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Figure 2. The dual-energy windows set for (A) the DEW
method and (B) the ETM method
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Figure 3. The scatter distribution (Ps) calculated using a
scatter kernel (k) convoluting with the photopeak data (Pun)
in projection space

Figure 4. The scheme of trajectories of scattered photons in
the SSS algorithm
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Figure 5. The flow chart illustrating the general principle of
the SRBSC algorithm
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Figure 6. (A) For each projection angle, the primary events
are blocked at several radial bins. (B) The scatter distribution
(dotted line) is interpolated based on the scatter components
(solid arrow) estimated at those blocked bins.

Figure 7. The reconstructed images of the Zubal phantom. (A) The reference image used as input to the simulator, (B) uncor-
rected image, and (C) image corrected by the BS method



Scatter correction methods

BS

FOV

[26] -18

(partial volume) 

-18-FDG (standard uptake

value) 

[27]

-18-FDG (

)

-86 (86Y) -86 (90Y) 

[28]

2

[29]

[30] 

-18-FDG

(1)

FOV (2) 

(3) 

(4) (5) 

PET (6) 

BS

1. Johns HE, Cunningham JR eds. The Physics of

Radiology. 4th ed. Springfield, USA: Charles C.

Thomas; 1983:176-179.

2. Bailey DL, Meikle SR. A convolution-subtraction scatter

correction method for 3D PET. Phys Med Biol

1994;39:411-424.

3. Cherry SR, Meikle SR, Hoffman EJ. Correction and

characterization of scattered events in three-dimensional

PET using scanners with retractable septa. J Nucl Med

1993;34:671-678.

4. Cherry SR, Huang SC. Effects of scatter on model para-

meter estimates in 3D PET studies of the human brain.

IEEE Trans Nucl Sci 1995;42:1174-1179.

5. Grootoonk S, Spinks TJ, Jones T, Michel C, Bol A.

Correction for scatter using a dual energy window tech-

nique with a tomograph operating without septa. IEEE

Med Imag Conf Rec 1991;3:1569-1573.

6. Grootoonk S, Spinks TJ, Sashin D, Spyrou NM, Jones T.

Correction for scatter in 3D brain PET using a dual ener-

gy window method. Phys Med Biol 1996;41:2757-2774.

7. Bendriem B, Trebossen R, Frouin V, Syrota A. A PET

scatter correction using simultaneous acquisitions with

low and high energy thresholds. IEEE Med Imag Conf

Rec 1993;3:1779-1783.

8. Shao L, Freifelder R, Karp JS. Triple energy window

scatter correction method for PET. IEEE Trans Med

Imag 1994;13:641-648.

9. Jaszczak RJ, Greer KL, Floyd CE Jr, Harris CC,

Coleman RE. Improved SPECT quantification using

compensation for scattered photons. J Nucl Med

1984;25:893-900.

10. McKee BTA, Gurvey AT, Harvey PJ, Howse DC. A

deconvolution scatter correction for a 3D PET system.

2005;18:225-233 2005 12 18 4

231



u J et al

IEEE Trans Med Imag 1992;11:560-569.

11. Shao L, Karp JS. Cross-plane scattering correction- point

source deconvolution in PET. IEEE Trans Med Imag

1991;10:234-239.

12. Bentourkia M, Msaki P, Cadorette J, Lecompte R.

Assessment of scatter components in high-resolution

PET: correction by nonstationary convolution subtrac-

tion. J Nucl Med 1995;36:121-130.

13. Adam LE, Karp JS, Brix G. Investigation of scattered

radiation in 3D whole-body positron emission tomogra-

phy using Monte Carlo simulations. Phys Med Biol

1999;44:2879-2895.

14. Zaidi H, Koral KF. Scatter modelling and compensation

in emission tomography. Eur J Nucl Med Mol Imag

2004;31:761-782.

15. Watson CC, Newport D, Casey ME, deKemp RA,

Beanlands RS, Schniand M. Evaluation of simulation-

based scatter correction for 3-D PET cardiac imaging.

IEEE Trans Nucl Sci 1997;44:90-97.

16. Watson CC. New, faster, image-based scatter correction

for 3D PET. IEEE Trans Nucl Sci 2000;47:1587-1594.

17. Watson CC, D Newport, Casey ME. A single scatter sim-

ulation technique for scatter correction in 3D PET. In:

Grangeat P, Amans JL, eds. Three-Dimensional Image

Reconstruction in Radiology and Nuclear Medicine.

