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DUAL READING AS A ROUTINE PROCEDURE
IN MASS RADIOGRAPHY
DANISH TUBERCULOSIS INDEX *

SYNOPSIS

Independent dual reading of survey films of the chest has been
used as a routine method in the nation-wide Danish antituberculosis
mass campaign. An attempt to evaluate the usefulness of this pro-
cedure is made in the present paper, which gives the results of dual
reading of 431,550 technically adequate 35-mm chest films taken
on adults in 12 Danish counties.

The films were first read locally by the chief physician of the
county and then subjected to an independent reading by a second
(central) reader. All persons whose films were designated as sus-
picious (i.e., representing photofluorographic indication of pul-
monary disease) by at least one of the two readers were referred to
the county chest clinics for a large roentgenogram. Altogether
10,391 persons-or 2.4% of the total examined-were referred
because of a suspicious chest film. The local and the central readers
on an average agreed on only one-third of the referrals.

Of the persons subjected to roentgenographic follow-up, 291
were found to have active pulmonary tuberculosis requiring treat-
ment: 243 of these cases had been detected by the local readers,
the central readers adding 48, or 20%. A further 2,804 persons
presented evidence of clinically significant pulmonary disease other
than active tuberculosis requiring treatment or observation: 1,924
of these referrals had been made by the local readers, the central
readers adding 880, or 45%. In the remaining 6,907 persons, the
large roentgenograms revealed either nothing abnormal or, in a
small number of cases, only signs of healed pulmonary disease.

Thus, of the 10,002 photofluorograms read as suspicious and
checked by large roentgenograms, 6,907 must be classed as " false
positives " and 3,095 as " true positives ". While the local reading
alone resulted in 2.1 false positives to each true positive, dual
reading produced 2.2 false positives to each true positive-only a
slight increase in the relative extent of over-reading.

The reading of the photofluorographic material of the mass
campaign was performed by 12 experienced chief tuberculosis
physicians. All without exception overlooked clinically significant
pulmonary changes in a considerable number of cases, but the
individual variations were great. An independent second reading
of the photofluorograms thus considerably increased the value, at
relatively small expense, of the mass X-ray survey as a case-finding
procedure.

* The Danish Tuberculosis Index is a co-operative research enterprise established in 1950 by the National
Health Service of Denmark and the WHO Tuberculosis Research Office. Its first task was to utilize the
facilities of the recent Danish mass campaign against tuberculosis for long-range epidemiological studies on
the prevention and eradication of tuberculosis.

The present paper, based on the readings of nearly half a million chest X-ray films taken during the mass
campaign, was prepared by E. Groth-Petersen and Axel V. M0ller with assistance from the staffs of the
Danish Tuberculosis Index and the WHO Tuberculosis Research Office. Dual reading of the material was
made possible by the co-operation of the chief tuberculosis physicians and the untiring efforts of the two
central film readers.
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DANISH TUBERCULOSIS INDEX

Independent dual reading of survey films of the chest was introduced
as a routine procedure in the nation-wide Danish mass campaign of 1950-52
in an attempt to apply the lessons learned from limited experimental studies
to large-scale tuberculosis control work. The present paper gives the results
of subjecting nearly half a million films to routine dual reading. It appears
not only that dual reading markedly increases the case-finding rate of radio-
graphic surveys, but that it does so at little additional expense.

In a previously reported trial of subjective errors in the interpretation
of chest photofluorograms 1 we had found that even experienced observers
strikingly disagree in their interpretations and that a substantial number
of evident abnormalities are missed on single readings. Thus, on the
average, the individual reader failed to detect one-third of the total number
of clinically significant pulmonary changes demonstrated on the chest
films. On the other hand, when the readers were paired, and the independent
readings of the two readers in a pair were combined, only one-sixth of the
abnormal chest films were overlooked. These results, which agreed fully
with those published by Yerushalmy et al.2 forced us to consider the poten-
tial advantages of dual reading in radiographic surveys of the chest.

