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Xeroradiography is a diagnostic radiologic method
which has proven to be an excellent modality for

mammary examination. It is an important tool in the
detection of early and occult carcinoma and in the
evaluation of a clinically palpable mass. The concept of
total patient care as practiced by our medical group
allows for close follow-up of cases and accurate deter-
mination of outcome in almost every instance. Our
experience these past 17 months has confirmed the ex-
cellence of mammary xeroradiography.
The principle of xeroradiography was discovered by

Chester Carlson, a physicist and patent attorney, in
1937. It was further developed by McMaster,2 Hills1
and others.3- Recent technical improvements made by
the Xerox Corporation have made the work consistent,
reproducible, and automatic. No review of this subject
would complete without crediting John N. Wolfe, M.D.,
Hutzel Hospital, Detroit, Michigan whose diligent effort
made this technic feasible and available to all radi-
ologists.6'0

Xeroradiographic Process
Xeroradiography differs from conventional radiog-

raphy in the substitution of a positively charged seleni-
um-coated plate for X-ray film. The positively charged
plate is placed under the breast (or other part of
body to be examined) and is exposed to the conven-
tional X-ray beam. The charge pattern remaining on the
plate after exposure corresponds to the various densities
in the breast, according to the amount of radiation
absorbed. A negatively charged blue toner powder is
dusted onto the plate, and the amount of toner
attracted to the plate is proportional to the residual
charge pattern. This image is then transferred onto a
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sheet of plastic-coated paper as a permanent record.
The image is delivered from the machine in 90 seconds.
Concurrently, the plate is brushed clean-all latent
images are removed, and the plate is stored and made
ready for recycle and reuse. The process is essentially
automatic.

Clinical Indications
Indications for xeroradiographs included fibrocystic dis-

ease, with or without pain, a dominant mass, nipple
discharge, family history of mammary cancer, prior
mastectomy and cancerophobia.

In our first 17 months, October 1971-March 1973,
utilizing xeroradiography instead of conventional film
mammographs, we examined 4,183 cases.

Three hundred and ninety-three of these patients
subsequently underwent operation and of these, 133
were found to have carcinoma of the breast. In our series
of selected patients, greater than 37% had mammary
cancer. The age distribution of our mammary carcinoma
population is presented in Table 1.

Eighty-one of the cancer patients had a dominant pal-
pable mass and were suspected of having possible
mammary cancer. Forty-one (51%) of these patients
were subsequently proved to have "positive" axillary
nodes.

Fifty-two occult carcinomas were demonstrated on
xeroradiographs. These patients had no palpable mass
or clinical evidence of primary mammary carcinoma.
The indications for xeroradiography in this group in-
cluded previous biopsy, postmastectomy check-up, ten-
derness, multiple bilateral breast nodules, fibrocystic
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TABLE 1. Age Distribution of Breast Carcinoma in this Series
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discase, and family history of canccr of the breast. Of
tlhese occult Clases, 12 (22%i') were sutbsequently proved
to have "positive" axillary nodics. (TwN-o patienlts with
occult carcinoma lhad simple mastectomics becatuse of
associated medical probIleis. In these cascs, of cour1'se,
axiillarv inode involvemcnt could nlot be assessed. ) Oiir'
occult canicer pick-uip rate oa.a (rc(ater tlItani 1:100 in
olur- .somewhat selecte( patienits. Analysis of oIIIu cases
is diarrammeCi in Tables 2 anid 3.

Seven of our patients lhad undergone mastectomy.
txvo of whom lhad suispicionis physical finding(,s in the
remaining breast which proved to represent carc-iniomna
by xeroradiographiy aIId palthologic finidin1gs. Five post-
mastectomy patients had nio positive plyvsical findlings
buit proved to have carcinioma 1w xeror1adiographv and
patlhologic findings.

Case Report
Case 1. A 40-vcar-old \wOmlai had previous l)reast biopsies ald

then (developcd nio(uliles in her left l)reast. NXroradiograph
(Fig. 1) reveals bhenign fibroadenomata plis carcinoma caleifica-
tionis adjacent to benign lesioin. This case demonstrates the value
of preoperative xeroraciographic examination.
Case 2. A 66-year-old wormna chliically bad onlr l)ilateral

heniign filrocystic changes. Thlie superiority of xeroradiography is
evideent hecre (Fig. 2A-F,").
Case 3. A 54-vear-old woman bad a mass benieath her left

nipple associated with niiipple retraction. This is a typical car-
cinomna (Fig. 3A-D).

