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Some of the radioelements, when taken into the body,’ :re depositél U v
principally in bone after a relatively short veriod of time. After being
deposgited they become firmly incorporated so that eliminsiion is extremely
slow. It is well established thal most bone-seeking radicclements are
de;‘;osited in an irregular manner and that they have a destructive effect
on tone. The meager information available on the manner oY deposition and
effects of heavy bone-seeking radioeléments is that obtainsd from I@inom
dial workers. In most instances varying amouats of three bone-seeking
radioelements were used in the luminous material : namely rcdivm, meso-
theriwe,and radiothorium.

In 1926 Mar‘cl‘and(l) reported the irregular deposition of radioelemernis
in the ma:d.llg._ and femur of & patient aged twenby-four who died after
seven years employment, Hoecker"s(z) reported autoradicgrashic findings in
wwo luminous dial workers, one patient aged thirty~two anc ancther aged
thirty, who died seven and ten years, respeciively, after louving the indusiry.

The principal source of clinical materi;ﬂ.l for the present investiga-~

“ion of the manner of deposition of radium aie patients who were given

# This investigation was undertaken while the author was :n Atomic Energy
Comunission Post=Docteral Research Fellow in the Medica' Sciences of the
National Research Council. Present address: Radiolsciope Laboratory,
U. 3. Naval Hospital, National Naval Medival Cenmter, Bzihesda, Maryland.
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radium salis therapeutically and persons who were employed as luminous
dial painters from about 1§15 46 1930. A clinical investijation of a lavge
namber of these patients has been carried on in this 13.b032'55’3h0!7";§” for the
past two years,

We have been fortunmate in obtaining specimens fvom tve psatients who

r.cei‘}ed only radium salts and from one luminous dial¥ woiriter. This is
the first time that large amounts of fresh human bone have been carefully
studied to determine the ﬁrecise pattern of distribution of the heavy
. radioelements., In these cases, the radioelsments. have beei, present in the
body for a much longer time (17, 22, and 2, years) than the ’studies on the
luminous dial workers (7 and 10 years) and it is also the f'irst opporturity
for an extensive stu;iy of one heavy radioelement (radium).

The following are brief summaries of the case historius of these

patients and of the specimens obtained:

1. A hBeyearecld female who died in 1951 from fibrocircema of the
foot. She received radium water twenly-two years previous to her
death for & condition diagnosed as "migratoxry po.?z.;:arthritis@

The femur, hwﬁerus , tibia, fibula, and siull werc obtained for
study.

2, A Sl-year-ocld female whe had a recofzstmct.ion opeation on the
head of the femur for asceptic necrosis in 1951. She had re-
ceived radiuvn chloride intravenously 17 years pruviously for

0 1 3 4 7 2 mental depression. OSpecimens from the V_grea‘t.er trcchanter, head

~of the famr, and fibuls weré obtained.

# We have not established the presence of mesothorium or radiotheorium in

the specimens from the patient. m—»m
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30 & li-yearaold femzle who worked as a "luminous dlal" palnter

fros 1921 to 1927 and who died in 1951. Fourteen yeaws priow

to %er death the patient had mulitiple fracturea of the femora,

ost:omyelitis of the mandibl%and other complications attributed

to radium poisoning. Specimené from the vertebrae, ilium, and

rib: were obtained,
IECHNIQUE: (ROSS AUTORADICGRAPHS

We have used a technique similar to that described by Lo't.z(3 ). The

bones were serially sectioned with a band saw, the slices varying from 2
to 8 mm in thickness deperding upon their ultimate use. All bones were
: kefit in the deep freeze from the time of the autopsy or operation until
secticning tc pi-eserve the histological structure as much as possible. Just
prior‘ to cﬁtt»:‘mg » the bones were placed in dry ice. The sections were
cleaned with acetone after cutting to remove any bon;a dust which might be
present. Sirce they were frezen it did not appear that cutting caused any
distortion of the distribution pattern in ‘the autorediographs.. The bone
sections were placed between no-screen X-ray* film so that autoradiographs
of both sides of the sections were obtginedo The films were placed on a
board having the same ¢imensions as the Z-pray £ilm to providé a rigid flat
surface. The f{irst layer was covefed with corrugated btoard and a second
layer of £ilr and bone secltions was pleced on this, The bene sections
were flat encugh so that contact with the fiim was gﬁéde If a gection con-
tained much m.'az'row, it was coated with a l;‘f; solution of cell_!.oid;‘wz to