Material and Methods

Tuberculosis work in Denmark is decentralized: each of the 24 counties
has its own chief chest physician, a qualified specialist, who directs the work
of both chest hospitals and clinics without direct supervision by any higher,
central authority. The mobile mass radiography units are owned by the
State and administered by the National Tuberculosis Association. Nor-
mally, no physician is attached to the mobile units ; the units are simply
placed at the disposal of the local chief chest physician for group examina-
tions, etc. When the nation-wide tuberculosis mass campaign was started
in 1950, its 35-mm survey films were read locally by the chief chest physician
or by his assistants ; there was no dual reading.

As the mass campaign got under way, dual reading of the films was
introduced. On the first examination day each person was given a tuberculin
test and a film was taken of all adults. The films were immediately read by
the chief chest physician of the county and then sent to a second chest
physician, selected by the Danish Tuberculosis Index, who read the films
without knowledge of the interpretations made by the first reader. (The
first and second readers will hereafter be referred to as local and central
readers.) Both readers recorded their interpretations according to a very
simple codified classification system, giving a4supplementary description
of any suspicious findings. Four days after the films were taken, when
people returned for the reading of the tuberculin test, the results of both
film readings were ready, and all persons with films considered " suspicious"
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DUAL READING IN MASS RADIOGRAPHY 249

-i.e., representing indication of clinically significant pulmonary disease-
by one or both readers were referred for large roentgenograms to the local
chest clinic, which then delivered the final judgment. Persons whose
photofluorograms were technically inadequate were also referred to the
chest clinic.

The present material comprises the results of routine dual reading of
chest photofluorograms taken on about 434,000 adults participating in the
Danish mass campaign in 12 counties. Two-thirds of the adults were in
the age-group 15-34 years. The photofluorograms interpreted as suspicious
have been followed up by roentgenograms and, if necessary, clinically. The
technically inadequate photofluorograms are too few to affect the material
and they are therefore omitted from the following analysis. They total
1,999, or 0.46% of the entire material, which then consists of 431,550
technically adequate films of the same number of persons.

The campaign was conducted in two counties at a time, with two mass
radiography units operating in each county, and each unit averaging 350
photofluorograms daily for five days a week. As none of our experienced
specialists could spare the time to read 1,400 films a day, the second readings
had to be divided between two central readers, Cl and C2, and for practical
reasons the two counties covered simultaneously were assigned to different
central readers. Cl read the films from seven counties (territory 1), in all,
199,000 films ; C2 read the films from five counties (territory 2), in all,
232,000 films. The following analysis is confined to " suspicious pulmonary
findings", suspicious hilar and pleural findings being included under this
heading. Extrapulmonary findings are excluded; they represent only
0.12% of the whole material and mainly comprise cardiac abnormalities.

Individual Variations in Photofluorogram Interpretation

The frequency of suspicious lung findings and the percentage of agreement
or disagreement betweeen readers on the findings is shown in table I. In
all, the readers recorded suspicious pulmonary findings in the films of
10,391 persons, i.e., in 2.4% of those examined, varying from 1.75 to 3.72
in the different counties.

The local readers referred a an average of 1.63 %, exactly the same as
the average of the two central readers. This similarity is deceptive, however.
As shown in table I, there is actually a marked systematic difference between
the central readers and their local partners, the trend of which varies with
the territory.

In territory 1 each of the local readers diagnosed more of the films taken
in his county as suspicious than did the central reader (Cl). The opposite

a In the following, " referrals " means persons referred for clinical-roentgenological examination because
their photofluorograms were recorded as representing " suspicious " pulmonary changes by the local or the
central reader, or by both.
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DUAL READING IN MASS RADIOGRAPHY

is true in territory 2, where the central reader, except in one county, inter-
preted a larger fraction of the films as suspicious than his local partners.
In each territory, however, there is a distinct correlation between the local
readers and the central reader in the percentage of films designated as
suspicious.

As far as adults are concerned, the photofluorographic examination in
this, as in most other mass campaigns, was the sole case-finding procedure.
Consequently, it is important to determine to what extent two readers will
agree when interpreting the same films independently. The most simple
measure of this is the number of films designated as positive by both readers
as a percentage of the total number diagnosed as positive by at least one
of the readers.

