus H20. After charging 
with 0.5 per ceiit calciuiii in a 23 per cent solutioii of gelatin, 
ii pictiire is prodncccl in  which tlie trabeculae seeln to be i~ l l l io~t  
obliteratecl. (Fig. 2 c ) .  The calciuiii ant1 the gelatiiic~ irrrt’ re- 

F l y .  1 rr F ig .  1 b. Flg. 1 c. 

Fragiiient o f  talus titkrn front a case \\-it11 tbc. l w l .  Histolopic:illy, thr 
prepamtion exhibited a considerahle destruction of the tralseciilatl by 
lacunar resorption and in the bone iiieshes i t  also clisplapetl signs of 

hleding ant1 oedern:i. Only relatively sinall qumti ty  of osteoid 
in the preparation. 

Fig. 1 a shows the fresh prel):iration. It hiis heen soniewhat tleforinetl : I I I ( I  
its trabeculae compressed during preparatory treatment. See top left-htind 
corner of picture. A piece of the preparation W R S  removed for histological 
examination, for n hich reason the preparation in Figs. h tind c is sonie- 
what smaller. Fig. b shows the macerated bone and Fig. c the tmne when 

charged v i t h  R 15 per cent solution nf gelatin (0.28 1). c. Ca) .  

iiiovecl and tlie radiograph becaine clearer again (Fig. 2 (1). A 
new charge consisting of 0.11 per cent calciuni in a 10 per cent 
gelatin solution again rendered the mdiograph cloudy (Fig. 2 e) . 

Preparation 5. 0 s  metatarsale I of normal bone. After sawing 
i t  longitudirially into two pieces, the bone was macerated, the 
two halves wepe joined together again and X-rayed. The spon- 
giosa was very well clefinecl in the radiograph. After the bone 
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F i g .  2 ( 1 .  F i g .  2 b.  F i g .  2 c. 

F i g .  2 d .  Fig.  2 e.  

P’ig. 2 ( a - e )  tbc ostc.itis. 
It’ig. 2 :I shows the fresh bone, 2 b after inaceration, 2 c‘ when c.li:rrgcd with 
0 5  per cent Ca in gelatin (the calcic spots on the picture are the reflection 
of a thread charged with gelatin + C a ;  the t1irr:id wis tlrawn through 
the preparation to facilitate the handlinc of the latter. Pig. 2 d shows 
the prepariition after tlir renioval of gelatin. :ind Vig. 2 e, after the chtirg 

ing of the I)repariition with 0.11 per crnt Pit in :L 10 per cent 
solution of gelatin. 
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current ancl exposure time are  of paramount importance. I n  the 
cases dealt with in the investigation made by the writer these 
factors have been observed, i.e., the current has been both 
adequate and constant and only in some cases has the exposure 
time varied somewhat. The maceration of the bone and the 
charging of same with gelatin are manipulations which might 
easily damage the bone and thus involve structural changes that 
might make it difficult to  compare the various pictures of one 
and the same preparation. It was also found difficult completely 
to  remove all the gelatin from the bone, especially from atrophic 
and osteitic bone (Exp. 3 and 4), because the preparation was 
so relay biaittle after the removal of the gelatin. To avoid this, 
in some cases the m i t e r  added to the gelatin already a t  the 
beginning of the operation, a quantity of calcium corresponding 
to that  ascertained by the calcium determination of the soft 
parts. Another source of error is that  the bone might possibly 
not be charged properly throughout with gelatin with the con- 
sequence that  some of the cell systems will still contain air. 
To prevent this possibility, however, the preparations were first 
boiled in a sufficiently strong watery solution of calcium chloride 
until the expulsion of a i r  bubbles from the bone ceased. After 
this step, gelatin with a corresponding quantity of calcium was 
added. By adding methylene blue to  the salt solution and by 
sawing through the bone, it was then possible to check whether 
the imbibition of gelatine was satisfactory throughout the whole 
bone. 

The amount of calcium determined to be present in the 
filtrate cannot be regarded as being more than approximative. 
Blank tests on normal bone were of course made with a view to  
diminish the number and degree of severity of the many possible 
errors. 

Summary of Results and Discussion. 

The results of the above experiments show: 
1. If we charge the meshes of normal bone with calcium and 

gelatin and the concentration thereof be less than 0.5 per cent 
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calcium in a 25 per cent solution of gelatin, the radiographic 
outline of the bone m-ill be somewhat ill-defined. 

2. An atrophic bone giving a cloudy radiograph, will have a 
better defined trabecular system after maceration than there- 
before, and most of the general cloudiness of the iladiograph 
will also have disappeared. 

3. Experiments made to determine the calcium content of 
the marrow of bone showed that the calcium content of the bone 
marrow in two cases of atrophic and osteitic bone had a con- 
centration of 0.26 and 0.40 per cent respectively, calculated on 
the basis of the organic substance plus H,O of the bone. 

4. The macerated atrophic bone after being charged with 
quantities of calcium corresponding roughly to those found by 
chemical analysis again shows a considerably cloudy bone tex- 
ture differing somewhat however from that displayed before 
maceration. After the removal of the lime salts and gelatin, the 
radiograph of the bone is again better defined. 

5. Corresponding experiments were made on a spongious 
osteitic bone and the results obtained were similar, although 
a certain cloudiness in the bone remained also after the mace- 
ration. 