Dordrecht: Kluwer Academic; 1996:255-268. 

18. Ollinger JM. Model-based scatter correction for fully 3D

PET. Phys Med Biol 1996;41:153-176.

19. Levin CS, Dahlbom M, Hoffman EJ. A Monte Carlo cor-

rection for the effect of Compton scattering on 3-D PET

imaging. IEEE Trans Nucl Sci 1995;42:1181-1185.

20. Wollenweber SD. Parameterization of a model-based 3-

D PET scatter correction. IEEE Trans Nucl Sci

2002;49:722-727.

21. Werling A, Bublitz O, Doll J, Adam LE, Brix G. Fast

implementation of the single scatter simulation algorithm

and its use in iterative reconstruction of 3D PET data.

Phys Med Biol 2002;47:2947-2960.

22. Ferreira NC, Trebossen R, Lartizien C, Brulon V,

Merceron P, Bendriem B. A hybrid scatter correction for

3D PET based on an estimation of the distribution of

unscattered coincidences: implementation on the ECAT

EXACT HR+. Phys Med Biol 2002;47:1555-1571.

23. Zaidi H. Reconstruction-based estimation of the scatter

component in positron emission tomography. Ann Nucl

Med Sci 2001;14:161-171.

24. Pan TS, Yagle AE. Numerical study of multigrid imple-

mentations of some iterative image reconstruction algo-

rithms. IEEE Trans Med Imag 1991;10:572-588.

25. Chuang KS, Wu J, Jan ML, Chen S, Hsu CH. Novel

scatter correction for three-dimensional positron emis-

sion tomography by use of a beam stopper device. Nucl

Instr and Meth A 2005 (in press).

26. Marsden PK. Quantification in PET: what is it? Can we

do it? Do we need it? Nucl Med Commun 2004;25:635-

636.

27. Strother SC, Liow JS, Moeller JR, Sidtis JJ, Dhawan VJ,

Rottenberg DA. Absolute quantitation in neurological

PET: do we need it? J Cereb Blood Flow Metab

1991;11:A3-A16.

28. Pentlow KS, Finn RD, Larson SM, Erdi YE, Beattie BJ,

Humm JL. Quantitative imaging of yttrium-86 with PET.

The occurrence and correction of anomalous apparent

activity in high density regions. Clin Positron Imag

2000;3:85-90.

29. Zhang H, Tian M, Oriuchi N, Higuchi T, Tanada S, Endo

K. Detection of lung cancer with positron coincidence

gamma camera using fluorodeoxyglucose in comparison

with dedicated PET. Eur J Radiol 2003;47:199-205.

30. Montandon ML, Slosman DO, Zaidi H. Assessment of

the impact of model-based scatter correction on 18F-FDG

3D brain PET in healthy subjects using statistical para-

metric mapping. Neuroimage 2003;20:1848-1856.

Ann Nucl Med Sci 2005;18:225-233 Vol. 18 No. 4       December 2005

232



A Review of Scatter Correction Methods for Three-Dimensional
Positron Emission Tomography

Jay Wu1,2, Hsing-Hon Lin2, Keh-Shih Chuang2

1Department of Radiological Technology, Central Taiwan University of Science and Technology, Taichung, Taiwan
2Department of Nuclear Science, National Tsing-Hua University, Hsinchu, Taiwan

Received 8/23/2005; revised 9/27/2005; accepted 9/28/2005.
For correspondence or reprints contact: Jay Wu, Ph.D., Department of Radiological Technology, Central Taiwan University of Science and Technology, 11 Pu-Tzu Lane,
Pei-tun District, Taichung 406, Taiwan.  Tel: (886)-928246662,  Fax: (886)3-4891792,  E-mail: iamjaywu@giga.net.tw

Positron emission tomography (PET) offers the possibility of quantitative assessment of tracer concentration in vivo.

Fully 3D PET can achieve higher system sensitivity of coincidence events than the 2D mode, but the absence of

inter-slice septa inevitably leads to increased scattered events. The scattered events can contribute as much as

50% of the total detected events. Therefore, accurate correction for the scatter component is necessary for mean-

ingful quantitative image analysis and tracer kinetic modeling. A number of scatter correction methods have been

proposed and successfully implemented for 3D PET. In this article, we comprehensively reviewed five scatter cor-

rection approaches, including curve fitting method, energy-based method, convolution subtraction method, model-

based method, reconstruction-based method, and our newly developed beam stopper approach.
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