minimize chexical fogging of the fiim, Rach layer was held together with

*  Kodak
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rubber bands., care being teken to avoid effscts of pressure on the f£ilm,
Several iaycrs were placed in a large porcelain tray, packed with creped
wadding to rrevent shifting, and sealed to light by taping corrugated
board over tne top of the tray. The procedure was performed as quickly &s
possible to avoid thewing of the bone, and the specimens were then returned
to the deep freeze,

RESULTS: GEDSS AUTORADICGRAPHY

Skull: Therc were small circular areas of radium concentration randomly
distributed throughout the coronal sections of the skull, These were
rathgr sharply defined and renged from areas so small that they could just
be wisualized to 2 mm in dismeter. In some sections, these arcas were
uniformiy distributed throughout. In other parts, they were mcre numerous
toward the outer table ani in others toward the inmer table. In some sec-
tions, these areas of concentration were more numerous in the sagittal and
coronal suture lines, still in others they were concentrated along the
superior or inferior surfacz so that they appeared 'to‘ outline the interior
or superior rargin of the skull, There were also diffuse areas usuvally
measuring 2 to 5 mm in diameter, These areas are probably the result of
the combined effects of a numbor of smaller sreas. Iz general, radiuva seemed
to be more ceoncentrated in the dipleoe than ‘in the more dense surrounding
bone {Figure 1).

Humerus: Ir the trabecular bone of the head of the humerus there appeared
areas of corcentration aboub 1 to 3 mm in length and 1 to 2 mn in width
whi’ch were eijacent to the articular surface, principally near the medizl

inferior borier¥, A Irto 2-mm area of lesser density usually was present

# The humeral and femoral hsads haeve been arbitrarily divided iato four
quadrants to more accurately localize the areas of concentration. ‘
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botween the areas of concentration. Theve were smaller sreas vandomly
distributed throughout the h@aﬂ_similar to those seen in the skull.
longitudinal areas of radium concentrated in the cortex usually measured
foom o3 0 1 mm in width and from 1 to 3 mm in length. These areas were
randomly distributed throughout the cortex and were more frequent in the
proximal ocne-half of the shaft. In addition, there was diffuse darkening
oY the film in certain areas of the cortex,
Femurn: The entire head of the femur was outlined by a linear concentratiocn
. of radium 1 mm in thickness. Just beneath the articulspr certilage the
greatest concentration was around the inferior medial quadrant.

There were small rather sharply defined areas of radivm concentration
scattered throughout the bone architecture of the head varying from pin-
point size up to 1 mm in diameter. These small areas exterded down into
the neck and shaft as trabecular bone was present, In éom@ sections these
concentrations were closeiy grouped in areas .5 to 1 cm in size surrounded
by similar areas with a diffuse,less dense darkening of the film. In
general, there was more radium concentrated in the lower psrt of the head
and more in the medidl than lateral quadrant.

There was an area of concentration 1 x % cm in size in the medial cor-
tex at the level of the lesser trochanter. There was anotiar area, 1 to
2 cm in length and 3 mm in width,vhich outlined the supericr surface of the
greater trochanter.

Ir the midsection of thé medial aspect of the shaft there was a linear
area of concentration about 1 mm in width and 10 cm in lengzth gear the

periostenm. As in the shaft of_the'hﬁmefus there were lengitudinal areas
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of concentration which were rardomly distrikbul.ed threughouvt the certex
{Figure 2). They were o3 t{; 2 mm in width end usualldy 3 to 5 mm in lengbh,
In some instances, however, they extended ac far as 10 to 15 mm, In
gereral, these areas were more frequent near Lhe pericstevi. In some arsas
there was deposition near the endosteum and pericstewm ou‘iﬁl inlang the coxre=
tex. The areas were more frequent in the proximal end of the shaft as ia
the humerus and more frequent‘in the cortex of the medial one-half of the

| shaft than the lateral oné»half . There was a linear area of concentration
surrounding the distal end of the femur both sub-articulariy and on its
lateral aspects,) mm in width., In this diffuse linear concantraticn were
srall more dense areas about .5 mm in diameter,