TABLE 2. Cases: 17 Months of Breast Xeroradiography

XERORADIOGRAPHY 4,183EXAMINATIONS

SURGICAL-PATHOLOGICAL
CORRELATIONS 393
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TABLE 3. Carcinoma Analysis (133 Cases)

49%
NO NODE

INVOLVEMENT
78%

NO NODE
INVOLVEMENT

51%
POSITIVE NODES

22%
POSITIVE NODES

Interpretation of Results
The suibstitution of xeroradiogiraplhy for conven-

tional mammography lhas significantly reduced dialgilostic
errors. In this series of 4,183 patienits exarmined by
xeroradiouranhyv 2%S of thc women who had suisnic-iotus
findings b)y palpa-Ition were falsely reported benign.
Using,:, convnetional mlamlmocgraphy in a. previous series
of 2,000 patients, otiiu er-ror rate for "false negatives" \vas
12%'. Similar anialysis of bcnigrn lesions demonstrates the
superiority of xeroradiograplhy. MIost important, in our
precec.ding, scries using film mammographv, only four
occullt carcinomas wecre founld. Fifty-two occilt car-

cinomas xvere demonstrated xeroradiographically this
year.

Nine error s in dia(gnosis-errors in not correctly di-
aggnosinlg carcinoma-were miiade durinng these first 17
months. Four of these eirrors -were misinterpretations
of radiologically demonstrable masses. In t\vo instanices,
lesionis that wTere clinically palpated in the mediaLl aspect
of the breast we-cre nlot demonstrated on1 the xeroradio-
graphl. (\c niow uise a special xeroriadiograplhic teclhnie
for demonstration of palpable medial lesions.) Onec, pa-
tienIt xvith a stroong fanmilfy history but Ino physical (ev'i-
den1ce of carcinoma of the breast, hald a suispiciouis
assymmetry of breast tissue on xeroradiogr aphs. Before
lher requested follow-uip study was to be performed, a
fast-growing mass developed, and at operationi a simall
focuis of intraductal carciniomiia xv1as demonistrated. Ex-
pericice hais taught uis that radiologists miiust read
xeroradiographs oni a regiular basis in order to maintain
higrh acetiracv.

Discussion
At the Southern Californiia Permiancnte \Medical

GrouIp, wve have an1 excellenIt opportuniiity for exatlllilna-
tion, follow-up, and sturgical-pathological correlation of
manmmarv lesions examinied by xeroradiographv.
We have confirmed the \vork of Dr. Johln \Volfe

of Detroit, Michigan and Dr. John Martin of Houstoni,
Texas, wNho have founid that xeroradiographyv of the
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breast is superior to conventional film mammography.
Xeroradiography produces images of greater detail with
good overall visualization of all breast structures, per-
mits faster and more accurate readings, diminishes
the time and effort needed to obtain a good X-ray
study of the breast, and reduces the amount of irradia-
tion necessary to obtain a satisfactory image.
We have been surprised and encouraged by the

number of occult cancers visualized by this method, and
by the difference in the incidence of axillary metastases
in this group as compared to those with clinically
suspicious mammary masses (Table 3).
We have devised a technic for preoperative localiza-

tion of clustered calcifications in the patient without a
mass. Strips of tiny plastic numbers are taped onto the
patient's skin dorsally and laterally, and routine
lateral and caudal views are obtained. From this de-
rived information we have been better able to direct
the surgeon to the involved segment of breast. Specimen
xeroradiography may be utilized to ensure that the
suspicious areas is resected, and using a marker in the
specimen, we sometimes are able to direct the pathol-
ogist's attention to the specific area of concern.

Summary and Conclusions
1. Xeroradiography is an improved method of X-ray

examination of the breast as evidenced in 4,183 pa-
tients during a 17-month period (October 1971-March
1973).

2. Xeroradiographs are more easily interpreted, and
in several instances we have been able to prove the
superiority of this technic by comparing conventional
X-ray mammograms and xeroradiographs.

3. Non-palpable carcinomas of the breast are demon-
strated xeroradiographically. The increaser number of
"negative" axillary dissections in these occult cases
is encouraging, and these patients will be part of an
on-going follow-up study or program. We may have a
tool which will enable us to improve survival in car-
cinoma of the breast.
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(D) 1Caudral xeroradiograph.(arro indil-

caen lseeaign ancalcifications.n(E)bnincst

Specimen xeroradiograph localizing a malig-
nancy. Arrow indicates clustered calcifi-
cations.

FIG. 3. (A) Lateral xeroradiograph of left
breast demonstrating infiltrating scirrhous
carcinoma with invasive mass, prominent
duct pattern, skin thickening and nipple
retraction. (B) Comiparison view of nor-
mal right breast. (C) Caudal xeroradio-
graph of malignant left breast. (D) Coin-
parison view of normnal right breast.
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