As shown in table I, the percentage of agreement is higher in territory 1
than in teritory 2: 39.2% as compared with 32.4%. In the latter territory
the percentage of agreement also varies more from county to county. In
none of the counties are the readers in agreement on the majority of the
films read as suspicious.

This marked disagreement is not due to a difference in interpreting
abnormal shadows, one reader interpreting them as possible evidence of
disease and the other as representing a healed lesion. Of the films diagnosed
as suspicious by only one of the two readers, 90% were interpreted as normal
by the other reader, the remaining 1000 as representing immaterial, healed
pulmonary changes. Thus the diasagreement lies predominantly in the
circumstance that films considered by one reader as suspicious are judged
by the other to be quite normal.

Evaluation of Suspicious Photofluorogram Findings

The significance of the great discrepancy in the interpretation of the chest
films depends on what the suspicious findings actually are. As stated, all
persons with a chest film interpreted as possibly showing pulmonary disease
were referred to the local chest clinics for a large roentgenogram, which,
if positive, was followed by a general clinical and bacteriological examina-
tion.

The chest clinics were asked to divide the referrals into two groups-the
"true " and the " false " positives-on the basis of their interpretation of
the large roentgenograms. The true positives are persons who, in the opinion
of the clinic, suffer from active pulmonary disease requiring treatment, as
well as persons with abnormal pulmonary findings which, in the opinion
of the clinic, may be evidence of latent disease and therefore require conti-
nuous clinical-roentgenological follow-up. The remainder of the referrals
are called false positives.

The final roentgenological classification of the referrals thus rests
exclusively upon the judgment of the chest clinics. The results of this

17
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DANISH TUBERCULOSIS INDEX

classification are shown in table II. It appears that about one-third of the
persons whose chest films were interpreted as suspicious by at least one of
the readers were considered by the chest clinics as true positives requiring
treatment or follow-up.

TABLE II. SURVEY FILMS READ AS SUSPICIOUS CLASSIFIED
INTO TRUE AND FALSE POSITIVES ON THE BASIS OF ROENTGENO-

GRAPHIC FOLLOW-UP

Number Percentage

True positives 3,095 30.9

False positives 6,907 69.1

Total survey films read as
suspicious * 10,002 100.0

* In all, 10,391 were read as suspicious, but of these 389 had no follow-up.

Benefit and Expense of Dual Reading

As the survey films were read by only two observers and we know
nothing of how many abnormal films were overlooked by both, we cannot
assess the extent of under-reading in the present material. We can, however,
determine how many additional, clinically significant, pulmonary changes
were detected by the independent second reading and at what cost, in terms
of additional false positives. For the following analysis it will suffice to
divide the clinically significant pulmonary findings into two groups:
(a) active tuberculosis and (b) other clinically significant pulmonary
findings. Group (b) comprises, in addition to quiescent pulmonary tuber-
culosis, manifest non-tuberculous pulmonary diseases, including cancer, as
well as transitory or chronic pulmonary infiltrations not considered in
immediate need of treatment but requiring follow-up because of uncertain
etiology and prognosis. It is of interest that the photofluorographic screen-
ing yielded 3-4 cases of tuberculosis requiring observation for each case
of active tuberculosis found.

Following the above division of the material, table III gives the number
of true positives detected on the first reading of the films and the number
added by the second reader. In all, 928 cases were added by the second
reader to the 2,167 cases detected by the first reader. This represents an
increase of 42.8 %. For active tuberculosis the increase was 19.8 %, and for
" other clinically significant pulmonary findings " it was 45.7 %. That such
substantial additions in the number of cases detected were made by the
second reader might reflect an undesirable consequence of dual reading
itself: the already hard-worked first readers might perhaps be tempted to

252



DUAL READING IN MASS RADIOGRAPHY

a) o
a) r- tO co

a)D tO Ct) tX

co co

a) co0 6 N CS

> W

oL LO0o-~~~.0 t~~O 0) COi

-o 0 0 0

a)

a)-a

a)

a1)
.0>1

-o
a1)
Vo
V
co

a)
a)a)
U)
0
p
C

a)
.0
E
:3
C

0) N
8- :

CQ C

E- co 0 0)

Ct0a)a
D n o r= Co

a) U) r i a
a) 0c

C:

-D . - co
a) E C)Y)
V

co~

.0 a)

a) a)

c: a) (v5
0

C)8 11t

0 0 H-

a) a)
H H

253

ot

z

J

-I

a
W.
0
I-

z

In

C
a)

CC
CD
0)

=_0
cn

= C)

O.2
._CCC,.F c
a) C
4-
0

0

a)a)

U

0

ac)

.0
aJ)

0

-0
a)

a)
U
co
O

r-
ui
"IT



DANISH TUBERCULOSIS INDEX

read faster, expecting that if higher speed should cause them to overlook
anything important the second reader would doubtless detect it. It is our
definite impression, however, that in this campaign, where dual reading
was an innovation and the readers were greatly interested in the results,
the knowledge that second readings would be made tended to make the
local readers more careful. This is borne out by the fact that the local
readers did much more over-reading than the central readers, as shown
in table IV. The extent of over-reading is measured by the ratio of false to
true positives, i.e., by the cost of each true positive in terms of unnecessary
referrals to the chest clinic. In 10 of the 12 counties the ratio was higher for
the local than for the central reader. For the total material, the ratio was
2.14 for the local and 1.57 for the central reader.

Some of the false positives showed abnormal lung changes on the large
roentgenograms, e.g., solitary calcification, obliterated sinus, etc., but the
chest clinics regarded such findings as definitely cicatricial, requiring neither
treatment nor follow-up. The great majority of the false positives had a
normal roentgenogram. The " false " referrals may therefore be regarded
as an expense involved in the detection of the true positives.
A measure of the expense of dual reading can be derived from table IV

by comparing the ratio of false positives to true positives for the local reading
with that for the dual reading. The ratio is higher for dual than for single
reading. As would be expected, the true positives detected by only one of
the readers cost relatively many false positives. However, the expense of
dual reading is very slight. For the total material the ratio increases from
2.14 for the local reading to 2.23 for the dual reading, and in five of the
12 counties the ratio is actually lowered by the central reading.

The benefit and expense of dual reading are of course dependent on the
readers. If the order of the readers in these routine dual readings had been
reversed, the benefit of dual reading would have been much less-the second
reading increasing the number of true positives detected by 18 % instead of
42%-and the expense much higher-the second reading increasing the
ratio of false positives to true positives by 42% instead of only 4%. This
discrepancy is due to systematic differences between readers. From tables I
and IV it may be seen that central reader 1 consistently read fewer films as
suspicious than the local readers: he selected fewer false positives and about
the same proportion of true positives as the local readers. And central
reader 2, who consistently read more films as suspicious, had about the same
proportion of false positives as the local readers but a higher proportion
of true positives.

IEI this connexion, it may be recalled that for each county the division of
survey films read as " suspicious " into true and false positives, on the basis
of the large follow-up films, was done by the county's chief chest physician.
As the chief chest physician in 10 of the 12 counties was himself the local
reader, it is conceivable that his interpretations of the large films were
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DANISH TUBERCULOSIS INDEX

unconsciously biased in favour of the local survey film readings. Were this
the case, one would expect to find relatively more of the local than the
central referrals classified as true positives. But the opposite is the case for
both central readers. It is therefore hardly to be doubted that there are real
individual differences between the local and the central readers.

What is added by dual reading of the survey films is not negligible,
either quantitatively or qualitatively. As regards active pulmonary tuber-
culosis, table V shows the character of the cases detected by both readers

TABLE V. SEVERITY OF CASES OF ACTIVE PULMONARY TUBERCULOSIS
DETECTED BY ONE READER ONLY COMPARED WITH SEVERITY OF CASES

DETECTED BY BOTH READERS

Cases ofactive Sputum or gastric
pulmonary Total lavage positive Bilateral cases Cavitary casespulmonary number casestuberculosis detected
detected by number % number % number %

One reader only 61 53 86.9 21 34.4 9 14.8

Both readers 230 198 86.1 98 42.6 46 20.0

and those detected by one reader only. Of the 61 cases detected by only one
of the readers, 87% were sputum-positive or had a positive gastric lavage at
the first examination ; this finding was in each case verified by a culture made
at the Statens Seruminstitut at Copenhagen. Thus, the percentage of
positive bacteriological findings was the same as among the cases detected
by both readers. The degree of severity, as judged by the frequency of
cavitary and of bilateral processes, was also nearly the same among the cases
referred by one reader only and those referred by both. In this connexion
it might be mentioned that the cases detected in the mass campaign did not
differ in severity from those notified throughout the country during the
previous year.

