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Radi ot herapy Portal |maging Quality

I, _I NTRODUCTI ON

The mmjor goal of radiation therapy is the
delivery of a prescribed radiation dose as accurately
as possible to a tunor region while mnimzing the
dose distribution to the neighboring normal tissues.
There are several geonetric factors which tend to
conpronmise this goal such as patient novenent,
i mproper placenent of shielding blocks, shifting of
skin marks relative to internal anatomy and incorrect
beam alignnent. At present, the only method commonly
avai l able for neasuring and docunenting the extent of
geonetric treatnent accuracy is the radiotherapy
portal film These filnms are used by nost radio-
therapy institutions to evaluate the degree to which
the actual delivered radiation therapy natches the
pl anned treatnent.

Definitions

In the past the terns portal film beamfilm and
verification film have been used in an inconsistent

manner . The definitions given below will serve to
clarify future discussions. .
Portal Radi ograph: A radi ograph produced by

exposing the i1nmge receptor to the radiation
beam whi ch emanates from the portal of a therapy
Three types of portal radi ographs are
defined bel ow.

1. Local i zati on Radi ograph A portal radio-
graph produced by an exposure which is short
conpared to the daily treatnent tinme required
for' that treatnent field. (Such images are
frequently called localization films, beam
films, or port filns).

They can be used in an interactive manner to
adjust the patient set up and field boundaries
prior to the delivery of the mmjor portion of
the daily treatment.

2. Verification Radi ograph: A portal radio-
graph produced when the inage receptor is
exposed to the entire treatnent delivered with

that field. This requires the use of a rela-
tively insensitive detector, e.g. a slow film
3 Doubl e Exposure Radi ograph: Localization

radi ogr aph, produced by a sequence of two
exposures, first to a shaped treatnment field,
then to a larger rectangular field. The
resulting inage serves to locate the treatnent
field borders with respect to the patient's
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anat ony.

Si nul at or__Radi ogr aph: A radi ograph produced by
exposing the inage receptor (filn) to the beam
of a simulator wunit. The sinmulator unit is
usual ly a diagnostic quality x-ray unit which is
capabl e of mimicking the geonetry and novenents
of the radiation therapy unit.

The Need For Portal Radiographs

There is sone evidence that accuracy in beam
alignnent is related to the use of portal film
verification. Several studies have been published
(1-3) which show a |ink between decreased |ocaliza-
tion errors and frequency of verification filmns.
Marks et al pursued a six year study of |ocalization
errors for patients treated with extended mantle

fields. A significant decrease in percent |ocaliza-
tion error was denonstrated as the nunber of verifi-
cation filns per pati ent i ncreased. Mor e
specifically, they showed that increasing the

frequency of verification filnms from an average of
nine per treatment course to twenty-four decreased
the frequency of a localization and field design
error from 36% to 15% The information provided by
the verification filns enabled the physician to
nodi fy patient positioning and the field bl ocking.
The authors recommend that for conplex fields with a
known high error rate. daily verification filns be
taken until a reproducible, accurate setup is
establ i shed.

Regi ons of high setup error rate were described
by Byhardt et al (2). In a retrospective study, they
measured the frequency of localization errors by com
paring localization and verification filns to sinula-
tion films. The average error rate was 15% with a
wi de variation, depending on the site being treated.
Not surprisingly the highest error rate was prostate
and bl adder cancer (37% and 27% respectively) where
patient anatony is |ess conducive to precision set
up; the lowest rate was for primary and secondary
brain tumors (6% and 2% respectively). For the sites
with high error rates they recommend detailed
description of the setup tattoos and al so frequent
film checks.

Anot her nore recent study describes the use of
portal films to analyze variations fromthe planned
treatment of the anatomi cal volumes treated for 71
patients (4). An average standard deviation of
approximately 3 mm is reported independent of site.
The authors show, however, far greater differences
bet ween portal and simulator fields relative to
patient anatony, with the nean worst case discrepancy
(averaged over all sites) of 7.7 mm
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It is difficult to draw specific reconmendations
from these studies. However, two general principles
are clear: portal films are essential to accurate
radiation therapy and frequent filmng may be
required for difficult treatments.

Pattern of Use

A questionnaire was sent by the AAPM Task G oup
on Portal Film Qality (TG28) and a response was
received from 158 institutions (5). An anal ysis of
the responses showed that 90% of the institutions
take portal filnms on the first day of treatment for
nore than 75% of their patients. In contrast, only
40% of these institutions repeat the check for these
patients on a weekly basis. Consi dering the data of
Har ks and Byhardt, one nust question whether such
confidence in treatnent reproducibility is justified.

Anot her survey question relates to the use of
verification films (V-film. The responses reveal
that while 30% of the institutions use this technique
occasi onal |y, less than 10% use it on a regular
basi s. This may reflect the reputation for poor
image quality that verification images have acquired.
We shal | see later that this reputation is not
necessarily justified when proper technique is used.

[l. THE PRCBLEM

The poor quality associated with high energy
portal film imaging is, in general, caused by a
m xture of several factors:

80 Poor contrast due to the predoni nance of

mpton scattering which takes place at nega-
vol tage energies. For such images, there is

no strong dependence on atonmic nunber (Z) and

therefore very little of the differential
absorption seen in diagnostic radiol ogy.

2) I mage degradation due to scattered photons,
whi ch cannot easily be renoved, and secondary
el ectrons.