These experiments indicate that salts possibly present in the 
bone marrow can undoubtedly play a r81e in the arisal of the 
characteristic cloudiness in the radiograph of atrophic bone. By 
means of imbibition tests it was possible to obtain pictures 
similar to certain extent to those of atrophy. The experimental 
imbibition also gave a certain measure of the concentration of 
the lime salts in the soft parts of the bone that is necessary for 
rendering the above-mentioned picture indistinct. 

One disadvantage is, however, that calcium chloride was 
used instead of calcium phosphate. Nevertheless as  pointed out 
above, it is certainly the calcium that plays the greater part in 
the absorption of the X-rays. But the importance of the phos- 
phate components dare not be underrated and therefore it can 
be assumed that the quantity of calcium necessary to make a 
radiograph of living bone cloudy, is much less than that neces- 
sary in the experiments, namely, about 0.11-0.5 per cent. Ex- 
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perirneiits iiiacle on iiioclels of noriiial bone show also that  the 
bone structure, i.e., proportion between the spongiosa and the 
compacta, exerts a certain influence, because purely spoirg! 
bone can show changes with a lower concentration of dissolved 
lime salts which changes are not visible in a more compact, 
calcic bone. This is also a possible explanation for the reason 
why changes in the spongy regions appear first and always are 
most proniineiit just there. 

I n  the osteitically changed bone preparation i t  was not pos- 
sible to obtain a well-defined radiograph after maceration. We 
may therefore assnnie that, at least in some cases the changes 
in the trabeculae are  partly responsible for the arisal of the 
cloudy picture in such changed preparations. 

11. IIISTOLOGICAL ISYESTIGATIONS 

But  few investigations of so-called acute atrophy or  acute 
remodelling processes of bone a re  knowu to the literature, and tlir 
first to shed certain light on the underlying anatomopathological 
processes were Jaffe (1930), Riedel- (1933-36) , and Sudeck (1'338), 
who investigated 08 homo and rabbit bone. The main fact estab- 
lished by all these writers is that  there is a cellular destruction of 
bone in which the granulation tissues emanating from the coii- 
nective tissues and the vessels, seem to be the essential factors. 
Resorption occurs also lacunarly and the osteoclasts in the 
lacuna are  small and spindlelike. Giant osteoclasts have been 
observed less frequently. I n  addition hereto so-called perivascular 
absorption was also observable. Besides this, however, these 
writers also believes in the existence of a chemical destruction 
in the form of decalcification. As well a s  the destruction, which 
is of differential .prominence in  various parts of the bone (it is 
for this reason we speak of a histologocally patchy or cloudy 
picture [Rkder]  ) there a re  simultaneous repair processes of 
various degrees. As pointed out  above, it is a question of a 
remodelling of bone caused by cellular reaction and, possibly, 
also of a simultaneous chemical decalcification. It has hitherto 
been impossible with certainty to establish the presence of signs 
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of an osteolysis, for the siiiiple reasou that it is not possible to 
decide whether the existence of the osteoicl in the preparation 
is a result of destructive or repair processes. Many writers such 
as Imiche  and PoZicnrd, Hiibler, Jaffe (1930) and Curd assuiiie. 
however, that in cases of acute atrophy of bone accompanied by 
cellular destruction, there is osteolysis, which however, cannot 
be distinguished as  a separate phase. Furthermore, it might be 
mentioned that 110 histological investigations of the behaviour 
of the bone salts in atrophic bone have hitherto been made. 

I n  his investigatibiis of an artificially produced acute atrophy 
of bone on a rabbit1 the writer noticed a certain heterogeneity 
in the bone substance. 

In a number of preparatioiis stained with Haeiiiatosyliii 
(Ehrlich) and Chromoti*op 2 E he fouiid that there were some 
zones that would not stain as much as the rest of the bone. These 
zones, generally localized to the interstitial laniellae were poorly 
demarcated and the bone seemed to be so to say “patchy”. In  
these zones it was often possible to observe a large number of 
light corpnscules, possiblF suggestive of a more rapid destructiou 
of bone-a de-meshing process ( H i i g y q d s t  ) . Similar phenomena 
-although less pi-onounced-were nevertheless visible in the 
apparently normal bone. for which reason no conclusions can 
be drawn. 

=Ichamrd (1935) , fouiid similar changes in decalcified noriiirtl 
bone, and he believed them to be the result of a differential 
composition and of varying electric charges of the colloids in the 
ground substance, due to the differential age of the trabecular 
systems in the bone. By means of alizinar staining Came?-on 
(1930) could also show a difference in the staining capacity of 
old and young bone, which inter alia expressed itself in a clif- 
ferential stainability between the Harersian sptems and the rest 
of the bone. 

W .  Mullel; Juffe (1930) and X c l d d t  observed similar pheno- 
mena in necrotic bone, but point out that siich pictures are also 
encountered in normal bone. Juffe found that in the earl? stages 

Acta Chit-. Skandinar. suppl. L X S t  194% 

Acta orthopaedica, Vol. XVII, 3-4. 19 
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of acute atrophy there WAS a granulation and dissolution of the 
bone substance of the same nature a s  the present w i t e r  found 
in his investigation in 1942. It is very difficult to interpret 
such a picture, and it is impossible to  draw any conclusions 
therefrom, because the chilnges luiglit possibly be artepacts 
(Landoff 1942). 

