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Thesis 

This paper presents a revi&w of the use of 

plain mammography in the diagnosis of carcinoma 

of the breast including a survey of its application 

1n the University Hospital. 
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¥.LAMMOGRAPHY IN. IHE 
DIAGNOSIS OF CARCINO¥.tA OF TH.li. Bfil.AST 

A LIT�RARY fil..VI�W 
AND STUDY OF CASES AT THE 

UNIV�fiSITY HOSPITAL 

Introduction 

In the hands of the particularly qualified rad

ioloB1st, plain mammography has been shown to be a 

useful and accurate means of diagnosis of carcinoma 

of ·the breast. However 1t has received only limited 

clinical application, as its use has been largely 

limited to that of a special diagnostic technique. 

Failure of a more widespread and routine appli

cation of mammography can probably be explained on 

the basis of three factors: (1) failure of the attend

ing physician to recognize its value, (2) failure of 

many radiologists to become adept in its application 

and interpretation, and (3) expense. The problem 

is thus essentially one of fur�her education of the 

medical profession in its US6 and application. 

Cost should remain a minor factor in view of benefits 

of early and accurate diagnosis of breast malignancies. 

Historical Development 

The first application of pl�in mammographJ to 

the diagnosis of mammary carcinoma was made by the 

German, surgeon, Salomon (1), in 1913. In an effort 

to study the extent and mode of spread of mammary 
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cancer in order to obtain more adequate biopsy spe

cimens, he studied 3,000 mastectomy spGcimens cor

relating the roentE,enographic find ine:s with the e,ross 

and microscopic features of the tumors. His work 

contained a wealth of information which, thou Bh not 

imm66iately applied clinically, ha s had a great im

pact on subsequent investigations. 

Salomon demonstrated that mammograms could be 

used to deliniate the margins and extent of a tumor. 

In one of his illustrations note is made of t i ny 

calci f ic densities at the cen~er of an infiltrating 

tumor, an important diagnostic point which was over

looked until nearly forty years later. He was able 

to d ifferentiate between scirrhous and nodular :t orms 

of breast cancers. He also reported the first "clin

ically occult" breast cancer to be found by roentgen 

examination. 

Following Salomon's publication little was con

tributed to this subject until the 1930s during which 

period numerous papers appeared. In 1931 Goyanes, 

Gentil, and Guedes (2) presented a preliminary report 

on roentgenography of the breast as a new method of 

diagnosis. Other reports from the ~uropean litera

ture appeared from a eroup in Leipzig (3, 4) Jnder 

the auspices of Payr. 
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In 1930 Warren (5) mad6 the first important 

contribution to the American literature. Using ster

eoscopic films of the breast, he reported a high 

degree of correlation between the roentgenographic 

diagnosis and the findings at operation or autopsy. 

Numerous contributions to the knowledge of the roent

genographic findings in all physiologic phases and 

pathologic states of the breast came from Seabold (6,8), 

Reimann and Seabold (9), Lockwood (10, 11) Lockwooa 

and Stewart ( 12), Ger sh on-C oben and Stric Kler ( 13) , 

Hunt and Hicken (14) to mention but a few who con

tributed significantly. 

Except for technical advances little of signi

ficance appeared from t-his time until 1951 when 

Lebore!'.'le (15) reported the finding of peculiar 

calcifications in mammary carcinomas s.s an import.ant 

a iagnostic sign. 

Plain Roentgenography of the Breast 

Technlcs of Study 

he roentgenoe,raphic technic s utilized in the 

study of the breast are aesigned to proauce films 

of maximum soft tissue contrast and detail coverln~ 

as much of tbe bres.st area as practical. Lame and 

P6nd ergass ( 16) have revie \ved tecnnic s utilized pr·ior 

to 1947. 
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Presently tane3.enttal, preferably taken in the 

upright position with the x-ray beam p9.ssing through 

the breast in a cranio-caudad direction, and lateral 

or oblique views passing through the base of the 

breast are commonly utilized. ~gan (17) has recent

ly recommended the addition of an axillary view for 

more complete evaluation of the tail of the breast 

and the axillary lymph noaes. Various devices for 

compression of the breast have been sue.,e,estE:-d, none 

of which are uniformly employed . Spot films of sus

picious areas also are of value. 