3) Blurring of structures caused either by
I'arge source or focal spot size or patient
noverent due to |long exposure times. Thi s

unsharpness is enhanced as patient to film
di stance is increased.

Beam edge "fuzziness" that nakes it
ifficult to deternmine the field edge in
relation to anatony. This is a conbi nation of
col limator and phantom penunbra. The apparent
penunbra is derived fromthe collimtor geometry
as well as scattering in the phantom although
the latter is usually the predom nant factor for
portal films. Also, in the case of an acceler-
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ator, the penunbra is generally greater in the
radi al (bending) plane. Galvin et al (6) have
observed a large difference in the collimator
penunbra of 6 MV accelerators fromtwo different
suppl iers.

5) Poor quality portal imaging can also be
caused by bad technique. For exanple, a
surprising nunber of low quality portal filns
are caused sinply by inproper exposure. As a
second exanpl e, if the front screen of the
cassette is too thin, electrons exiting fromthe
patient have sufficient range to reach the film

[11.  PRESENT UNDERSTANDI NG

Cassette Front Screen

The port filminage is not formed directly from
the incident primary photon beam but rather from
Conpton recoil electrons produced in the vicinity of
the radiographic film If no screen is used then
el ectrons emanating from the exit surface of the
patient (Fig. 1A) and/or treatnment couch are respon-
sible for producing the radiographic inmage. The
spatial variations in electron fluence are clearly
proportional to the photon fluence transmtted
through the patient, and thus contain imge and
contrast information. These el ectrons, however, are
obliquely scattered and non-unifornally attenuated,
and thus produce an inage with undesirable |evels of
blur and contrast.

Thi s image degradation can be greatly reduced by
placing a netal screen in close contact with the
film wth the screen being thick enough to absorb
the shower of scattered electrons from the patient.
The radiographic image information is then contained
in the spatial variation of the x-ray fluence inci-
dent on the metal screen. This in turn causes the
em ssion of Conmpton electrons fromthe screen itself
whi ch, being in good physical contact with the film
results in a better quality image (Fig. 1B).

A striking difference can be seen between portal
radi ographs using the same x-ray film but taken wth
no screen, insufficiently thick metal screens, and
adequately thick metal screens. The increased screen
thi ckness causes some |oss of resolution since elec-
trons originating within the screen now reach the
film from nore distant points and scatter laterally
in the process. But if the thickness is reduced to
improve resolution, electrons emanating from the
patient will reach the filmand reduce contrast. It
follows that for a given screen thickness in gmcnt,
resolution is expected to be best for screens of
relatively high density (e.g., |lead, copper etc).

-6-
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1A) Note that the images formed on the film (F) by electrons scattering at random angles
from different points within the patient. Note in both figures the dots are a crude
representation of the photon beam and the solid lines of the scattered electrons.

1B) In this configuration the cassette screen (C) absorbs the electrons which are scat-
tered from within the patient. The image formed on film (F) is the result of electrons
which emanate from the screen (C) itself, thereby forming a sharper image. In this
particular case the rear screen (P) is plastic and does not significantly contribute to the

image formation.



AIR GAP GEOMETRY
ot \ 8MV, 30cmx30cm

16}

08}

FILM DOSE S/P

0.41-4Pb
o Cu
1 4 Pb+0.86g cm2Aj|

:

¥ &
i
4

| 1 i ) - 1 1
0 05 10 15 20 25 30

THICKNESS (g-cm-2)

2) Plot of the scatter to primary ratio as a function of screen thickness for standard air gap
geometry. The details of the experimental method are described in Reference 7.
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In two papers by Droege and Bjarngard (7, 8) the
authors point out that the netal screen cannot
increase the film ganma but can increase the overall
contrast by reducing the scatter to primary ratio,
SIP. In this case S refers to the film dose due to
both scattered photons and el ectrons which originate
in either the screen or the patient (Fig. 2). The

primary dose P is due to unattenuated photons. | f
the screen is too thin the S/P ratio will be high and
an image of poor contrast will result. Droege's

nmeasurenents at 4 M and 8 M/ showed that for each
energy the S/P drops with increasing screen thick-
ness, and that there is no significant difference
bet ween copper and |ead screens once the screen
thickness approaches the "build up" thickness.
Beyond this thickness there is little decrease in
SIP. For 8 W it can be seen from Figure 2 that a
screen thickness of approximately 1 gmcm®is quite
reasonabl e for these high energies. This corresponds
to a 0.9 millimeter thick lead or a 1.1 mm thick
copper front screen. It should be noted that for Co-
60 beans there |Is an enhanced response of thin |ead
screens to the | ow energy scattered photons due to
photo-el ectric absorption in the screen. This |eads
to an S/P which is 25% higher for a front screen
t hickness of 1 nm as conpared to 2 mmof lead (7).
Thus, at Cobalt-60, 1 mmis sufficient for copper,
but 2 nmm lead Is required for optimm contrast.

Results from the survey (5) nmentioned earlier
showed that of the 158 Institutions responding nore
than 20% of the cassettes |acked any front netal
screen. In addition, of the 70% who used | ead front
screens, nore than 10% were of thickness |less than or
equal to 0.1 millinmeter, hardly adequate for nmega-
vol tage radi ography.