Examinations of decalcified bone liave not led to any de- 
finite result when it comes to establishing a possible osteolysis 
or recording a differential distribution of the lime salts in 
atrophic bone. Much, how-erer, points towards the decalcification 
being a purely chemical process under certain circumstances and 
C‘oh d s  and Heydent (inn’s radiographic emminations of fractures, 
in which they found stripes of calcic cleiiaitg in the soft parts, 
speak in favour of this assumption. Lcriche and Jibng examined 
the calcium content of the soft parts in the immediate neigh- 
bonrhood of fractures and were able chemically to determine 
the calcium concentratioo, which was higher than normal, espe- 
cially in cases of pseuda~throsis or complicated fractures. 

The calcium content of the blood, lio~-erei=, is iiot affected 
Rleder and Xeccr. esperinientecl on dogs in vivo and were able 
to show a decalcification of honr by ~mnniiig renous blood 
through it. 

This suggests the iieceaaity of histologically evaniining the 
calcic stronia itself, if possible, in order to obtain some funda- 
mental evidence that might serve as a starting point for further 
studies. As pointed out above, such inrestigationa hare apparent- 
ly not been made. As mentioned in the introduction of this  
paper, the light absorption deterininations ancl the spectro- 
graphic examinations I suggested, coulcl not be carried out, for 
which reason I was obliged to resort to a purely histological 
investigation by staining the lime salts of ground disks of pre- 
pared bone taken from various sorts of atrophic bones. The 
staining methods mentioned moat in the literature are: KO.WU’s 
staining with Ag X03, the tannic acid method, the pyrogallol 
method, staining with lead acetate and alizarin staining ( L ~ s o ~ ,  
Krcrzise, Xchmorl, etc.) . None of the above staining substances 
seem to be pure calcium stains, because they also stain other 
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riietals aiid alkaline salts in the bone to a certain extent. They 
also have ;I certain affinity for the organic substance of the 
1)oiie. The methods hare been conipnrecl m c l  criticized ex- 
haustively by Gartierotz, Limb, etc., for example. The most 
reliable of the above calcium staining niethorls seeins to be the 
i1lis:lrin staining process (Crclttte'r*otc). Sometimes, however, the 
;ilieaiaiii stain will with both Fe and A1 produce a colour that 
is hartllg distin,riisliable from Stiiined calcium. As already 
mentioned, ('a ww-o?b believes that ehanges in the ground sub- 
&nce can gh-e rise to a certain ii*regular staining, which ex- 
presses itself most in the differential staining capacity of old 
iind new bone, the latter exhibiting n considerabl-j greater 
affinity fov alizai*iii tliari does old bone, ahicli winetimes almost 
rrfusrv to be stwinrd. 

After carrriiig out experiments in which AgXO, and haema- 
tosylin were used :is stains the w i t e r  meiit orein to the use of 
dizarin. 

I. Y ' w h  ti iqrin. The fi*efrh bone prrpui~~t ions were first cni*ecl 
in alcohol of 93 per cent concentration in which they were after- 
wai~ls kept, because bone prepay ations preserved in formalin 
qoliition can miclergo decalcification by the formic acid formed 
in the solution. A section of the bone about 0.3-1.0 mu. in thick- 
ness was sawn out by ineans of il saw v i t h  two parallel blades 
;ind ground manually between two oil stones until it was 
reduced to a thickness of about 10-13 p. It was then carefully 
i4nsed with distilled water and siibaeqiiently stained with a 
\elution of alizarin in alcohol. Use x-as thereby made of a 
satui*ateil stnndai*d solution of alizariu ilisolved in 09 per cent 
nlcohol as suggested by Lzi~7/rn71.  This solution was diluted 
with 70 1'. ( 4 .  iilcohol in the piwportion 1: 9. The piqmrations were 
stained 3-6 hours, after which they xere differentiated in 70 p. c. 
alcohol and dehylrated in absolute alcohol for 3-4 lioiirs and 
thei-eafter mounted in the usual manner in Canada balsam. I n  
wine cases, in order to avoid. as much as possible the influence 
of the organic tissues of the bone and of the salts deposited 
therein, the writer stained the disk after maceration. After being 
ground clown to a desired thickness of 10-15 p the disks were 
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treated three hours in a 10 per cent ~olntion of ailtiformill a t  
80' C, after n-hich the)- were carefull)- rinsed 3-4 hours under 
running warin water. The preparations were then allowed to 
remain 24 hours in  a 5 per cent solntion of hplrogen peroxide. 
then dried and treated 3 hours with sj-lo1 at a temperature of 
80' C., a-hereafter they were stained by the above niethod and 
mounted in the usual manner. In some cases attempts were 
made a t  vitallx staining yo~ing rabbits. An aseptic gonit ad 
moduin Iilinge was produced in the animals, and in two cases 
attempts were made at instigating an acidotic condition in the 
animals by introducing ammonium chloride through a rubber 
tube into the stomach. After 5 and 14 days the animals were 
given subcutaneous injections of 5 ml. of a 2 per cent water- 
solution of alizarin. The last injection was giren to the animals 
about an hour before they were killed. 

2. Material. For these staining experiments 10 preparations 
from homo were used, the preparations being chosen froin bone 
i n  various stages of atrophg, and in about 20 cases the prepara- 
tions consisted of rabbit bone. 

As the purpose of this investigation was mainly to find out 
whether there is anj- difference in the nature of the various 
trabecular systems in bone, especially the Haversian systems 
and the interstitial lamellae, the writep used chiefly bone with 
a relatively rich proportion of compacta. It is also easier to 
obtain better ground disks of compacta than of spongoicl bone. 