The technical factors vary accordine to equip-

ment available. Cardboare filmholaers are eener·ally 

used. Standard x-ray film has been employed, however 

recently Egan (17) suggests the use of"Kooak Indust

rial M" film for better details. Other factors commonly 

employed with standard film are (1) a focal distance 

of 30 to 40 inches, (2) 20J to 300 milliamperes , 

(3) 20 to 30 kilovolts, and (4) an exposure time 

of 2 to 3 seconds. 

Again it should be pointed out that the above 

factors are variable in different hands and require 

a large degree of' individualization. Spec.ia.l super

vision and personnel experienced in the technics 

utilized should result in optimum quality roentgeno-
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grams of the breast . 

Normal hoentgcnog.r-apbic Anatomy (Fig . 1 & 2) 

The breast is suited for ro6nt5eno6 raphy by 

virtue of the contrast existing between the radi8 -

lucent fatty tissue surround i ng the corpus mammae 

which is relatively raaiopaque . Leborgne (18) ais

tinguisnes three separate regions of the breast 

roentgenographically : (1) the e,land, (2) the adipose 

tissue and (3) the cutaneous covering . 

( 1) The Gland - Corpus l•1arnmae: hoenttenoe,raphi 

cally the corpus mammae has the shape of an irregular 

triangle being more aeveloped on the axillary side . 

1'he contour of the glana is tree and irregular except 

at its vertex where it converges and adm:res to tt1e 

nipple . 

The corpus mammae is constituted by fibrous 

stroma and the glandular elements . It presents treat 

morphologic variations depenaine on the somatic con

stitution and period of sexual activity . 

The gland undergoes cyclic changes during the 

menstrual cycle . Lockwood and Steward (12) demon

strated a slie,ht de.er-ease in the sharpness of' aetail 

of the fatty constituents uf the oreast 4 to 5 days 

before menstruation. 1.rhis is on t.be basis of a hazy 

frond-like accentuation of glandular and ductal pattern 
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of the brea&t. 

The breast also undergoes marked chanees during 

ge station and lactation. InE,leby, Iv.oor-e and Gersnon

Cohen (19) have studied these change s by serial x-rays. 

The ,narked pr·olif eration and distention of the breast 

nearly obliterates the normal breast features makine. 

studies of pathologic changes during this period 

grossly inaccurate . 

During adolescence the breast eradually develops 

into the opaque clearly defined gland of youne, wome n. 

After the menopause, the gland atrophies, is infil

trated by :tat, ciissoctates and 6raaually disappears , 

being replaced by fatty tissue. · 

(2) Adipose •r issue: The adipose forms th~ trans

lucent element which surrounas and iniiltrates the 

corpus mammae . Its quantity varies with tbe age, 

functional state and constitutional type of the in

dividual breast . It forms the raaiolucent pr€ u:. ammary 

and retromarnrnary zon€s described by Lockwooa (20). 

(3) Tne Cutaneo.1s covering : The dermic and 

epider~ic thickness of the breast is reprGsented by 

a radiopaque line approximately one millimeter thick. 

It is attached to the una erlyi11e_ breasts by the su s

pensory lie,arr.ents . The areolar a re a may oe cicmonstr-a

ted as an area of decreased raaiolucency . 
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Find in~ in Carcinoma (F'1g. 3 -9) 

G€rshon-Cohen and Ingleby (21) have summarized 

the primary and secondary aiae,nostic x-ray criteria 

of malignancy as follows : 

Primary Criteria : 

(1) The size of the tumor is less in the 

film than that determin€d by palpation . 

(2) The radiopacity of a malignant tumor 

is apt to be greater than that of the 

surrounding tissues; and the more fat a 

breast , the greater is the 6 i..fference in 

contrast betw€en the tumor and p€rifocal 

tissue . They also confirm the presence 

of punc ta te calc it icati ons in and ar·ound 

many malignant tumors. 