Metal Rear Screen

Odinarily, there is little photon radiation
scattered back to the film from structures beyond.
For this reason a rear screen generally has little
effect on imge contrast. If electrons are scattered
back toward the cassette, a rear screen with a
t hi ckness conparable to the maxi mum el ectron range
may be used to stop such electrons. However, it is
preferable instead to mnimze the source of the
backscattered electrons since the addition of such a
rear screen can significantly increase the weight of
the cassette system

A rear screen can affect speed and resol ution.
Speed is increased as much as 1.8 tines when a high Z
f(_e,g,, I ead) rear screen is used (9). That is, the
il mexposure is decreased by almst a factor of two
due to the backscatter of electrons from a high zZ

- 0-
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rear screen. A low Z rear screen will provide little
speed or resolution change since few electrons are
backscattered from such materials. But such a screen
will reduce the artifacts caused by electrons back-
scattered from structures beyond the screen.

The el ectron backscattering between high Z front
and rear screens produces a "cross-over" simlar to
that which occurs in diagnostic radiology when
| um nescent screens are used. Thus, a loss in reso-
lution is expected when rear screens are used. Such
a loss has been docunented through a dramatic change
in the MIF for single emulsion films when a rear
screen is added (8). The degradation is expected to
be | ess severe for double emulsion films. An obser-
ver study by Reinstein et al (10) did not find
significant degradation in inmage detectability (or
"filmquality score") due to the presence of a rear
metal screen provided that good front screen/film
contact was maintained. It appears that the reso-
lution decrease caused by the presence of a rear
screen is overshadowed by the image degradation due
to the use of double emulsion film and the unsharp-
ness caused by the finite source (target) size in the
"air gap" geonetry. If a rear screen is not used,
the rear of the cassette comes into contact with the
filmand in effect becomes the rear "screen". As
such, it should be of a low Z material (e.g., aluni-
num or plastic) to mnimze the backscattering of
el ectrons.

Luni nescent _ Screens

Lum nescent screens are not expected to be
useful in portal imaging. In spite of their poten-
tial to increase filmcontrast for a given film(ll),
a reduction in subject contrast is expected due to
their sensitivity to secondary electrons scattered
from the patient. To exclude such electrons, the
| um nescent screen nmust be fronted by a netal screen.
However, this conbination is expected to have reso-
lution inferior to a netal screen (8).

Cassette Design

The principal of good screen film contact is as
inmportant in therapy as in diagnostic radiology. The
cassette provides the obvious functions of protecting
the film from light and the screens from nmechani cal
damage. However, it also serves the inportant func-
tion-of providing intimte contact between the screen
and the film Many cassettes fail this latter re-
qui renent. For exanple. thin plastic or cardboard
cassettes provide inadequate filmscreen contact.
Even rigid alum num cassettes with rear panel pres-

-10
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sure bars may warp and exhibit non-uniform film
screen contact if damaged or poorly constructed.
Certain commercially available cassettes are con-
structed wth bowed pressure plates which are
designed to maintain a uniform filn screen contact;
this feature nakes them particularly suitable for
portal radi ography. A wire nesh inmaged in contact
with the cassette/screen can be used to evaluate the
effectiveness of film screen contact over the entire
surface of the inage receptor.

If the rear of the cassette or its support
structure contain nmoderately high atom ¢ nunber (2)

materi al s, signi ficant electron scattering back
toward the film can result. This reduces contrast
and/or creates inmmge artifacts. Therefore, high Z

materials should be avoided in the construction of
the cassette backing or its support structures.
O herwise, a rear screen may be required.

Image Quality and Beam Ener gy

Observation suggests a degradation of portal
filmaquality as beam energy is increased fromthe |ow
nmegavol tage range (4 MW and 6 M) to the higher
energy range (10 MV and up). This appears to be
attributable to changes in both contrast and resol u-
tion, although the relative inportance of these
factors is unclear.

Subj ect contrast undoubtedly decreases as beam
energy is increased fromthe diagnostic kV range to
the therapeutic W range. This is due to the reduced

probability of photo-electric interactions. W thin
the megavol tage range, however, Conpton interactions
dom nat e. This statement may not be true for ver

hi gh energy beans (i.e., >20 MeV), where pair produc-
tion is also of inportance, and this is discussed
bel ow. If the effect of nultiple scattered photons
is ignored, contrast is expected to decrease as the
photon energy increases, due to the decreasing proba-
bility of Compton interactions. However, the nmagni-
tude and direction of the scattered photon fluence
also change with energy, wth scatter being nore

forward peaked as energy increases. Thi s has been
theoretically analyzed by Amls et al (12) using
differential Conpton cross sections. The theory is
consistent with results [i.e., 1imge contrast (as

measured by a paraneter terned "visual contrast")
decreases significantly as beam energy increases from
4 W to 15 W]. These results were derived in a
relatively low -scatter geonetry [i.e., with a thin
phantom (8 to 9 ¢n) and a 10 x 10 cmfield size].

In high scatter geonetry, however, contrast is
not so severely affected at the higher negavoltage
energi es. Droege's (7) neasurenments with a thick

-11-
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phantom (20 cm) and a 30 x 30 cmfield size indicated
only a slight contrast reduction from4 W to 8 M.
This is also consistent with the theory of Anmols,
since increased field size increases the scattered
photon fluence at the center of the image (thus

reducing contrast). The contrast reduction is slight
for high negavol tage beans (10 and 15 MV) since scat-
ter tends to be forward directed. At 4 W, scatter

generated near the periphery of large fields is less
forward directed and nore likely to degrade contrast
at the center of the inage. Accordingly, the signi-
ficant contrast advantage observed at |ow negavol t age
energi es under |low scatter geonetry tends to be |ost
if large field sizes are used. I ncreased patient
thickness has a similar effect. Both Anols and
Droege neasured significant increases in contrast as
the filmscreen detector is separated from the phan-
tom by an air gap.