The only detectable difference in many of the preparations 
was an increase in vascularization and a lacuna destruction by 
the granular tissues and small uninuclear osteoclasts. Sowhere 
could clusters of osteoclasts betraying a somewhat more rapid 
destruction-de-meshing-be observed. In  a few cases, ahich 
will be dealt with more in detail herebeloa, certain tinctorial 
properties could be observed. 

Prep. 4. Osteosarcoma femoris E. J. 15 yrs, (Orthopaedic 
Hosp., Halsingborg, 1940). In a preparation taken from the 
diaphysis of the tibia, there was a rich11 rascularized compacta 
with large dilated canals. Furthermore the greater part of the 
Haversian systems in the preparation stained deep red, con- 
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trtlsting in some places sharply against the paler interstitial 
lamellae. In the Haversiaii systems the tissues nearest the vessels 
\\-ere stained brightest. (See Fig. 3). 

Prep. Yr.  8. Embolia art. fern. A. S. 36 yrs  (BOI%&S 1076/43). 
In the ground disk of the preparation taken from the fresh bone 
there is, apart from a rather rich vascularization, a clistinct 
staining capacity. The Hkersian systems are mostly more redd- 

Fig. 3. 
Fragment from the diaphysis of the tibia from a case with osteosarcoma 
femoris. The preparation after maceration and alizarin staining. The 

Haversian osteons are conspicuously demarcated against 
the ground substance. 

isN-violet than are the interstitial laniellae, which in some spots 
are hardly stained at all. In a macerated ground disk taken from 
adjacent areas of the bone, the tinctorial phenomena are more 
pronounced, and everywhere in the preparation are the beautiful 
above-mentioned contrasts to be seen (Fig. 4 a). In  order to 
find out whether the above changes might be due to variations 
in the ground substance, another preparation was taken from 
the same area. and then first macerated and subsequently de- 
calcified in the usual manner in a 10 per cent solution of nitric 
acid and stained in the same way as was the previous one. 
Unlike the two previous preparations taken from the same case, 
a pale yellow, absolutely uniform staining of both the Haversian 
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system mid tlie iiiterstitial Iniiiellae thronghont the whole 
preparatioii was observable. (See -Fig. 4 b ) .  

Prep. St.. 13. Tbc. ped. ‘i0 yrs. (Bods 619/43). h i  alizarin- 
stained groniid disk taliell from the diayliysis of the tibia the 

F i g .  4 b .  

Pig. .b a-b. E’rilpnient of t ibia from a case with eiuboliii art. feiii. Fig. .In 
shows a piece from the cortex in the tibia. The preparation is macerated 
and stained with alizarin. Its Harersiari systems are stained deeper 
whilst the interstitial lamellae are paler. Fig. 4 1) shows the bone after 
maceration and decalcificntion. No observable difference between the 

shining of llie Haversiau systems and the iuterstitial laniellae. 

same changes in stainiiig capacity are observable between the 
various laniella systems as  those described above, although the 
changea are not quite so pi~onoiinced. 

Iu a few cases in the tibia of a rabbit an aseptic gonit was 
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produced for 7-14 days, similar changes were recorded, m-hereas 
no changes could be obserred in the coiitrol leg. 

Soul-ces of Ewer. 

Apart from the differential staining capacity of bone due 
to varying age, as clescribecl inter alia by Caazerol& and to which 
I shall revert later in this paper, there are other factors that 
might influence the result of an investigation. For instance, the 
pH value a t  which the staining process is carried out. In  all 
of the above cases the staining took place in a neutral solution. 
The judging of a preparation is also rendered more difficult 
by the fact that the dial; cannot be reduced to a thickness of 
less than about 10-15 ,u. This facilitates the arisal of certain 
artefacts, for example, by the overlapping or super-imposition 
and impression of laniellae iiorniallj- lying in different planes, 
which lamellae, when supwimposed, can give zones of differen- 
tial staining capacity. Comparisons have always been made of 
such zones of the preparatioii that most definitely do not ex- 
hibit any such superimposition. Furthermore it is also feasible 
that owing to the differential hardness of the Haversian systems 
and the interstitial lamellae, the surface of the disk may be 
unevenly ground and coiisequentlj- not be of uniform thickness 
throughout. A niicroscopic esaininatioii of the disk, however 
seemed to  contradict this assumption, the Havemian systems 
and the interstitial lamellae being apparently of the same 
thickness and adjoining zones being equally well defined in 
one and the same adjustnieiit of the microscope. The grinding 
operation might also involve a fen- scratches and consequential 
rarefactions, which, howeveiv, are easily discernible and can 
therefore be allowed for when judging the disk. 

The possibility that the changes should be caused by the 
fractioned necrosis of bone described by dliillm-, is not probable, 
a t  least not in Prep. 4. where the patient is relatively 
young. Also the increase in vascularization of all the above 
preparations coiitraclict this. 
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S w t  t i w r y  CI titl Disc ~c.s.sioti. 