The Problem of Over-reading

Over-reading of photofluorograms can scarcely be avoided, and to our
minds it is better, when in doubt, to refer for further examination one case
too many than one too few. On the other hand, it is not immaterial how
many people are unnecessarily upset or inconvenienced by a referral for
further examination. Our aim must be to clarify the causes of false diagnoses,
to reduce the number of referrals without increasing the number of over-
looked cases.

As shown earlier in table I, there is a direct relation between the fre-
quency of referrals-films diagnosed as suspicious-by the central and the
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DUAL READING IN MASS RADIOGRAPHY 257

TABLE VI. RATE OF TRUE AND FALSE POSITIVES FOR THE LOCAL
AND THE CENTRAL READERS

Rate of true positives Rate of false positives
(per 10,000 films) for (per 10,000 films) for
ty-

local central local central
reader reader reader reader

Territory 1

a 23.6 28.5 159.2 144.9

b 45.6 43.0 128.6 93.4

c 56.8 68.8 83.5 48.9

d 38.2 35.7 141.7 110.9

e 62.1 74.4 112.6 75.7

f 120.4 105.3 104.1 34.7

g 18.2 20.8 116.1 80.2

Total territory 1 47.9 49.9 122.2 87.7

Territory 2

h 44.9 42.2 146.9 167.4

58.3 81.6 52.2 69.7

63.6 80.5 51.1 72.0

k 42.3 77.5 87.1 73.1

47.3 55.7 186.6 177.4

Total territory 2 52.2 70.6 94.8 102.5

Total all counties 50.3 61.0 107.4 95.7

local readers. And, as shown in table VI, when the suspicious films are
divided into true and false positives, there is a correlation between the
proportion of true positives, as well as between the proportion of false
positives, diagnosed by the two readers. One might expect to find a correla-
tion between the proportion of true positives diagnosed by the two readers:
these films undoubtedly show definite pathological changes readily recog-
nized by competent readers. But it is surprising to find such a marked corre-
lation in the proportion of false positives. Some of the false positives un-
doubtedly represent demonstrable abnormalities that both readers see and
call suspicious but which, on the follow-up examination, are judged to be
obsolete or inactive processes not requiring further observation. Yet such
findings account for only a very small proportion of the false positives in
this material,b too small a proportion to explain the marked correlation

b Data not included in this report
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found between the central and local readers. Nor can the correlation be
explained entirely on the basis of some other kind of marking that both
readers saw and called suspicious, because they only agree on an average of
32% (territory 1) and 23 % (territory 2) of the false positives, as can be
computed from table IV.

However, further investigation on samples of the false positive films
on which the two readers agreed b showed that about half the films were
entirely normal on the follow-up. This degree of agreement is much higher
than would be expected from chance alone. The survey films on which the
two readers agreed must, therefore, have been characterized by some kind
of marking of a photographic or anatomic nature-perhaps soft-tissue
shadows-seen and called suspicious by both readers but interpreted as
normal on the follow-up films. This kind of survey film may represent the
so-called " borderline " films, those with markings or shadows so indistinct
and ambiguous that at one reading they may be thought suspicious, at
another within normal limits. That such films exist is common experience
to anyone who has made two or more independent readings of a large
number of films.

If we assume that most of the false positive films in the total material
were the kind described as borderline, we would then expect the two readers
to agree in calling a minor fraction of them suspicious, and to disagree on
the great majority of them, as was in fact found to be the case. Moreover,
the frequency of false positives for both readers will depend to a large
extent on the total number of borderline films in the material. This, then,
may account for the correlation in the frequency of false positives read by
the central and local readers.