I mage resolution also decreases with increasing
phot on energy. Droege (8) neasured the nodul ation
transfer function (MIF) of filmscreen conbinations
and denonstrated significant reductions in detector
resolution from4 W to 8 W. This is explained by
the increased range of the Conpton el ectrons gene-
rated in the screen.

At very high energies, however, (i.e., 20 MV),
photon interactions via pair production becone a
conpeting process to Conpton scatter. At 10 MeV for
exanple, 23% of all photon interactions in water
occur via pair production. At 20 MeV, the percentage

rises to 44% I'n addition, unlike the Conpton
effect, pair production is Z-dependent. Thus the
possibility exists that portal film contrast night
actually inprove at very high energies. Thi s
phenomenon, however, has not been explored experi-
mental ly. Further, it should be noted that even very

hi gh MV photon beans contain relatively small frac-
tions of high MV photons.

Film Type

To date no conprehensive study of different
films in conmbination with a standard netal screen
cassette and negavol t age beam has been  done.
Certainly a desirable |ocalization film should have a
high film ganma. Some rather scanty evidence has
been published (10, 13) which suggests differences in
quality in the negavoltage x-ray range for several
available filns. A nore conplete study of this
question is to be encouraged.

Noi se in portal images has not been seriously
studied by previous investigators. This is unfor-
tunate since noise is known to affect the perception
of |low contrast objects and filmgrain noise is known

-12-
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to be visually evident in radiographic inmages.
Mermbers of this task group have found fine grain film
(e.?., Kodak Verification Filn) to performsurpris-
ingly-well in visual detection tests 'when conpared to
films having simlar film gama. The lTow filmagrain
noise is thought to be partially responsible. Low
noise film may be especially advantageous if post
processing of the original radiography is perforned.
I nvestigations concerning the role of inage noise are
to be encouraged.

O her factors to be considered when choosing the
nost suitable filmfor portal radiography are: speed,
storage, handling convenience, cost. These may
necessitate conprom se with optimuminmage quality and
each other.

I's there measurable degradation in quality when
usi ng the convenient (but nmore costly) "Ready Pack"
filmin its light tight wapper enclosed in a cas-
sette? The study by Reinstein et al (10) tested a
"high quality" (copper screen) cassette using XTL
filmwth and without its paper packaging on a 10 W
linac beam Three situations' were conpared:

(1) XTL al one,

(2) XTL in Ready Pack with paper insert renoved

and,

(3) XTL in Ready Pack

Al though the results show all 3 situations to be
at least 'acceptable", the data does confirm the
expected degradation in quality due to the insertion
of the wapping materials between the film and the
screen. For the above 3 situations, the 50% det ec-
tion thicknesses (i.e., the thickness of a PVC test
obj ect which could be correctly identified 50% of the
time) were found to be 11.4 nm 12.9 ma, and 13.7 mm
respectively. Thus, in using- Ready Pack wrappers,
one suffers a decrease in PVC (and presumably bone)
detectability of nore than 2 mm which may be clini-
cally significant.

Pr oper Exposure

What is the best optical density range for
viewi ng portal radiographs using conventional hospi-
tal view boxes? A recent observer study (10) using a
portal film phantom (13) has shown that the |ow
contrast detectability was "excellent" in the optical
density range from 1.6 to 2.0, and "acceptable" down
to 1.2 and as high as 2.3. The films in this study
were viewed under good conditions with essentially no
time linmt inposed.

A technique chart which consists of tabulated
val ues of exposure paraneters, is useful in producing
suitable optical densities in radiographic images.
Techni que charts for portal filnms are quite easy to

-13-



Radi ot herapy Portal |maging Quality

determ ne and use and a sinple nethodology is de-
scribed in the literature (14).

bserver Study: Results

The observer study, previ O'USrIrf/ referred to,
evaluated a selection ~of 23 filnfscreen/cassette
conbinations using a 10 MV linear accelerator. The
results suggested-that portal filmcassette systens
fell into three categories.
1 Excel | ent: These systenms all had metal
front screens of either |lead or copper. The
|l ead screen systens in this category all had
thi cknesses of at least 0.8 nm and those with
copper front screens had thicknesses of at |east

1.0 m”m (Copper screens of less than 1.0 mm
thick were not considered in this study.) o
The cassettes were conventional rigid

di agnostic cassettes made of alum numor rigid
plastic, all assured a close contact between the

film and the front screen. No significant
difference was seen between the |ead or copper
screens of the sane thickness, in this group.

There was no paper separating the film fromthe
front screen as in the "Ready Pack" fornat.
(There were 13 systems which fell into this

QVOUP-X . )

2) ccept abl e: The system in this category
also used rigid cassettes as above but either
had thinner-front screen (0.5 nillineter
stainless steel or 0.3 mllinmeter |ead) or had
less reliable filmscreen contact, e.g., using
"Ready Pack" filmor interleaf paper separating
the screen fromthe film (There were 5 systens
in this category.)

3) Poor: These systems were noticeably
inferior and included cassettes with poor film
screen contact, (warped soft cardboard or steel
sandwi ches) and front screens of .2 mllinmeter
lead or |ess. (The renaining 5 were in this

group.)