(3) The margins of a malignant tumor are 

irregular , tentacled and spL.allated . 

(4) The perifocal tissues in the tumor 

bed of a malienant er~wth are blurred and 

d 1st orted . 

Secondary Ori t€ria : 

(1) Alterations in the position of the 

nipple . 

(2) Local or diffuse thic~enin8 of the 

skin , sometimes wltn retraction. 
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(3) Accentuation of the trabeculae, espe

cially i t the malignant process is 6.iffu.se 

or widely spreaa. 

(4) Increased vascularity in the parenchyma 

and in the subcutaneous fat layer . 

The calcifications seen in malienant neoplasms 

of the mam.nary gland deserve special comwent . 

Leborgne (15) describes them as follows : "scatter

ing .. • .•.• of punctate calcifications resembling fine 

grains of salt •••• in and surrounding, tbe nodule . 11 

Tt is f'inain~ is practic:illy pathoE,nomonic o.t carcinoma, 

however it must be differentiated from coarser types 

of calcification f"ou.nd in benign conditions , includ

ing fibroadenoma, fibrocy&tic disease, and vasculac 

and ductal calcification . Leborgne reportod this find

ing in approximately 30% of his cases, bowever ~gan 

(17) found them to be present in 47% of 245 cases in 

bis series . 

Critical ~valuation 

Diagnostic Accuracy 

Warren (5) in 1930 reported an ac~uracy of 85~ 

to 95% preseGt in diagnosis of breast malignancies 

in a select series of 119 cases, thirty-three of which 

were obvious advanced cases of malie,nancy . Egan (17) 

reported a a iagnostic error of O. 83~ in 240 cases of 
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malignant lesions founa in 1000 con&ecutive .na:n,noe:,rams 

at the M. D. Anderson Hospital and Tumor Institue. 

Innis series 20 cases out of 182 proven benign at 

biopsy were diagnosed as malienant . Five cases of 

malignant disease which had excisional biopsi€ s prior 

to mammography were reported negative.. Study of surg

ical specimens in these cases showed no residual neo

plasm. 

Gersnon-Cohn, hermel and Bere,er (22) corr·ectly 

diagnosed malignant lesions in 22 of 23 proven cases 

indicating a high aee:ree of accuracy though only a 

small sample. 

Role in Routine Cancer Detection --- --
Gershon-Cohen, Hermel and Be;:rger (22) report a 

f'ive year study of the use of mammography at six month 

intervals for purpose of cancer aetection in 1312 

women who were symptom free at tne time of iirst exam

ination. Breasts were examined clinically after the 

initial cXaffi a nd prior to subsequent x-ray examinations. 

Of these women 25'6 dropped out of the series after 

one or more examinations . They repor·t a case tindine 

rate of 17 .5 per 1000. Of' the 24 malie:,nant lesions , 

6 we:re not clinically palpable . At .)peration 16 of 

these 24 patients were free of axillary metastasis . 

'l'hi s compares to a case finalne, r-atE. of 6 .1 per 
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1000 at the Cancer Detection Center of the University 

of Minnesota (23) over an eleven year period in women 

over 45 years of ae:,e, and a 3.8 per 1000 case finding 

rate in a three year survey at the Stra:ig Cancer 

Prevention Clinic in ~ew York without use of mammoera

phy . In the University of ]llinne sota, 71% of cases 

diagnosed were free of axillary metastasis , wnile 5070 

at the Strang Cancer Prevention Clinic were found to 

have axillary metastasis . 

Gershon-Cohen and others feel these results point 

to the value of routine use of mammoe,raphy in cancer 

detection. However it should be noted tnat the case 

finding rate in his series was near 13 per 1000 cases 

on clinical examination alone, pointing to a signifi

cant difference in the population sampled. 