Tibia: The linecar area of concentration of radiun around the proximal end
ard gub-articularly was present in the tibia s in the other long btones,
Similar small irregular distributed areas of concentratiorn were also pre-

. sent in the trabecular bone of the tibia as in other trebecalar bone. In
several sections, these areas were more frecuent in the meiaphyses and in a
few sections there was a vague horizontal outline of the stlerotic zone of
diaphyeecal and epiphyseal union. This horizontal outline o the sclerotic
zone was moye distant ami narrow in the distal end of the iibia.

Trere were similar longitudinal areas of' concentratior occurring in
the cortex ;‘Jf the shaft of the tibia as in the femur and buserus. In

- general, they were considerably less frequent thai in the ::«:ishe:x:* bones. As -
in the femur, they were.more freqguent on the medial side o the shaft. The
most siguificant difference botween the tibiz and other lonj bones was that

almost w1l of these concentrated arees were ncar 4he periosseum (Figure 3).

01347¢ :  ¥0be ArcHves



~ 0

S

o,

Fibgla: In the fibule, almest all of the activity appeared in the tra-
becular vone at the proximal and distal ends. Very few small longitudinal
areas of corcentration were noted in the corlex of the shaft of the fibula
similar {o t20se observed in the other lorg boaes, The five weeks expe-
sure for the shaft of the fibula was not long emough to give a satisfactory

distributior pattern.

ROENTGENOGRAPHIC CHANGES

We have observed roentgenographically areas of decreased density in
the cortex ¢ the shafte of the long bonesjand these were of gimilar di-
mengions %0 ihe areas of radium concentration found in the gross
autoradiograpns. These areas of dscreased density were found to be
macroscopic areas of necrosis. In preliminary work to ascertain the re-
lationship, if any, between these macroscopic necrotic areas and radium

deposition, no concentrations of radium have been found in or around these

TECHNIQUE: DETAILSD AUTORADIOGRAPHS

e have contimued the work initisted by Dr. James Armold'”C in this
laboratory. In earlier studies of detailed aut%?)hs it frequently
happened that the specimen selected contained little or no activity, and

extremely long exposures were necessary. This possibility has now been

o 0 N
minimized by using the gross aut#g%hs as a guide for selecting specimens
radio
from concentrated areas. The gross aub?}‘;raphs and roentgenographs were
pleced on an f~ray view box. When viewed simultaneously, concentrated

areas showing roenigenographic changes,or both could be outlined on a thin
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sheet of paper placed ofrer the gross avtoradiograph or roerigenograph.
This paper, on which the ouili.ne of the bone slice had previously been
recorded, was an accurate guide for taking specimens for deiailed auto-
radiographs, It also served as & permanent reco rd of the exact location
from which the specimer was taken.

These samples of bone, 5 to 1 cﬁx in width and 1 to 2 ca in length,
wepe fixed in acetone and imbedded in a mixture of celloidin and diamyl-
phthalate. This method was devised particularly for obtaining thin
sections of bone containing radioelements; it has two particular advantages.
Routine procedures of fixation have been found to leech radioelements out
of bone. Similarly any attempt to de-calcify the bone may Hstort the
distribution pattern. This method ;anablgss one to cut gerial sections,é o
12 microns .in thickness’fram blocks of un-decalcified bone. However, it is
not as satisfactory for obtsining thin cross sections of dense cortical
bone. Cross sections,50 to 150 microns. thick, were obtained from this dense
cortical bone by a different technique which was satisfactory for au@?xfia%%so '
The piece of bone is mounted on 2 platform and held in place firmly by
sharp prongs. The platform can then be moved in three planss so that the
bone may be oriented for .cutting with a small stationary rotary saw(‘?)ov