Adnittedly, the cutoff points for these group-
ings were arbitrary, but neaningful conclusions can
still be drawn. The data are consistent with the
previ ous discussions regarding desired screen thick-
ness, cassette construction and film screen contact.
It should al so be pointed out that these results were
obtained using a 10 MW linear accelerator exclu-
sively, and may not be easily extended to very high
energy. It is hoped that further exploration of
optimum film screen cassette conbinations wll be
carried out at higher energies.

-14-
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Viewing Conditions

A | mage Brightness

The resolution of the eye is strongly dependent on
image brightness, so it is desirable to assure an
appropriate level of view box |um nance. Measur e-
ments perforned by menbers of this task group
i ndi cate average |um nance levels of 1300 to 1900 cd.

i2

m’. It should be recalled that |um nance is a nmeas-
ure of " brightness" at the surface of the radiator or
view box, while the illum nance of an area, a sensor,

or a viewers eye is the flux density incident on that
area (nmeasured in lux). Assunming a value of 1300 cd.
m?® , the maxi numresolution of the eye is about

12 Ip/mm (line pairs per millineter) at a viewng
di stance of 25 cm (15). although reduced resolution
results if the eye acconmpbdates to a darker sur-
rounding environment (16). Radi ographs with an
average density of 1.6 reduce the illum nance by a
factor of approximately 40, at which the resolution
of the eye is reduced to about 5 Ip/mm  This reso-
lution loss is of little consequence since mnimally
magni fi ed portal imges convey alnobst no object
information beyond 5 Ip/mm even in the absence of
patient notion (17). However, if a filmimge is too
dark (e.g., a filmdensity over 2.5) and/or the view
box too dim resolution can drop below 4 |p/mm and
significant object information mght not be appre-
ciated by the eye under these limted conditions. In
addition, if the filmoptical density Is high enough
to be on the shoulder of the H& curve there will be
a loss of contrast and therefore |mage information.

B. Anmbient Light

The cont rast detection of the eye is
approximately 2% of the illum nance to which the eye
is adapted, provided the difference in illumnance is

greater than about 0.3 cd. m’ (18). Assuming the
eye Suitably accommpdates to the relatively low
illumation |level of the radiograph, this inplies
that radiographic density differences as snall as
0.01 are detectable. When a radiograph is viewed in
a situation of relatively bright anbient light, the
ability of the viewer to detect small changes in
contrast is degraded. This is because the contrast
detection limt of the eye is now 2% of the conbined
illum nance from the radi ographs and anbient |ight
sour ces.
C.  Practical Inplenmentation

Proper film viewing requires uniform and a
sufficiently bright level of view box |um nance
(about 1600 cd.m?). An additional high intensity
"hot light" should be available to provide sufficient
lum nance for slightly overexposed snmall portions of
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the image. Such a light should provide at |east a 2X
increase in lumnance (preferably variable up to 4X)
conpared to the conventional view box. When a hot
light is available, slight overexposure can be
tol erated. By comparison, an underexposed film has
reduced contrast (i.e., |ower gamma) which cannot be
Corrected by altered viewi ng conditions. The prefer
ence for overexposed (conpared to underexposed) filns
shoul d be considered in the preparation of technique
charts (i.e., the selection of a target density).

Viewi ng room light l|evels should be reduced so
that the illumnance at the viewers' eye from the
anbi ent sources is less than that fromthe radi ograph
itself. That is, room lights should be di med, and
unused vi ew boxes should be turned off or covered.
Even the view box being used should be appropriately
masked if unexposed or lightly exposed areas of the
filmtransmt significant extraneous light to the eye
of the observer.

Film Processor Quality Assurance

In diagnostic radiology, it has been docunented
that unsuitably darkened filns are often due to

i mproper film processing. In one study, 30% of all
retakes, due to inproper film density, were attrib-
uted to processor variation (19). In another study,

both the number and type of film retakes were found
to be highly correlated with processor "speed" varia-
tions (20). Simlar retake problens nmay be expected
to occur In radiation therapy departments if film
processor quality is not assured. It is therefore
recommended that all port film processors be eval u-
ated daily. A test, requiring only a few mnutes,
shoul d be perforned in the nmorning so that corrective
action (if necessary) can be conpleted before clini-
cal films are devel oped. The reader is directed to
other references for details concerning the estab-
l'i shment and nmintenance of a film processor testing
program (21, 22, 23). Here, a protocol is briefly
outlined, primarily to indicate the ease with which
such testing can be performed.

Procedure: A sensitoneter is used to expose
adj acent portions of a test film to "steps" of
increasing illumnation Ievels. Typically, the test

filmis selected to be the sanme type as that used
clinically, but is taken from a supply reserved
exclusively  for processor testing. Once the
processor has been given sufficient time for fluid
tenperatures to stabilize, and tenperatures are
within acceptable limts, the exposed test filmis
fed into the processor. After devel opment a densi -
tometer is used to neasure the film density of
sel ected steps. The measured values are conpared to
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the range of acceptable values to deternmine if the
processor is functioning properly.

The steps to be neasured are selected on the
basis of the information desired. One step should be
sel ected to indicate processor "speed". This step
shoul d have a density on the steep portion of the
Film response curve and have a density of at |east
1.0 when the processor is functioning properly.
Measured values for this step should be within about
+ 0.1 optical density units of the expected value for
well controlled processors. Variations exceeding

+ 0.2 should not be tolerated. It is often recom
mended that steps of greater and |ower density are
measured so that "fog" and "contrast" can be
noni t or ed. However, if the speed neasurenment is
within acceptable limts fgo and contrast will
generally be acceptable. '?hus, a single speed

determi nation generally provides adequate processor
moni toring. Neverthel ess, baseline fog and contrast
val ues should be established, since these paraneters
are often hel pful in diagnosing a processor problem
if the speed value is found to be unacceptable.