Results with Plain Ma!Ilffioeraphy 
at tne University Hospital 

During the period from ~ovemb&r 21, 1960 to 

E'ebruary 8, 1962 plain mammography was per1 or/lied on 

51 patients at the University Hospital . 01 these 

patients 14 were not incluaea in tne study aue to 

inadequate aata. A total of 76 maminotrams were cone 

on the 37 patients included in the stuaJ. ~ach exam

ination consisted of lateral or obli ~ue and a tangen

tial view of the breast with the exception of 8 cases 

where only sinele views were obtained. 
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The results are as follows · . 

rioente,enoe,raphically 
Total 

Benie,n 1egative foa lignant 

~1al igns.nt 
lesion 18 2 5 11 

Bt.nign 
lesion; 8 

, 
2 1 ':J 

biopsy 

No lesion; ' 
biopsy 1 1 

Benign 
8 lesion; 9 1 

no biopsy 

No l~sion; 
no biopsy 40 40 

Total 76 15 48 1.3 

Discussion 

A dia~nostic acc~racy of 61% was ootainea with 

plain mammoeraphy in ths present series of 18 cases 

, 

of malie,nant lesions of the breast. In one case t.he 

diagnosis was m1sse6 on the first exam1nati8n, but was 

de .m onstrateci on a repeat examination • .fteview 01' the 

original films in this case revealea tne lesion to 

be present at that time. l~o lesions were oemonsl.,rable 

in the r-emainaer of malie;,nant cases v.nich were r·eportc<.. 

as benign or neeative. 
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.i\i,am111ocr·aphy was 1nstitut€d at the UnlversitJ 

Hospital as a part of the teacnint, pi·oe.r·am for the 

radioloe::.ic staff . At the onset it was r·ecoe,nized 

that the procedur$ would be of limited value aue to 

the lack of experience of the attenaing staff . l\io 

claims were made for the a.ccl.lr·acy of the · procE:dure . 

'fhe analysis of the present series points to a 

lack of proficiency in the t6chniques presently employ

ed. Pathologic data available on the cases is insuffi 

cient to analyze for possibl~ sources of error . This 

woula be of e.,reat value in aid ine the rad ioloeist. to 

impr·ove his proficiency . 

The radioe,raphic technique usea at tne 0niversity 

Hospital has shown improvement as experiencd has been 

gained by the techniciani:, . 'I·he value of 1 ilmb wnich 

adequately include the base of' the breast should be 

emphasized. The addition of an a~illary view to each 

examination woulo be of value as indicated by ~gan (17) . 

The ability of the att.snding raoioloe,ists to 

diagnose cancer of the breast by c.11ammography is llini t 

ed as indicated by the present series . The small series 

available for study and lack of adequate patholoE_ic 

data are a severe handicap in eainine a high aeeree 

of pl'Ofi.ciency with the procedure. Specialized train

ing in this techni~ue woula seem aesirable if a ni 6 h 
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degree of competence is to be gainsd . 

~gan (25) has instituted a five day training 

course for radioloeists at the University of Texas 

11. D. Anderson Hospital and Tumor Institute in an 

effort to teach raaiologists bis technique . Present

ly a cooperative study is beine carried out with 

eighteen radioloeists trained by .b..ean to aetermine 

if his results can be reproduced. The rebults of 

this study will be an aid in evaluating what can 

be expected from this technlque in the future . 

summary 

Plain mammography has received only limited 

application in the diagnosis of carcinoma of the 

breast . Recently a high degree of accuracy has been 

demonstrated for this technique in the nands of one 

highly qualified radiolog,ist . It has been shown to 

be of value in the aetection of clinically occult 

lesions of the breast . Aavocates for the routine 

use of mammography in cancer detection have been 

gained . 

The techniq_ues of study and the diagnostic cri

teria for cancer of the breast with plain 111amffioe_raphy 

have been established . The trainin6 of the radioloeist 

in their application must be obtain~a if a high 6eeree 

of accuracy is to oe attainea . 
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A study of the mammograms performed at the 

University Hospital reveals a diagnostic accuracy 

of 61 per cent in 18 cases of malignancy. Adequate 

analysis of factors leadinB to errors could not be 

made due to limitea data available re5arding these 

cases. Suggestions for improvement are made. 

