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Abstract 

Image analyzer system and collimator has been successfully applied to calibrate simultaneously multiple I-125 seeds in a 
sterile cartridge.  Seeds within the cartridge were placed on an imaging plate, and the imaging plate irradiated.  To remove 
scatter radiation, and improve spatial resolution of seed images, this study used a specially designed collimator.  The irradiated 
imaging plate was scanned using an image analyzer system, and radioactivity intensities of seed images were given in counts. 
Counts could be translated to profiles, and each seed within the cartridge was analyzed.  It is observed that a good correlation 
between counts and total radioactivity of the seeds within the cartridge.  Thus, using a least-squares line, it was possible to 
calibrate a seed with unknown apparent activity.  By analyzing the profiles, it was possible not only to detect a miscalibrated 
seed in the cartridge from its relative difference in counts, but also to identify its position in the cartridge.  Using an imaging 
analyzer system, all seeds in a cartridge could be calibrated in a sterile environment.  
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1. Introduction 
 

Early stage prostate cancer can be treated successfully by 
radioactive I-125 seed implantation or prostate brachytherapy with I-125 
seeds (1-2).  Seeds containing the radionuclide I-125 are most 
commonly used for permanent implantation or prostate 
brachytherapy. I-125 seed placement can be performed using a 
Mick applicator, a preloaded needle, or a rapid-strand (3). 

In September 2003, prostate brachytherapy using I-125 
seeds was first used in Japan. The seed placement technique was 
that of the Mick applicator. Most institutions use OncoSeed 
(Model 6711, GE Healthcare, Chicago, IL) as I-125 seeds. 
OncoSeed is delivered in a sterile environment in the form of a 
cartridge in which 5 or 15 seeds have been pre-loaded. 

The American Association of Physicists in Medicine 
(AAPM) Task Group No. 40 recommends that at least 10% of the 
seeds to be used in a single implant should be calibrated in each 
institution (4). Procedures for daily quality assurance of I-125 
seeds have not been established in Japan, and I-125 seeds are 
usually used as delivered for treatment without activity calibration.  

There is a possibility that multi-seed cartridges contain dead seeds 
without radioactivity, or miscalibrated seeds with wrong amounts 
of radioactivity. Therefore, it is indeed necessary to calibrate I-125 
seeds in each institution in order to avoid incorrect implantation. 
Single seed calibration using an ionization chamber is a standard 
method for dosimetry of I-125 seeds (4). However, sterilized 
cartridges containing multiple I-125 seeds are mainly delivered to 
institutions in recent years.  It is impractical to re-sterilize and re-load 
seeds after calibration in different institutions. In addition, single 
seed calibration is extremely time consuming, and involves 
increased personal exposure if calibrating 100% of seeds. 

This study aimed to develop a method to calibrate 100% of 
the seeds within a cartridge in a sterile environment.  
 
 
2. Materials and Methods 
 

An image analyzer system consists of IP (BAS-SR), an 
image analyzer (BAS1500, Fuji photo film Co., Ltd.) comprised 
of an image reader and a personal computer, an eraser, and an 



3. Results   image printer.  A specially designed collimator was placed on the 
IP in order to remove scattered radiation and improve spatial 
resolution of seed image.  The calibrated I-125 seeds were 
supplied by the Cancer Institute of the Japanese Foundation for 
Cancer Research (NIST traceable).  An accuracy of the activity 
of each seed was ±2%.  A well type ionization chamber was 
calibrated by using the seeds.  Commercially seeds (OncoSeed: 
Model 6711) were measured by the ionization chamber.  The 
seeds activities ranged from 0Bq (dead seed) to 13.2MBq.  
These seeds were loaded in the cartridges.   

 
Fig. 2a shows the images of seeds within the cartridge.  

The 15 seeds in the cartridge were discriminated from each other 
by using the collimator.  The spatial resolution of the seed image 
was remarkably improved.  Fig. 2b shows the ROI and the 
profile of the image.  The profile also showed 15 peaks 
corresponding to the 15 seeds.  All I-125 seeds in the cartridge 
were clearly distinguished from the outside of the cartridge.   

