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A ModifIed FORTRAN Program for the Calculation
of Modulation Transfer Function

In a recent Concise Communication, Benedetto and
Nusynowitz (1) presented a FORTRAN program for cal
culation of the modulation transfer function (MTF) from
line spread function data. Several assumptions were made
concerning the symmetry of the line spread function (1SF):
specifically, that the peak value of the 1SF occurs at the
origin and that the 1SF is symmetric about this peak value.
Yet in their example the 1SF is clearly not symmetric about
the peak value. The true peak of the 1SF curve does not
occur at the observed maximum, and hence the origin
should not be taken to be this value. Further, the program
requires an odd number of LSF values. If the 1SF data are
symmetric, but the true peak is straddled by two equal data
points, the program requires the loss of an important data
point in order to provide an odd number of 1SF values.

We have been using a modified program that is mdc
pendent of symmetry about the origin and accepts an odd
or even number of 1SF values. Our program also computes
the integral of the MTF,

I_I'= â€˜1
I MTF(v). dv,
J p= 0

from frequency 0 to the first spatial frequency where
MTF('y) reaches 0. This integral provides a convenient
basis for the comparison of modulation transfer functions.

Calculations. Let N = number of LSF values, and let
each be represented by f(X,), where X, is the displacement
along the abscissa. If N is odd, let m = (N â€”1)/2; if N
is even,let m = N/2.

Then, for a given spatial frequency v, define

SC = N@(m+1)f(X) cos 2wvXt,

Nâ€”(m+1)

SS= Iz;n f(X,)sin2,rvXi.

Let p = tan1 (â€”SC/SS). If p < o, let p =@ + @-.Then

MTF(v) = r@- sin(flâ€” 55. cos(fl)L N-(m:1)f(X,)

@--
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FIG. 1. (A)Bonescan(posteriorview)withTc-99mdiphospho
nate, showing increased splenic accumulation.(B) Left lateral view
of bone scan confirmedpresenceof activity within spleen. (C) Tech
netium-99m sulphur colloid liver and spleen scan showing no ac
tivity in spleen. Normal liver. (a) anterior, (b) right lateral, (c) pos
tenor (centered toward right), and (d) posterior (midline).

(a) sluggish intrasplenic circulation secondary to the in
creased viscosity of the blood containing sickled cells, and
(b) blockage of the reticuloendothelial system by over
saturation of these phagocytic cells (8). Possibly the severe
hemosiderosis secondary to multiple transfusions bears some
relation to the decreased splenic uptake of sulphur colloid.
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GIVEN ORDER

UNMODI- MOD!-REVERSE

ORDERUNMODI-

MODI
FREQFlED FlEDFlEDFlED0.0001.000

1.0001.0001.0000.0250.984
0.9850.9840.9850.0500.939
0.9390.9390.9390.0750.868
0.8690.8680.8690.1000.777
0.7780.7770.7780.1250.673
0.6750.6730.6750.1500.565
0.5670.5650.5670.1750.458
0.4620.4580.4620.2000.360
0.3640.3600.3640.2250.274
0.2790.2740.2790.2500.202
0.2080.2020.2080.2750.145
0.1510.1450.1510.3000.102
0.1080.1020.1080.3250.070
0.0760.0700.0760.3500.047
0.0540.0470.0540.3750.03

1 0.0380.03 10.0380.4000.019
0.0270.0190.0270.4250.010
0.0180.0100.0180.4500.004
0.0120.0040.012SUM=0.17570

0.177640.175700.17764Enter

No.of LSF values to beread;18FREQGIVEN

ORDER

UNMODI- MODI
FlED FlEDREVERSE

ORDERUNMODI-

MODI
FlEDFlED0.0001.000

1.0001.0001.0000.0250.985
0.9850.9840.9850.0500.940
0.9410.9370.9410.0750.870
0.8710.8640.8710.1000.780
0.7810.7710.7810.1250.677
0.6790.6650.6790.1500.569
0.5720.5550.5720.1750.462
0.4650.4480.4650.2000.363
0.3660.3490.3660.2250.275
0.2790.2640.2790.2500.202
0.2070.1940.2070.2750.144
0.1490.1400.1490.3000.099
0i060.1000.1060.3250.067
0.0750.0720.0750.3500.045
0.0540.0530.0540.3750.030
0.0390.0390.0390.4000.020
0.0290.0290.0290.4250.012
0.0210.02 10.0210.4500.006
0.0140.0140.014SUM=0.17612

0.178160.17484 0.17816
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While this is not the most general form of the MTF, it is
the most general form that can easily be used in nuclear
medicine. The sine term [SS . cos(fl)1 in this form corrects
1SF for asymmetrical values. This form reduces directly
to the form given in (1 ) if true symmetry is assumed. How
ever, this is rarely the case in actual 1SF data.

The integral is estimated using the trapezoidal rule, i.e.,
for N frequency increments to zero MTF we have

@:
N

I ([MTFS (i _ 1) + MTFS (i)]/2)*FREQ,

where i is the ith frequency increment, MTFS(i) = MTF
(FREQ*i).