The nmost critical element in processor testing
is reproducibility. Each day the test film should be
drawn fromthe same supply (same box), and the sane
emul sion should be exposed (the two enulsions of a

double enulsion film are not always identical). The
film should be fed into the processor identically
each day (e.g., low density step first). The

densi tometer accuracy should be checked for day-to-
day reproducibility by neans of a calibrated film
strip. To increase precision, the test filmcan be
exposed twice (at different locations) so that an
average speed val ue can be deternmn ned. This requires
little additional tine or effort.

O her: In addition to the daily processor test-
ing, clinical films should be examined for processor
artifacts which may result from inadequate processor

mai nt enance (24). An occasional test is also recom
mended to eval uate darkroom safelights and possible
l'ight |eaks. The reader is directed to the appro-

priate references (25, 21) for details of safelight
test nethods.

I'V. Recommendati ons and Practical Considerations

Recommended I ndications for Frequent Portal Filmng

It is recomrended that frequent portal filns be
taken in the follow ng situations:
1) An uncooperative patient.
2) Treatment of a critical site where accuracy
on the order of 3-4 millineters is needed.
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3) Adifficult set-up such as an obese patient
or one with nbpveabl e, unstable skin marks.

4) Treatments where matching of field edges
is inmportant (e.g., breast, mantle para-
aortic, Total CNS).

5) Pediatric treatment.

Consi derations for Cbtaining Good Quality
Portal Radi ogr aphs

In general, one should be wary of using visual
inmpressions to identify the cause of image quality
di ff erences. For exanple, resolution loss my be
visually indistinguishable from contrast |oss (17).
VWhenever  possi bl e, objective nmeasures of noise,
contrast and resolution, should be obtained for
corrpari son. Unfortunately, It is difficult to
conbi ne such neasures of inage quality into a single
parameter which is indicative of observer perfornmance

for a particular task. Therefore, visual tests are
preferred when conmparing the clinical wutility of
i magi ng systens. If the visual test is based on

phantom images, phantom design should attenpt to
sinmulate the tasks required In clinical portal film
eval uati on, e.g., visualization of bony |andnarks,
field edges, etc.
The following are inportant for obtaining good
quality high energy radiographs:
1) Excellent film screen contact -
a) the use of high quality rigid conmercial
filmcassettes, especially those which are
specifically designed to provide good film
screen contact.
b) Flat (unwarped) screens.
2) Adequate screen thickness -
a) approximately -2 nm of |ead or copper
w il be suitable over the energy range of 4
W to 15 M. (For Cobalt-60, a copper front
screen approximately 1 mmthick is prefer-
able.)
b) Optional rear screen for "intensifi-
cation" or backscatter artifact reduction.
3) Long term stability -
a) the cassette/screen system chosen to
avoi d degradation through bow ng, warping,
screen damage (scratching), |oose hinges,
etc.

Towards this end, copper screens are clearly
superior to |ead.
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Practical Considerations

There are some practical considerations which
sonetimes preclude using optimal filnming conditions.
These include:

1) Cassette Weight -
Al though the thick front screen may inprove
the image quality and the rear screen wll
reduce exposure time (and, therefore, the
likelihood of blurring), they also tend to
make these cassettes extremely heavy. A
conprom se may be required.

2) Cassette Placement and Munting -
In general localization filns provide better
visualization of anatom c structures when the
patient to film distance is kept snall.

There are, however . some trade-offs. At
smal | patient-to-film di stances unsharpness
is mnimzed. On the other hand, for small

di stances there is nmore |oss of contrast due
to patient scattered radiation (7) than at
| arger distances.

Oten it is considered desirable that simu-
lator and portal/localization films be taken

at the same, standard nmagnification. Thi s
criterion may result in a larger than optimal
patient-to-film distance. On nost nachi nes
cassettes can be supported under the treat-
ment couch on special rails. For ot her
gantry angl es, several cassette hol der
desi gns exist. Sone attach to the couch, but

several free standing cassette holders are
comercially available which are nore or |ess
convenient to use, depending on design (26).
I't should be noted that several of these do
not assure that the filmis perpendicular to
the radiation beam axis. Care nust be taken
in the use of these.

One particular type of holder, now in use at
several centers (27), allows the cassette
hol der to be nounted on the gantry counter-
weight so that it is always aligned with the
beam central axis during any isocentric
gantry rotation. Its advantage$S are ease of
use and standardi zation of magnification. A
di sadvantage is that the isocenter to film
di stance must be 40-50 cm which can produce
excessive nmagnification for large fields
(e.g., "Mantles") and increased unsharpness.

3) Localization vs. Verification -

The use of "V' filmis not very popular,
probably reflecting the poor quality inages
associated w th radi ographs taken using the
"Ready  Pack" alone  without cassette or
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blurred by patient notion. Recent experi -
nments (10), however, show that acceptable
quality portal verification films can be
taken using the "V' filmin a well designed
portal film cassette with adequate netal
front screen. This study does not, however,
take into account the potential blurring due
to the increased probability of patient
motion during the long exposure tine. On the
other hand, the advantages of the "verifica-
tion" filmtechnique Is that it involves |ess
technician tine, uses a finer grain enulsion,
(whi ch thereby reduces noise), and can be
used to docunent patient notion during the
entire treatment fraction. I'ts naj or disad-
vantage is that the "doubl e exposure" tech-
ni que can not be used and, therefore, the
treatnent field is not viewed in the context
of its anatomc surroundings. The quality of
verification filns can be inproved if the "V
filmis taken out of its "Ready Pack" envel-
ope and used In a high quality portal film
cassette.