That it should be possible to reduce the numbers of false positives is
suggested by the results in table VI. From this table it appears that central
reader 1 had a surprisingly constant " deficit " of false positives irrespective
of the proportions of true positives and false positives: in most counties
he read about 35 false positives less per 10,000 films than his local partner.
The false positives avoided by the central reader, as contrasted with the
local reader, must, we would assume, be due to objective sources of error
of a photographic or anatomic nature. If so, such sources of error must
be capable of being defined so that others, too, can learn to avoid them.

In conclusion, it can be said that dual reading considerably increased
the case-finding rate of the present mass X-ray survey, but no doubt it did
not eliminate all under-reading, as may be deduced from the finding that
even very experienced readers overlook a number of abnormal films. The
aim must be to improve the technique of photofluorographic examination.
In the meantime, dual reading offers an easy and inexpensive way of
increasing the yield of radiographic case-finding. The advantage of dual
reading over single reading will depend on the quality of the second reader
as compared with that of the first.
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RtSUMJ2

Lors de la campagne nationale contre la tuberculose entreprise au Danemark en
1950-1952, on a systematiquement recouru A la methode des deux lectures, faites indepen-
damment, des cliches pulmonaires. Dans le present article, on s'est attache a apprecier
l'utilite de cette methode en analysant les resultats de la double lecture de 431.550 radio-
graphies pulmonaires de sujets adultes, techniquement satisfaisantes, prises sur film de
35 mm, dans 12 provinces, au cours de ladite campagne.

Les cliches ont ete lus une premiere fois sur place par le medecin-chef du service
provincial de thoracologie ; un deuxieme lecteur # du service central)) a ensuite procede
a une seconde lecture, entierement independante de la premiere.

Toute personne jugee radiologiquement suspecte par l'un au moins des deux lecteurs
- c'est-A-dire tout sujet dont la radiographie laissait supposer l'existence d'une affection
pulmonaire - a ete envoyee dans un dispensaire provincial de thoracologie pour y etre
radiographiee sur plus grand format. Dans l'ensemble, 10.391 personnes - soit 2,4% du
total des sujets examines - furent ainsi dirigees sur ces dispensaires pour cause de radio-
graphie suspecte. En moyenne, les conclusions des deux lecteurs n'ont concorde que dans
le tiers de ces cas.

Parmi les personnes ayant fait l'objet d'un contr6le radiologique dans les dispensaires
de thoracologie, 291 presentaient une tuberculose pulmonaire active demandant un
traitement: 243 de ces malades ont et depist6s par les lecteurs de la province, les 48 autres
- soit 20% additionnels - par les lecteurs du service central.

Un autre groupe de 2.804 sujets examines dans les dispensaires de thoracologie pre-
sentaient des signes d'une maladie pulmonaire cliniquement importante, autre qu'une
tuberculose active, justiciable d'un traitement ou d'une mise en observation: 1.924 de
ces cas ont W depistes par les lecteurs des services provinciaux, les 880 autres - soit
45% additionnels - par les lecteurs du service central.

Pour ce qui est des 6.907 individus restants - en excluant 389 cas qui n'ont pu etre
suivis- les cliches de grand format n'ont rien revele d'anormal ou n'ont fait apparailtre,
dans un petit nombre de cas, que des traces de lesions pulmonaires cicatrisees.

Ainsi donc, sur 10.002 photofluorogrammes juges suspects et control6s par des radio-
graphies directes de plus grand format, 6.907 se rapportaient A des <(cas faussement posi-
tifs * et 3.095 A des <cas effectivement positifs >).

Alors qu'une seule lecture faite sur place a donn6 2,1 cas faussement positifs pour 1 cas
effectivement positif, la double lecture a donne 2,2 cas faussement positifs pour chaque
cas effectivement positif, ce qui constitue une augmentation minime.

La lecture des photofluorogrammes pris au cours de la campagne a ete faite par 12 chefs
experimentes des services de thoracologie. Tous, sans exception, mais dans des proportions
tres variables, ont laisse passer de nombreux cas de l6sions pulmonaires cliniquement
importantes. La deuxieme lecture des photofluorogrammes, faite independamment de
la premiere, a donc eu pour effet d'augmenter sensiblement, a relativement peu de frais,
la valeur des examens radiographiques en serie en tant que methode de d6pistage.
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