A%.: nieiitioiied a t  the beginning of this paper, a certain 
(1iffeiwrc.e in tlie staining capacity of the osteoicl ~ i i d  the inter- 
stitial laiiieiiae is  lino~vn to  the literature. Achnnl  believed this 
differelice to be clue to varying colloid-chemical c1i;iiiges in the 
ground substances, especiallr in the pH value. C'umc).ott stiowed 
IJJ- il1izai.i 11-s tain iiig that  the tli f feiwa t ial \ta in iug C ' R ~ I I  ( a i  t y o f  
the various larneila systeiiis of bone varies with age. Also he 
ascribes this pheiioiiienon niaiiilj- to cliaiiges of the ground 
sibstance. Other ivritw.; ~ l i o  hare obserrecl tliiq 1henomenon 
t e.g. .11417er) in both noi~inal and pathological h i i c  Fractionetl 
bone necrosis) also uhare hi.: opinion. 

The staining exl)ei.iineiat< carried out by the present riter, 

(1 1 That also old honc, taken, for es:iinple. froni R 'TO ) e a r  
oltl per.;on can he stained by tlie iiiethodics apyl iecl jnht as we11 
a.; bone taken fi*om a11 adolescent. 

I 2 )  That results obtained b -  the staining iiiethoclics in  
question revealecl nothing but possiblg indicated w r y  faint  
differences in the stainabilitj of the rarious ianielln systeiiis 
in normal boiie, this being t rue also in cases of rather slam ly 
progressing atrophy. 

(3) That in cases of rather acute atrophx i t  was powible 
to  prove: 

i a ) A  iq3eateclIy ohseiwble, clear clifferelice in stainability 
hetween t h e  IIaversiaii systems and the interstitiai IiIiIiellae, the 
latter being consiclerabl~ less staiiiable than\ the osteons. 

I b) This difference is auginentecl after maceration, by which 
it is possible to i*einove a fair  amoiuit of organic substaiice and 
bloocl which seems to  esert  a certain influence on the picture. 
This applies especially to the blood, because F e  with alizarin 
gives an intensi\-e, dark recl stain. 

(c \  The snbstanee remaining after maceratioii and (lecal- 
cification with nitric acid stains absolutely honiogeneously and 
the tiiictorial phenomena in  the bone disa-fipear altogether. 

The experiments made thus show that  all bone, iiiiriiaterial 

I r o n  ever, prove : 
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whether young or old, can be stained bj- the inethodics applied 
bj- the writer. The difference found in certain atrophic bone 
hetween the staining capacity of the Harersian systems and 
that of the interstitial laniellae disappeared after maceration 
i i i i d  decalcification. It \vould therefore seem that these regional 
differences in  stainability are  dependent on the bone salts and 
not the gronncl siibstande. The latter caii achiiittedly be stained 
pale yellow, but the staiii is absolutely honiogeneous. On the 
Oziqiq of these experiments i t  caii thns Be assin~ned that thew 
i.: a difference in the calcic stronia, although i t  cannot yet be 
<aid whether this difference is quantitative or qiialitative. A 
possible esplaiiatioa for this difference in the calcic stroma is 
that owiiig to the underlying pathopliysiolofiiral processes of 
n trophy of' bone, especially the blootl circnlation, there will be 
21 cert;tin pH difference in the tiusues, 11-hich in turn will exert 
t i n  influence on the bone salts whose coiiipositioii will thus be 
Iiiodified. In  this conjunction it might be reiiieniberecl that some 
writers found a differential mob i l i t~  of the calcium in various 
parts of the bone. Riitishaiiser. Fnrzccigcr. k Qtielo:, for esaniple, 
fonnd by iiijections of lead on animals that relatirely greater 
quantities of lead salts a re  deposited in grox-th zones and those 
areas exposed to the greatest straiii and compression than was 
the case elsewhere in the bone. By subsequent acidotic tests 
they discovered that  i*elativelv inore lead and calcium was 
released from these areas than fi*oni the rest of the skeletal 
parts. Bazier, Albright & A t ~ b  found by alizarin staining and 
parathornion injections that  calcium could be mohilizecl easiest 
in the metaphysie. 

IIr. THE SUBCHONDRAL CHASGES ESPECIALLY WITH 
REGARD TO THE CYST-LIKE BAREFACTIONS 

The structure of bone, especially the proportion between the 
spoiigiosa and the compacta is of great importance in the 
radiograph i.e., characteristics of the picture of acute atrophy 
of bone (e.g. Lachmanm and Wehlrin) because atrophy in the 
spongiosa is detectable earlier and i t  is also in the spongiosa 
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that the changes are iiiost marked. This has to a certain esteut 
been confirmed by the radiographic experiments, carried out 
on models by the present writer. Xerertheless the architecture 
of the bone alone cannot be responsil)lr for this fact because 

Fig.  5 b. 

Fig. 5 a  small sub-chondml rarefaction dots. Fig. 31) is a histological 
section from the area of the rarefaction dots. The picture shows reduced 
trabeculae with signs of resorption by the coniiectire tissues and especially 
sub-cbondrally there are some signs of bleeding and infiltration of round 
cells. In the marrow space, which is widened considerably, there is a 

fairly pronounced oedeina. KO osteoid risible. 

much speaks in farour of differential atrophy in one and the 
same zone of a bone. This is probably due to the inter-relationship 
between the circulation changes caused by the primary process 
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and the atrophy. This occurrence liaa since loiig been recorded 
by inter alia Lelirrzarirz, HiZgerar.eiaev, Hevfartlr aiid Hegderrrnjrrr 
etc., who found that atroplq- appears first in tlie iiietaplipal 
regioiis aiid especially in the subchondral layers. Heycleriinfi rt 

describes tlie subchondral rarefactions accompaiiyiiig artliritih 
aiid attyibutes there arisal to the intimate relatioilship existing 
between the subchondral- ressels aud the capsular vessels. These 
rarefactions trpical of acute atrophy haye been describecl b? 
mrious writers such as t-. Muri teuffel. sirii-clt. Leriche 6 Policnrtl. 
but geiierally speaking only relatively little attention has been 
focussed upon then), and the>- have not been inacle the subject 
matter of exlianstil-e investigations. Tlie changes. which i i iq 

iron- aiid then be the first signs of acute atrophy appear iii the 
radiograph in the form of small, rather ill-clrfiiied or n-ooll? . 
subchondral rarefactions localized inainly to the plinlaiige~. 
metatarsal and metacarpal bones. 