Fil m Choice & Exposure Tine -

As stated earlier, a desirable |ocalization
filmshould have a high gamma, fine resol u-
tion, and a speed slow enough to pernit
optim zation of optical density (particularly
necessary in double exposure techniques) but
fast enough to reduce patient dose and notion
bl urring.

The tinme needed for optinal exposure of a
portal film can vary by a factor of 10
according to the selection of different
radi ographic film sensitivities as well as
whether or not a rear netal screen is used.
Short exposure tinmes reduce potential notion
error, as well as unnecessary exposure to
uni nvol ved regi ons using the "doubl e expos-
ure" techni que. Long  exposure times,
however, allow greater adjustnent precision
in selecting the optimal technique to produce
a good density film Exposure times can be
reduced significantly, through the use of
rear screens. Wiile it has been shown that
the use of rear screen reduces resolution
there will not necessarily be a noticeable
reduction in inage quality due to several
other effects.

5) Daylight vs Darkroom Cassette Loading:

Ready Pack -
This issue involves questions of convenience,
quality, and philosophy. It is certainly

nore convenient for technologists to be able
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to load and reload therapy cassettes without
carrying the cassette to the darkroom In
this practice Ready Pack film can be used
either with specially designed cassettes or
in a currently available smaller fornmat which
enables it to fit a standard therapy cas-
sette. As discussed earlier, there is a
nmodest decrease in quality with Ready Pack
and an increase in cost.

Anot her conveni ence suggested for the use of
Ready Pack film is the ability to delay
processing of all filns until the end of the
treatment day, when they can be processed in
batch for review Herein lies the philo-
sophi cal question: What is the ideal use of
the portal localization filn? It is clearly
nmore in keeping with a strict interpretation
of quality assurance review for the portal/
| ocalization filmto be processed and eval u-
ated immediately, with the patient still on
the treatnment table. In this case, the
f eedback fromthe radi otherapist is used to
adjust the field prior to treatnment delivery.
It is understood, however, that the conpro-
om se of dayl i ght loading and deferred
eval uation may be a necessary expedient.

A final word about the use of portal filns for
eval uating t he accuracy of radi ation  therapy
treat nent. Oten the difficulty in determning
whet her the actual delivered treatnent is identical
to the planned or simulated treatnment is not due to
the quality of the negavoltage inmage but rather to
the lack of a comon reference frame on which to base
the eval uation. Besi des poor inmage quality other
geonmetric conditions which render this task nore
difficult are differences in nmagnification and non-
ort hogonal film positioning. A device which was
designed to mininmze these latter two problens and to
enhance the therapists’ ability to evaluate the
degree of difference between the sinulator and portal
films is called a "graticule" (28) which projects a
precise scale on the inmage to be used as a comon
reference frane.

V. |MAGE PROCESSI NG

Phot ogr aphi ¢ Met hod

Several nethods for enhancing the quality of
portal films have been reported. The sinple and
i nexpensive  phot ographic technique described by
Reinstein and Orton (29) can be perforned using
equi pnent generally available in the radiotherapy
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departent. A contact copy of the original portal
filmis produced within the department's darkroom
using a ceiling mounted low intensity light bulb
connected to a timed switch (Fig. 3). A variety of
different filnms are suitable for use as the copy
medi um although the wide latitude XL film has been
found Lo be very practical, since this filmlargely
prevents the loss of the field edge caused by the
optical density dropoff in the penunbra. The precise
| ocalization of field edge is critical for the proper
interpretation of the portal film The contact copy
is processed using an X-Omat processor, and the
resulting filmis a reversed ("black bone") inage
whose effective ganmma (contrast) is the product of
the gammas of the original and the copy film

Sonetimes the single enhancenent is adequate but
often it is necessary to repeat the contact coory pro-
cess a second tine. This yields a final high-gamma
image with the original ("white bone") polarity.
Using this technique- extremely high contrast inmages
have been achi eved which reveal good bony detail,
adequate for portal evaluation. Wth certain filns
effective gammas of 30 and greater have been achi eved
but better results with less noise are obtained in
the gamma range of 15-20. Several drawbacks of this
technique are the slight loss in resolution, the
magni fication of film processor noise, the sharp
decrease in latitude, and increased processing tine.

A recent study (30) has shown that under good
viewing conditions with "unlinited" viewing time the
probability of small object, |low contrast detection
was not statistically different between the photo-
graphically enhanced and the unenhanced images.
However, when view ng conditions worsen and view ng
tine was limted, the average quality scores were
significantly better for the enhanced filns. Thus,
the decision to incorporate photographic contrast
enhancenment into the portal filmquality assurance
program shoul d depend on the view ng circunstances of
each particular radiotherapy department.