A photographic emulsion about 5 to 10 2 thick is placsd over these
histological preparations foliowing esteblished techniques v o The sl;ldeé
are placeci in boxes and sealed from light and humidity. ATier suiteble
exposure, which can be determined by varying the length of %lme the slides
are exposed, the aut%gg%g is developed. The sections are ihen stained

using hematoxylin as a regressive stain, 1.2, the sections were overstained
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and then the stain removed fmm the photograph:.c emulsion 25 much as
possible. H:Lstolog:.cal de'i".czlls and radioelement distribution can now be
observed simultaneousliy.
RESULTS: DETAILED AUTORADIOGRAPH

In genefral » radium was found to be concontrated in about 5 to 15 of
avery 50 }{aireraian systems observed in corticsl bone. In the sections from
which the photomicrographs of Figures 4, 5, and 6 were takezf% ‘,.c.almoet no
activity was observed except in this small percentage of )#?vereian systemns
ard in interstitial lamﬁllae in which radiux was rather hezvily concen-
trated., Within the )fafrﬁraian systems the radium might be confined primarily
10 one or two concentric lamellae, as shown in Figure 4, o the greatest
concentration might be tfound around the periphiery of the cmntral canals
of periphery of the )i'aversian system itself. In others it was foumd dis-
tributed throughout the system, Note in Figure 4 the llghuer concentration
of radium in the interstitial lamellae be'bwﬁeen the two aizrs:z.an systems
with heavy radium concenvration and the ,H/a’;re;rsian systems cbove ard below
free of alpha tracks, _

In Figure 5 the microscope was focussed on the undeflying histologicsl

ﬂoc‘
suructure. Observe that the ){eversian systcm in the upper left has under~

gone extensive destruction and the other ¢.{r’ersu.an system in the lower lefi,
which has radium concentrated,is relatively noymal except for an apparent
occlusicn of the central canal, The agv.grw.m syster in iie lower cantbral
part of the phétomicrograph did not have any radium present. It will be
noted, however, that the ceatral canal is increased in sizc and £illed with

:n emorphous material, One of the most interesting things which occurred
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is the darkening over the two concentric lamellae in which the alpha
tracks were nmore concentratéd.. This wore cieusrly delineates the uarea of
deposition of radium within the }r’af;:;-sian system than in Figure 4. This
derkening was not observed until seen on the photomicrogrezn. Figure é
shows a distinct linear concentration of radium deposited ia an inter-
stitial lemella gradually falling off to the left. The proximal end of
an area of destruction’lOO microns in_ leng_th, is present in “he upper right
corner of the photomicmgraph; Ko alpha tracks were preseii.

In trabecular bone, the areas of concertration of radigm were usually
'about. 5 to 15 microns in the greatest diameter and, as in #igures 7 and 8,
assume aimost any configuration. The trabeculiz on the left has one small
ayea of concentration on the superior surface. In section: exposed for
much shorter lengths of time the diffuse scattering of the ilpha tracks
geen throughout the section were not usually cbserved. In Pigure 7 there
is a linear concentration of radium on the superior side o’ the area of
greatest concentration which runs parallel to the curvaturc of the trabe-
‘cula for a distance of 4O-50 microns. These linear areas o radium conczn~
tration were also noted in cementing lines of contact bone.

In some areas, several adjacent trabeculse had these areas of con-
centration while in others a large number of f:i.elds could U3 observed which
were relatively frés of radium. |
‘DI3CUSSION

-‘l‘he availability of large amounts of fresh human bone as permitted
us to obtain a comprehensive picture of radium deposition {hroughout the

skeleton by serial groas autoradiographs and to study the })?;‘@Ciée manaer of
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deposition of radivm in compact and trabecular boae by gserial detailed
auntoradiographs. o

In the trabkecular tone the ;a.x'eas of concentration are usuzlly pinpoint
to .5 mm in diameter, A large number of thes sreas may be :oen rather
closely together giving an impression of much larger comce:sration. These

| szall arcas of concentration were so numercus &t the Junction of the arti-
cular cartilage and bone that they appeared grossly as an cutline of the
centour of the articular surface, This outline' was usually about 1 mm in
thickness and in some instances extended round on the lateral aspects se
that the entire proximal or distal end of the bone would be outlined. In
some bones, a vague horizontal line of concentration was formed by an in-
crease in frequency of these small areas at the junction of the diaphyees
and epiphysis.