I n  a preparation (basal part of iiietatarml 11 taken froiii 
a maii n-it11 senile gaiigreiie in tlie outer phalange of a toe. the 
writer compared the radiographic and histologic pictures thereof. 
In  the radiograph (Fig. 5 )  subchondl*al, sniall. cyst-lil- .e rare- 
factioiis of the above meiitioned nature and signs of atrophr 
of bone were discernible. Histologically it was possible to observe 
extensive corresponding cliaiiges that were especially proiiouiiced 
in the sub-clionclral layers. There were no other borclerecl cle- 
struction areas to be obseri-ed. I n  tlie layer iiiiclenieatli the 
cartilage one conld observe considerable 113-pereniia and here 
aiid there a nioderate airiouiit of oedema. Tlie trabeculae through- 
out the whole bone bore signs of a patch)-. ra tlier pronouwecl. 
lacuna resorption by siiiall. not very imiiei*oiis osteoclasts. Be- 
sides this, especially sub-chondrally, where the hyperenria seeiiis 
to be tlie greatest, collectioiis of small, rather diffnse1)- bordered 
bundles of granular tissues were apparent. (See Fig. 5 b) . 

The general atrophy in the subchondral layer together 11-it11 
the granulation tissues preseht there are presumably the fuiida- 
mental causes of the changes in the radiograph. In  the reiiiaiiider 
of the bone there are also reduced trabecular systems and lacuna 
destruction, %-Idst in the pi.eparatioii as a whole there are no 
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4gns whatsoever of remodelling. irhich is probably due to a 
rliminishecl regenerative capacity of the bone. The picture, when 
viex-ed froni t h k  angle, therefore corresponds best to Sirdeck’s 
dystrophic stage. 

We thus have a picture of acute remodelling coi~esponding 
to that described inter alia b!- Bzirlecl; and Rieder- and which is 
characterized by a strong exudative reaction in the bone, limited 
especially to the subchonclral areau. which are  most rich1)- rascu- 
larized. 

The histologic picture illustrates in a beautiful way the 
connection between changed vascularization and atroph? of bone 
and thus supports the 1-ascular theory. 

ST3UIARY OF THE RESULTS OF THE ISYESTIGATION 

The investigation reported abore does not prove my hypo- 
thesis of 1940 concerning the cause of the characteristics of the 
radiograph of acute atrophy of bone. Experiments on models 
of normal and atrophic bone have indicated that the typical 
cloudiness may be caused by the dissolved lime salts present in  
the bone meshes, the concentration of same apparently not es- 
ceecling that  giren by other writers (Leriche 8: Jung) in the soft 
parts around the fractures. The theory advocated by KienBoclc 
is therefore probably correct. It cannot however be denied that 
also changes arising in the calcic stroma and newly formed 
osteoid, may possibly attribute to  a certain extent to  the 
character of the radiographic picture. No quantitative difference 
could be recorded histologically. It was however possible in a 
nice way to show that  there are  certain changes in the lime 
salts of bone suffering from atrophy. These differences seem to 
be regional and to correspond to  the microposcopic units of 
the bone. Whether the changes are  an  expression of a regional 
decalcification or quantitative or qualitative changes in the 
calcic stroma of the bone cannot yet be determined. 

The experiments also show that  differences made visible 
By alizarin staining must depend on the bone salts themselves 
and that  such changes a re  thus not t o  be ascribed to any changes 
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in tlie grouiirl substance. Cliaiiges in the boiie clue to age, as 
described by C m e ~  011, for esaiiiyle, expressing theniselves in 
tliffereiitial stainability of the bone tismes probably depeiicl l e ~  
on colloicl-cheiiiical cliaiiges in the gi~ouiicl substance tliaii 
hitherto supposed. It is very probable that a chaiigecl chemical 
coinposition of tlie bone salts plays a rBle here. I t  is a well 
kiio\vii fact that tlie C'O coiiteiit and the M g  coiiteiit in tlie boiie 
are iiioclifiecl with admiicing age (A O H  I .  It n-onlcl also see111 

iaatlier iiiiprobable that the chaiiges provecl bj- tlie present writer 
should be solely age-changes of the nature described by C'wnzero)r 
because the observed cliffereiitial stainability of various adjacent 
areas which does to a certain esteiit agree to C'riuieron's clescrip- 
tioii could iiot be proved by the iiietlioclics applied by the present 
writer in cases of noriiial boiie taken f roin elderly iiidivicluals or 
in boiies with rather cliiaoiiic atrophy ; iiioreover no cliaiiges could 
be obseiarecl in coiitrol.esaiiiiiiatioiis of rabbit boiie although 
changes were obserrecl in tlie esperiiiiei~tal boiie. The changes 
described, which caiiiiot be sliowi iii noriiial or chronic atrophic 
boiie but very well in bone 11-it11 acute atrophy, appaiaeiitly speak 
in fa\-our of a trausitioiial change iii the iiiorgziiiic stroiiia of 
tlie hone. probably of clieiiiical or electro-chemical nature. 