Conclusions 

1. The diagnosis of carcinoma of the breast can be 

e stablishEd with a high degrse of ace uracy wi tb 

plain mammoBraphy in the hands of the part icularly 

qualified radiologist. 

2. A diagnostic accuracy of 61 per cent was obtainea 

in 18 cases of cancer of the breast st~died at 

the University Hospital. 

3. Ade -1uate coverage of the breast by the mammograms 

must be made for accurate interpretation. 

4. Special training of the radioloeist is necessary 

for proficiency in the interpretation of mammoerams. 
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Fig . 1. ~ormal bre~sts, 1emalE, age 19. (Lateral 
views) Pro.ninent, opaque co:r pus marnaJae with scanty 
adipose tissue make the visualization of pathologic 
c o nd i ti ons d i ft 1 cu 1 t . 
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Fig. 2 . Normal breast , female , age 6 4. (Lateral 
and cran1o - caudal view) lhe corpus ,.uamilla has prac
tically disappearea with only a network of fibrous 
strands ana 9. few vessels visc.1aliz.ed . 
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F'ig. 3 . Ad enocar·c inoma o the br·e ast , 
female, age 76 . (Lateral vi~w) The car 
cinoma is demonstrat.ea in tne superior 
pole as an irregular area of increased 
density with spiculatea mareins associated 
with skin thici{enine, ana r·etraction of t.bc 
nipple. The elobular aensities in the ffiia 
portion of the breast represent benie,n auc
t.al calcifications unassociated with the 
lnal i gnanc y • 
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1' ie. 4 . Adenoc arc inoma of the br·e ast , 1 eu1ale , ae-,e 52 . 
(Cranio - caud -s.l ana lateral view9 ) l'he carcinoma is 
ds wonstrated as a poorly aelinea area of increased 
density in the superior lateral aspect of the br-eabt. 
Two types of c ale if i cation are d err.onstratca . The 
scattered punctiform calcilications deep in the breast 
are practically pathognowonic of carcinoma . i he 
coa~lomerate calcific aensity is typical or ii~ro
cystic disease . 
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'ig. 5. aenocarcinoma of the b.r·east , female, ae,e 70. 
(Granio-caudal view) ·rhe carcinoma is visualized 
as a large poorly definea area of increased aensity 
in the lateral aspect of the breast. The s~in thick
ening which was clearly demonstrated on tne original 
x-ray films ls not clearly demonstrated on the photo
graph . 

V 



r•ig. 6. Adenocarcinoma of the oreast, e iale, age 56. 
(Cranio-caudal view) The carcinoma is aemonstrat&a 
in tne lateral asp6Ct of the breast as an ovo1a area 
of increased density with stellate rami ications an 
frond-like accentualions associated with a laree 
vessel ramtfying toward tbe lesion dellionstrating 
bypervascularity. 

Vi 



Fig. 7 . Fibrocystlc disease , female , age 49 . . (Cr·anio
caJdal view) There is a aifiuse increase ln tne 
fibrotic component of ~he breabt . Th& s mooth circ~m
scrlb\::.d 9.r-ea of' increabed density repn,sents a cyst . 
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Fie, . 8. Intraauctal papillomatosis of' breast, 
f' emale , a e,e 64 . {Later al view) Tnc papillo
~ae are oemonstrated by the noaular densities 
be neath the nipple . Scattered ~lobula r ouc
tal calci f ication is aemonst rated. ~arly 
vascular calci fi cation ls de u1 onstrated oy 
tbs circu ml tnear granular calcification 
in the mid- uperior area of t he breast . 
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F'ig . 9. Fibroadenoma of the breast, rcaiale, 
age 63. (Lateral view) The f'ibroadenoma 
1 s d ewonstrated beneath the nipple as a 
well-de fined hornoe,enous c ire ...i_lar radio-
pac ity with noaular calcification& . ~he 
adjacent dense globular calcitication 
repre&ents a benign auctal cyst. 
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