Martland's gross autoradiographs of the luminous dial worker were so
indistinct that we were unahle to make compavicon between nis findings and
the results of this investigation.

Contirmation that the darkened areas on the X-rzy filn resulted from
the alpha emissiocn of radium was made by deta,iied autoradicgraphy. The
szme random distribution observed grossly was found microscopically. These
snall aress were usually sbout 5 to 15 micror;s in diameter and were seen &t

varying depths within the trabeculas, However, there were wide veriations
in size and shape of the arecas of cohcent.ratiom In certzia areas a con-
sn‘e.derable nunber of trabeculas was found to have heavy concentration of
radivm. This was rather striking at the junction of the ‘t-z'abecglar bone

and cartilaginous disc of the vertebrae of the luminous diul worker. In

81 _ ._
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some sections of this patient almest all of the trabeculae adjazcent tc the
cartilage had heavy conceniraticns of radicelenants., No significant
difference h:s beea observed in the microscopic examination of the detailed
autoradiogrenhs of trabecular bone of this patient and the patients who
were knoim tc have received only radium.

Similar correlation was made between the gross and detailed auto~
radiographs, usually measuring .3 to 1 mm in width and up to 15 mm in
length gros'c Lyywere found to result. fx'om the concentration of radium in the
surprisingly smell percentsge of ,E{aversmn systems and in interstitial
lamellae of “he same bone, |

The firding of the rendom distributions of concentretions of radium
such as the linear and sm2ll irregular areas of concentration in trabecular
bone %nd the concenirations in cementing lines and 1n the small percentage
of }fg‘;r;rsian systems in compact bone supports the general impression that
radiwn is deposited in areas which are metabolically active at the time of
administration or re-distridution. The diffuse and more uniform distri-
bution seen in sections exposed for longer periods of time may be the re-
sult of a different mede of deposition such as :wn excnanae( 9) o

We have not attempted any quantitaticn at this time. Grossly, it does
.appear that “he bones hav:mg the most radium, determined by physical means,
have an increase in frequency of vérsxan systems containing radium, We
have not found the uniformiity of distribution within the ,!{averslan sy stem
reported by Hoecker. In most instances the greatest concentration is confined
to one or two concentric lamellae with considerably less conceniration in

- 8.
the remainde: of the ﬂ;érersian system. This could be the result of (1)
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the longer period of deposition - 7 to 10 yesrs as compared te 17, 22) and

2, years, (2) the difference in deposition of mesothoriu: amd radiothorium
and radium in the luminous dizl workers as comparad to radium in mwost of
our material, (3) or differences in technigues or selection of specimens,
The most likely possibility is that the specimens selected had }i/av:ersian
systems which only had a uniform distributicn.

The chief advantage of the method we hzove used is that the manner of

 radium deposition and bone destruction mey be determined groesly and that

this information can be used for accurate selection of specimens for study
of bone histopathology and detailed autoradiographs. Specimens cen be

accurately selected from areas showing destructive changes roentgenographi-

| cally and/er from areas of concentration of rodium seen grossly. By

placing the bone specimen on thin paper on &n X~-ray view tux the outline
of the specimen may be quickly made. This culline is then placed over the
autoradiograph or roeatgenograph and the exsct area for deitailed aulo-
radiographs and histologicsl specimens sketchod on the outline of the bone.
This outline is then placed adjocent to the buone so that il.e exact level .
and area may be marked on the bone. The psper is a irery convenient and
accurate record of the specimens, so that the gross auloradiographs and
roentgenographic changes nmay casily be refez*x:ed te in the study of histo~
pathology as well as detailed autoradiographs., We haveé noi used the gross
sutoradiographs to deterains the exact dimensions of the sirsas of concern~

tration in bone because of the lack of resoluiion. Its principal

advantages are: (1) a comprehensive picture of the manner of distribution

Y
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throughout the skelelon is given, (2) +the approximate dimeﬁsicns of the
areas of cor-sntraLion may be obigined and (3) it serves as a useful
guide for th:o selection of voncentrated areas in which the exact dimengions
mey be deteriined from detailed autoradiographs. This procedure has a wide
range of pot:zatial usefuiness in clinical investigation using radicisctopes
and in the mure aCCuﬁ-ate evaluation of therzpeutic effectivenses of the
gross autoraltiographs.