K V m L m  T 

In an earlier paper tlie author brought forward a theory 
accoi-ding to which the cloucliiiess and the patchiness of the 
1-adiographic clesigii peculiai- to acute atrophy of boiie is clue 
to a differential clecalcificatioii of the latter. .4ccording to this 
hypothesis the stiwcture of tlie boiie tissues aiid the differential 
degree of nutritioii play an important part, tlie better nourished 
Haversiaii systeiiis clecalcifyiiig iiiore rapicllv tliaii tlie inter- 
stitial laiiiellae, so that adjacent patches of differential cleiisit? 
will arise ancl thus to a certain esteiit explain the cliffusenew 
of the iqadiograpli. 

As the radiographic cloudiness niight feasibly be due to inter 
alia dissolved calciuiii salts deposited in the boiie iiieslies ( K i m -  
Bock). tlie author made a few experiments 011 boiie models, the 
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tissues of the soft yarts of ivhich had been removed by treatment 
with aiitiforniiii. The approsinlate toutent of dissolved calcium 
salts in the soft parts was determined in two cases and found 
to be 0.96-0.4 per cent calcium. The bone iiiodel was then 
charged with gelatiii containing clifferelit proportions of calcium 
diereby it xt-as observed that n-hen the bone iiioclels were allowed 
to imbibe gelatin coiitainiiig less then 0.5 p. c. calcium, the radio- 
graphic desigii of the bone -\\-as patchy and cloudy. The results 
of the investigation speak in favour of Ki,enBock’s theory, but 
disclose no evideiice in support of the anthor’s hypothesis. How. 
ever? the posvibility caiiiiot be escludecl that the changes the 
Hnversian sptenis aiicl the interstitial laiiiellae undergo iii 
acute atrophy of bone are riel-ertheless differential. The correct- 
ness of this nssuiiiption is supportecl by the histological exani- 
inations described by the author in the latter part of his report. 
BJ- treating the gi-ound prepai*ations of atrophic and normal 
bone bj- it special alizarin staining method, it n-as possible t o  
produce beautifnllj- coiispicuous differences in the stainability 
of the laiiiellae in preparations from acutely atrophic bone. These 
changes could not be procluced in normal bone or in bone with 
chronic atrophj--. After maceration of the bone by antiforrniii 
treatment the contrasts n-ere still more perspicuous. When how- 
ever, the groinid preparation of an atrophic bone was decalcified 
mcl stained, n coiiipletely honiogeneous yellon- resulted. All the 
ilbo\-e staiiiiug phenomena thus seem to be related to the bone 
Sill ts. 
h histological esaniina tioii of preparatioiis from acute 

iitroplij- of bone in n-hich nest-like subchondral rarefactions 
were dieceniible also el-idences the correlation between atrophy 
of bone mid the circulation. 

ZK‘S ANMESF ASSUNG 

In eiiier friihereii Arbeit hat T’erfasser die Theorie aufge- 
stellt, class die Echleier nnd Schattenflecke im Rontgenbilde fur 
clie akute Bnochenatrophie charakteristisch seieii uiicl auf eineni 
( ;iizdiiiitei~scliie~l in cler Dekalzifizierung cles Knochens bernhten. 
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Nach clieser Hypothese spielen die Struktur dea Knochengewebes 
nncl cler ~-ei*schiedene Ern#hruiigsgrad eiiie aichtige Rolle, indeni 
die besser ernahrten flucers'echen Systeme schneller clekalzifi- 
xieren als die interstitiellen Lamellen, so class angrenzende 
Flecke con verwhieclener Ihldichte entstehen. v-odurch die 
Wrichheit des Bildes bis zu eineiii gewiasen Grade zu erklaren ist. 

Pa die Schleier des Rontgenogranilns moglicherweise u. a. 
von aufgelosten Calcium-Palzen hei~iihren, die sich in der 
scliwamniigen Iiiioclieiisubstaiiz abgesetzt haben (Kiembock), 
stellte eler T'erfasser einige Esperiineiite a n  Iinochen an, dereii 
V-eichteilsgewebe durch Belia iidlnng mi t An ti formin en tfernt 
morclen n-men. Der anniiheiwde Gehalt a n  gelosten Calcium- 
Salzen in den n'eichteilen n-ar in zn-ei Fiillen auf 0.26-0.4 % 
Calcium bestimmt worden. P a s  ICiiochenpr2parat m-urcle d a m  
niit Gelatine gefiillt. die zu \-erschieclenen Teilen Calcium ent- 
hielt, wobei nian die Beobachtnng machte, class clas Rontgenbilcl 
cles Iinochens fleckig und \-erschleiert \wide, wenn die in die 
Iinochenpriiparate eingezogene Gelatiiie eineii Gehalt ~-011 we- 
i i ige~ als 0.5 "/c Calcium hatte. Die Ergebaisse der Untemuchung 
sprechen fur die K i e ~  bork'sche Theoiie, bringen aber keinen 
Beweis zugunsten der Hypothese cles T'erfassers. Trotzclem kann 
die Xiiglichkeit nicht ausgewlilosseii n-eyden, class die T'erande 
rungen, Pc-elche die Harei-s'wlien Sgsteiae uncl die interstitiellen 
Lamellen bei akuter Knochenatrophie erleiden, sich nichtsdesto- 
weniger nnterscheiden. Die Bichtigkeit clieser hnnahme wird 
cliirch die histologischen Untersuchungen gestiitzt, die ini zwei- 
ten Teil dieses Berichtes 1-0111 T'erfasser beschriebeii aerden. 
Diirch Behandlung cler Aiisgaiigsprapara te von a trophiwhem uncl 
normalem Knochen mit ciner besonderen Alizarin-FWrbemethode 
war es moglich, in den Praparaten voii akut atrophischem 
Knochen deutliche 1-nterschiede in der Fgrbbarkeit der 
Lamellen zu erzielen. Dime yerschiedenen Tonungen liessen sich 
in normalem Knochen ocler in Knochen mit chroniwher Atrophie 
iiicht sichtbar machen. Nach Nazeration des Knochens durch 
,~ntifoi.min-Behandlung waren die Kontraste noch deutlicher. 
Wenn man aber das Ansgangspraparat eines atrophischen 
Knochen dekalzifiziwte mid farbte, zeigte sich ein vollig homo- 
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genes Gelb. Alle obengenannten F~iPb~uigsersclieiii~iii~eii scheintm 
also mit den Kiiochensalzen in T‘erbiiiduiig zu stehen. 