Program description. We have modified the program pub
lished by Benedetto et al. to include the sine correction
and MTF integral as shown in Appendix 1. The increase
in computational time is unnoticeable on a mini-computer
system. In Appendix 2, MTF values of the unmodified and
modified programs are compared using the LSF data from
the sample run given in ( 1 ) . Further, the MTF values are
compared when the LSF data have been entered in reverse
order. Note that for the odd number of 1SF values, both
versions compute MTF vaiues independent of the order of
entry, whereas for an even number of 1SF values the
MTFs are identical with the modified program. Note also
that the difference in MTF as computed by the two methods
is significant when compared with the differences in MTF
one might obtain from different systems or collimators.

Thus this program is run the same as that shown in (I),
but it admits a wider range of line spread functions. The
program also incorporates the integral of the MTF, which
is useful for comparing more than a few MTFs.

APPENDIX 1

Modifications for computer program. The program given
in (1) can be modified in the following manner, starting
after statement 2.

XNUM = 0.0
XNUM 1 = 0.0
XNUM2 = 0.0
SUMTF = 0.0
TEMP= 1.0
DO 12 I = l,N
XNUM1 = XNUMI + Y(1) * COS

(TWOPI*XFREQ* X(I))
12 XNUM2 = XNUM1+Y*SIN(TWOPI*XFREQ*

X(I))
IF (XNUM2) 15,16,15

15 DFREQ = ATAN(â€”XNUM1/XNUM2)
IF (DFREQ) 13,14,14

16 DFREQ=TWOPI/4.0
GOTO 14

13 DFREQ = DFREQ + 3.1415
14 THET = SIN(DFREQ)

PHI = COS(DFREQ)
XNUM = XNUM1*THET@ XNUM2*PHI
XMTF = XNUM/SUMY
IF (XMTF) 98,22,22

22 IF (l.0â€”XMTF) 98,24,23
23 SUMTF = SUMTF + (XMTF+TEMP)*FREQ/2.0
24 TEMP =XMTF

WRITE ( 1,302) XFREQ, XMTF

98 CONTINUE
WRITE ( 1,308) XFREQ, SUMTF

308 FORMAT (lx, â€œTHEINTEGRAL FROM 0 TO â€œ,
F5.3, â€œISâ€•,F6.3)

APPENDIX 2

MiT output comparing modified with unmodified pro
gram, with both an even and an odd number of LSF values,
based on sample run in (1). Enter number of LSF values
to be read; 19
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Gated Radi(

In contrast to conventional radiographic ventriculography
â€”where a high-volume pressure injection of hyperosmolar
contrast agent is required to visualize and evaluate the
volume of one side of the heart at a time (1,2)â€”the radio
nuclide angiocardiogram (3,4) is a physiologic, safe, non
invasive procedure that is easy to perform and to repeat
without undesirable side effects or discomfort to the patient.

Following the i.v. injection of an intravascular tracer
such as Tc-99m-labeled human serum albumin, the passage
of radioactivity through the heart is monitored by a scm
tiliation camera and images are sequentially recorded to be
assessed qualitatively and/or quantitatively.

On a qualitative basis,the obtained scintiphotosare used
to estimate the sizes of cardiac chambers and great vessels
and to detect congenital or acquired anatomic abnormalities.

For quantitative analysis, the output of the scintillation
camera is interfaced to a computer system. By introducing
a physiologic gating signal (e.g., electrocardiographic), the
data are obtained only during selected portions of the car
diac cycle. By summation of the obtained information over
several cardiac cycles, mean cardiac scintiphotos are ob
tamed for selected portions of each heart beat. When this
procedure is applied to end-systole and end-diastole, infor
mation is obtained regarding regional wall motion (5),
ventricular volume, and ejection fraction.

This gated radionuclide technique has a major advantage
that has not receivedenough recognition: it permits simul
taneous evaluation of both right and left ventricles regard
ing their size (Figs. I and 2) and calculation of the ejection
fraction of each ventricle (6,7). Accordingly, this technique
fully deserves to be called Gated Radionuclide Biventricu
lography instead of the less descriptive terms currently used.
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Segmental Analysis of Tl-201 Stress Myocardial
Scintigraphy: The Problem of Using Uniform
Normal Values of Tl-201 Myocardial Uptake

The method of quantitation of regional Tl-201 myocar
dial uptake, described by Lenaers et al. (1) is very similar
to the 11-201 scintimetry (2) which was designed to relate
the regional Tl-20l minimum uptake to the myocardial
maximum uptake (= 100% ). This method has proved to
be valid for comparing Tl-201 regional uptake with (a) the
grade of coronary artery stenosis, and (b) the regional left
ventricular motion pattern (2) . As we have shown, with
the subject at rest, each anatomically defined region of the
left ventricular myocardium has its own normal Tl-20 1

FIG. 1. GatedradionuclidebiventriculograminLAOprojection
in diastole (left) and systole (right) to demonstrate the hugely en
larged right ventricle.

FIG.2. GatedradionuclidebiventriculograminLAOprojection
in diastole (left) and systole (right) to illustrate the markedly en
larged left ventricle.

1240 JOURNAL OF NUCLEARMEDICINE