As in most procedures, complete reliance camnot be placed on the re-
sults of the gross autoradiographs. On a few films, obvious chemical
fogging was oresent as a result of liguid from the marrow. It is known
that pressurc will cause darkening of film, However, care was taken to
minimize these factors. In general, we consider this method accurate and
reliable becouse of definite confirmation of the gross findings by detailed
autoradiograras and the sstisfactery results obbtained by other investiga-
tors. |

If radon gas, the first deughter element of radium, is diffusing
arourdd in th: specimens ¢f tone before application of the photographic
emulsion or ‘?;zxrough the epulision during exposure, to a significant degree,
it may introiuce difficultics,especially in any attempt to estimate any
amount. of raiium necessary Lo produce bone damage. We consider trﬁ:wgoaﬁd
not be of siznificance in this investigation since there should be 2 vai- .
form loss throughout and we have been primarily interested in the qualitative
aspects of duposition thus far.

In genetl?al, our observations are similar to those of other investigators.

Radium is depvsited in an irregular manner in different bones as well as
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within the same bone., We are avoiding the obvious coaclusion that a
:veck relation between macr;oscopic areas' of destruction &l radiun con-
cenbration exlsts because both are of the éam_ea Aimensions, as well as
emplaining the failure to find radium concentrated 1!1 or around these
e rot:t.\. areas by saying that by the time they becoms necroiic the radiom
has been removed, This may, and in some insiances probably does, occur.
The avoldance af this conclusion is based on failure, thus i‘ar, to
find areas of transition in which both roentgenographic change and radium
concentmtion were present and bhe presence of destruu‘olve changes within
the )ﬁ erslan systems in the presence or absence of concentirations of
radium, It should be apparent that the difficulties involvad in recon-
structing a pathological process of 20 1o 30 years duration from specimens

obtained at the termination or zit one stage of the process are many.

SUMMARY AND CONCLUSIONS |

A comprehensive and ﬁrecise pattern of the mode of dep:;sition of one
heavy bone-seeking radicelement (radium) in human skeleton ias been
o'btan.neczo |

In general, it was found in small areas.cf heavy conceabration
irregularly distributed in both cortical ard trabacular bouz,

In hrebecular bone these areas of conce;iﬁr._ai::i.on were -:3ually § to 15
microns in the greatest dimension and were found at any deith within the
yrabecula. There waé a wide variation in sizc and shaps o these aress
and in scme instances 1inear concentrations 1~n parallel t. the cuz-vaturé

of the trabecula, 50 - 100 microns. At the junction with ths articular

T ARCIVES
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certilage of such bones as *ahe humerus, femur aand vertebr:z heavy and
rither uiiform concentrabions in the trabecclae were prese:i and appesred
as & l-mm linear outline of the entire articular surface of the bone on
gross autoradiographs. Im svac bones, the meiaph ysee:lgﬂgépi_gshyseal
junction was indistinctly outlined by an increase in frequiacy of these
gmall arsas of concentrstion. %The skull had more small axrcas of concen—
tration than the other bones ard these were more frscuent in the diplee
than in the dense tables,. |