Digital Techni ques

Al ternative met hods using digital i magi ng
t echnol ogy have been reported (31, 32, 33, 34) to
achieve -similar results. In addition, several
producers of commercial "tele-radi ography" systens

have been applying video enhancenent techniques to
the inprovenent of radiotherapy portals (35). Most
of these systens digitize the filmvia a high quality
low light video canera or |aser scanning techniques,
and process the data with a specialized graphic
processor or digital inmaging conputer. The typical.
commerci al tel e-radi ography system produces a 512 x
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512 electronic matrix with 256 gray levels, wth
"real time" digitizing capabilities, electronic zoom
and disk storage facilities. Wiile the use of such
comrerci al systens for the radiotherapy departnent is
merely a spinoff of the nmuch Ilarger diagnostic
i magi ng market, several of these manufacturers are
making a serious effort to develop this new applica-
tion.

A variation on this concept being pursued
comrercially is the use of a reusable inaging nedium
(RIM to replace conventional radiographic film for
the production of portal imging and diagnostic
radi ographs (36). Ordinary cassettes are used during
the exposure of the RIM (a photo stinulable |unmnes-
cent material) and the image information is captured.
Afterwards, the RIMis read by a |aser scanner to
produce the digital inmage. The RIMcan be erased and
reused nmany tines. Such films can be l|oaded in
dayl i ght and scanned in less than a minute to produce
a 2048 x 2048 point sanple matrix with 4096 shades of
grey. Research is currently underway to devel op the
Ideal RIM material for high energy therapy inmaging.

Photographic vs. Digital Enhancenent

The maj or advantage of the contact copy gamma-
mul tiplication technique is that it can be done with
avai |l abl e equi pnment at snall expense and produces
high quality enhancenents. Al 'though the initial
investment for a digital enhancenent system is high,
it has the follow ng benefits:

1) Enhancenent al gorithns can be chosen to suit

i ndi vi dual situations. Software  for  edge
enhancenent, hi st ogram equal i zati on, gamma
correction, and low frequency filtering are
avai | abl e. For large fields wth severe

variation in patient thickness, these algorithns
can be used to optimze the display of available
i nformati on.

2) Image storage and fast retrieval is easily
incorporated into the system

3) Software can be devel oped for superinmposing
anatom cal |andmarks as well as field outlines
of films taken on different sinulation and
treatment days. These can be used to aid in the
conpari son of planned versus executed treatnent
as well as repeatability.

VI.  ALTERNATI VES TO CONVENTI ONAL PORT FILMS

One nmethod to inmprove the quality of portal
films is the creation of a special |ow energy "port
film node" on the linear accelerator. Sever al
manuf acturers have provided this option in order to
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counteract the degradation in quality seen at the
hi gher energi es. It is, of course, wunnecessary in
the newer dual energy nmachines with beam energies as
low as 6 W.

Another alternative is the gantry mounted diag-
nostic x-ray tube, an idea which dates back to 1958
on some cobalt units (37). In a recent publication,
Biggs et al (38) describe a system which has the
capacity for checking fields with fabricated bl ocks.
The x-ray tube is nounted on the gantry at a fixed

of fset angle from the therapy beam target. The
"portal film is taken of the patient in the setup
position by a precise offset of the gantry. Early

versions of this unit could only be used to check
alignnent of the rectangular field edges while this
new unit mnakes possible beam alignnent of shaped
fields using diagnostic quality filmns. A maj or
drawback is that this attachment prevents collimtor
rotation so that all fields need special blocking and
a specially designed rotating wedge tray was re-

qui red. I't inplies a rather time consuning setup
and, in general, is not recomended as a "workhorse"
unit in a busy clinic. A comerci al version of the

gantry mounted diagnostic tube is currently available
39).

(39) An innovative application of the gantry mounted
x-ray tube technique was developed by Shiu et al
(40). This new approach is to superinpose the stand-
ard megavol tage portal inmage on the diagnostic x-ray
image using a single film Wth careful alignment
procedures this technique can provide the radiothera-
pist with "diagnostic quality" portal inmages.

The use of an on-line radiotherapy fluoroscopy
system was described several years ago by Bailey
(41). In this setup, an E2 fluoro screen was
cemented to a I/16" thick steel front screen. The
image was intensified using a low light TV camera. A
90° bend necessary for the side nounting of this
system was achieved through the use of a planar
mrror. The images were plagued by electronic
interference resulting fromthe linac. Wth this
system the entire treatment could be easily
vi deot aped and used for patient notion studies and
other teaching purposes.

Another effort at real time on line inmaging was
reported by Partownah and Lam (42) who use a scanning
linear array of silicon diodes on the exit side of
the therapy beam The array is nounted 150 cm from
the target with a detector separation of 2 mm yield-
ing an estimated 1.5 nm per pixel resolution. The
linear detector array is mechanically scanned and an
imge reconstructed using digital processing and
signal averaging techniques.
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Di gital megavoltage imaging i s being devel oped
at several other centers using digital inage proces-
sing techniques (43, 44). Wth these systens the
i mge produced on a fluorescent screen is captured by
a video canera and digitized in a 512 x 512 matri x.
Usi ng sophisticated image processing techniques the
authors have denobnstrated the ability to produce
clinically useful on line portal inmages in a natter
of seconds.

Efforts are being nade to use conputer technol -
ogy to help expedite and inprove the evaluation of

patient treatnment accuracy. Ideally a conputer
assisted verification system can be used for an
automated "go/no go" treatnent decision. A first

step towards this end would be the superposition of
the shaped treatment field (as drawn on the simla-
tor/localization film) on a digitized portal inmage.
Even nore exciting is the notion of acconplishing
this task in "real time" in an on-line inaging node.
Some very promising prelimnary results in this
direction have already been discussed.
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