Eine histologisclie Uiitersuchnng voii Praparate bei aknter 
Knochenatrophie, bei deneii cysten-ahnliche subchondrale Rai-r  
faktionen siclitbar waren. beweist ebenfalls den Zusamineiiliaiig 
zwischen k’iioclieiiati~ophie und deiii I<reislauf. 

L’inflnence des sels minkraus sur l’image radiographique 
dam << l’atrophie ossense aigue >). cle G. A. Landoff. 

Dam tine comiiiiiiiicatioii aiitkrieure l’autenr a clkja kniis 
l’hypothese seloii laquelle lea <( flores B et les taclies qui caractb- 
risent les ratliographies des cas d’atrophic osseiise aigue. s’es- 
pliquent par une dkcalcification variable cles diffkrences parties 
de 1’0s. La structure osseuse et la nutrition diffkrente des tissus 
jouent uii grand rble, les caiiaux de Haver qni sont les mieux 
iiourris pei-deiit leiir chatix plus vite que les lamelles interstitiel- 
les, de sorte clue des taclies de densit6 diffkrente se touchent et 
jusqu’A uii certain point expliquent 1e <( flou B cle la radiographie. 

I1 est possible qne << flou B est d0 surtout k la dissolution 
cles sels de chaux - cle pr6fCrence A cl’autres sels - qui se trou- 
Tent dam les tissus spongieux de l’os (Kienbiick ) ; l’auteur a 
fait des essais sup quelques 0s apds  traitement par l’antiformine. 
afin d’klimiiier les tissw mous. La quaiitit6 approximatiye de 
sels de chaus dans les tissus moils a Bt6 dCtermin6e deux fois : 
on a trouw5 de 0.26 & 0.4 p. Ct. - Aprh  le traitenient par l’anti- 
formine, l’os Btait eiisuite tremp6 dam uiie solution de gklatiae. 
contenant des sels de clianx dans des proportions variables : 
chaque fois que le pourcentage de chaux Btait inferieur L 0.5, la 
radiographie Btait < floue B et montrait cles taches. Le rksultat 
parle en faveur cle la th6oorie cle Kienbock, mais ne prowe par 
l’hypoth8se de l’auteur ; nBannioins la possibilith n’est pas exclue. 
que les transformations des canaux de Haver et des lamelles 
intemtitielles clans I’a tropliie osseuse a i p e  ne soient les mbmes. 
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Les esaiiiens histologiquea deerits par l'auteur B la fill cle sou 
rapport teiideiit 

Par line tecliiiique spCciale de coloration cles pi*Cparations 
(1'0s iioi~iial et d'os ati*opliiC par de l'alizariiie il a C t C  possible 
cle iiiontyer des anomalies iiettes clans la coloi*atioa cles laiiiellea. 
quand il s'agissait de cas cl'atropliie osseuse aigus, Ces anonlalie- 
iie se produisaieiit pas, 'quancl il s'agiswit d'un os iioriiial ou 
Lien cl'tui 0s atteiiit cl'atropliie chroiiique, e lks  do\-enaient plnh 
iiettes aprPa traitenleiit prCalable pa12 cle l'antifomiine. 

Q~iaiicl au contiaaire line prCparatioii cl'iul os ati3ophib h i t  
rlCcalcifi6e avant coloration, on lie 1-oyait qu'un jauiie uaifoiwir. 
Tou.; le.; phPnoiu&ne~ clr coloivatioii ci-clessus iiieiitiomCs seiii- 

blent dQs aiix sels niinbrans contenus dam 1'0s. 
L'e\ainen liihtologique ( inicroscopique 1 cle prC1)arationr 

cl'ati>opliie ossense aigui?. avec rarCfactious sous choiiclraleh en 
iiidb, iiiet eii C\-irlence les idat ions entre l'atrophie osseuue et la 
ci re 111 a t  ion. 

pronver que 8.011 point cle iue  est exact. 

The present iiirestigation \\-as iiiacle \\-it11 the pecniiinry ashi- 
rtaiwe of tlir Physiographic Society of Luiicl. Sweden. 
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