As in {rabecular vone in which only a small percentage of the tra-
beculae had small concent.rated areas of radivm, compact bo,xa had only a
swall percentage of the )‘( aversian systems and interstitial lamellae in
wbigh radium was concentrated, There was a random dlstrim; sion of the
l’{wersztan systems and interstitial having redium ooncen'cra 2d. However,

they were usually more fyecuent nearer the periosteum. The length of

these areas of concentration waes usually 1 - Lf;' mm, However, in some in-
o Al o/.'fi
stances there were 10 ~ 15 mm within the )évex'sian systew in a large mumber

of instances radium wes most concentrated in only one or two concentric
lsmellse. Some cementing lines were clearly ocutlined by huavy concentrations
of radiuite In some sections exposed for long periods of time there was a
mwch less concentrated and more uniform distr;'x,bution of raiium. These
findings are in agreement with exisgting thecrises that radiuin has more than
ore principal mede of deposition. The small, higaly concerated areas may
have been areas in which bone formavion was taking place ac the time of
aéministration or redistribution of the radium. The more wiiform and less

dense distribution may have resulted from irerganic ion exchange.
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The macroscopic areas of destruction found in the roenigencgraphs
ard the areas of radium concemtration on the gross autoradiographs have
served as a guide for the accurate selection cf specimens Zor study of
the depesition of radium microscopically and of the histolrathological
changes.

We have substantiated the well established fact that i2avy beone-seeking
redioelements cause bone destruction. Ve ha*;e awided, at present, the
obvious conclusion that a direct relation between necrotic areas and areas
of radium concentration exist bscause of many difficulties :involved in the
reconstruction of a pathological process of such long duraiion. Additional
information from the work in progress may give a better unisrstanding of
the relotionship between the deposition of radium and the histolpathological

changes.
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Figure@ These are three gross autoradiographs:fcoronal sections of the
skuil of patient No. 1 exposed for 5 weeks. Noue the vafia'hion
of the size of the areas of concontration and liow, in certain
areas, they are grouped so closely together that they appeas
as one large concentration. The light area just to the left
of the cerrber-of the second section is probably due to poor
contact on the £ilm. In the center of the thiid section very

smell areas of concentration outline the inner table,
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Figure_ 2. These are autoradiographs of two longitudinal scctions of the
cortex of the femur. The smaller section was talken 2 nm frbm
the periosteum and the larger section cut just medial to it
The areas of concentration are more fraquent in the amaller
section and the up}:er emfhthé larger section which were nearer
the periosteum. The large area of darkeixing in the center of
the larger section is prébabl;r the result of an cndostesal
concentration of radium, since this surface was on the peri~

phery of the marrow cavily.
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Figure@ This is an autoradiograph of an eniire section o7 tibis de-
m;)nstrating the irregularity of distribution of radium in
trabecular bone. The small areas of concentration seen in the
proximal end extend  down intc the shaft as fur es the
trabecular bone extends. In the distal end the concentration
is near the articular surface. The vague outlina of the
ugclerotic zone" of the metaphysezli-epiphyseal janciion canuot
be seen in this section. It does show the line:r area of
concentration adjacent to the articular certilzzs, In the
cortex of the shafi the areas of concentration :re not fre-
quent, however, they are more numerous in the iiedial shaft

~ and near the periosteunm of both shafts. Observ: the diffuse

less dense outline of the shaftis,
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Figure L, This is a detailed sutoradiograph of a cross seciion of
cortical bone from the humeral shaft of patient No, 1 ex-
posed for 50 days. These are two of the small mumber of
A(aéﬁz:sien systems having radiwm concentrated in this section.
The most concentration is in two concemtrie - lamellae in

¢

the center of the Haversian system. The elpha beacks are

less dense in the remainder of the ﬁ%v:;'sian gyshems and the
inberstitial lamellae between the systems. Obscirve that the
activity suddenly falls off around these aress v concen- -

tration and the rest of the photomicrographs ars relatively

free of alpha tracls.
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Figure 5, This is a photomicrograph of the bone underlyins the detailed
autoradiograph of Figure 4., Note the dark conceutric rings
outlining the lamellae having the greatest concentyation of
pradivm, The central part of the }&v;srsian gystza in the
upper lsft is undergoing destrut.:tive changes. Jigures L and 5
demonstrate how radium concentration and histop:sthological

chenges can be studied at the ssme time,
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Figure &.
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(134-day exposure). Patient No. 2. The trabecila in the
upper right has radium concentrated in the center. The one
on the left has one small concentrated area at .ts superior

border with random distribution throughout,
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