Fig. 3a illustrates the profile of a 15-seed cartridge in which 
the apparent activity of each seed was 12 MBq ± 3% .  Fig. 3b-f 
shows profiles when the seed loaded at the 8th position in the 
cartridge was replaced with the seeds having activity of 90, 80, 70, 
50, and 0% of the original seed.  The activity differences greater 
than ±20% were easily distinguished visually by observing the 
seeds images.  Reproducibility in counts for the same seeds was 
within ±4%. 

Fig. 1-1 and 1-2 shows the set-up for irradiation, where 
cartridges were fixed to the collimator using an acrylic jig. The IPs 
were irradiated by placing the cartridge containing seeds on the 
collimator for 3 minutes in a dark condition.  The irradiated IPs 
were measured by using an image analyzer system under dark 
condition, and activities of the seeds were obtained by 
superimposing a region of interest (ROI) on each seed image. 

Due to interferences between each seed radioactivity, counts 
at both ends of the seed cartridge tended to decrease.  In addition, 
nonuniform sensitivity exist in the imaging plate (10).  Fig. 4 
shows the 15 ROIs superimposed on each seed image.  Table 1 
shows the position correction coefficient correspond to each ROI.  
Counts for each seed were corrected using the position correction 
coefficient.  The maximum difference in counts after correction 
of each seed was within ±10%.   

 

 

  

collimator(-) collimator(+) 

Fig. 1-1. Set up for irradiation of cartridges. Nine cartridges were 
fixed onto the collimator using an acrylic jig, and the grid was placed 
on an imaging plate. 
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Fig. 1-2. Set up for irradiation of cartridges (sterile version). 
cartridges in a sterile package were fixed onto the collimator 
using an acrylic jig, and the grid was placed on an imaging plate in 
a shading bag. 

Fig. 2 (a)  Effect of the collimator on seed images.  Fifteen seeds 
were loaded in the cartridge. The collimator was inserted between the 
cartridge and the imaging plate (collimator (+)) or the cartridge was 
placed directly on the imaging plate (collimator (-)). (b) Analysis of 
seed profiles. A region of interest (ROI) is superimposed on the seed 
image and 15 peaks can be distinguished. The intensity of the seed 
image was given as counts (photostimulated luminescence (PSL)). 

 
 
 

  
  



 

 

4. Discussion 
 

Imaging plates have a wide dynamic range and a superior 
linearity compared to a conventional X-ray films (5). The good 
correlations between counts and exposure time, or between counts 
and apparent activity demonstrated these characteristics of the 
imaging plate(5,10,11,12,13,14,15).  When the seed images 
were taken without a collimator, the IP displayed blurrd images as 
if the 15 seeds was a single large seed because photons emitted 
from 125I radiate from the seeds towards 4π directions.  The 
individual seeds, therefore, were not distinguished from each other. 
On the other hand, the collimator selects the photons emitted from 
the individual seeds by removing the photons from the other seeds 
(Fig. 2).  Seed images obtained with the collimator clearly 
displayed individual seeds contained in a cartridge and allowed to 
estimate respective activities. Furthermore, analyzing the image 
profiles makes it possible not only to detect a miscalibrated seed in 
the cartridge, but also to identify its position.  

 
Fig. 3.  Analysis of profiles. (a) Fifteen seeds each with an apparent 
activity of 12 MBq ±3% were used.  The seed at the 8th position in 
the cartridge was exchanged with the seeds having activity of 90(b), 
80(c), 70(d), 50(e), and 0%(f) (dead seed) of the original seed, whereas 
all the other seeds remained in the same positions. 

Single seed calibration using an ionization chamber is a 
standard method for dosimetry of I-125 seeds (4).  However, in 
Japan, sterilized OncoSeeds are delivered in the form of a 
cartridge.  It is impractical that each institution calibrates the 
activities of the seeds taken out of the cartridge, and re-loads the 
seeds in the cartridge after re-sterilizing.  Additionally, single 
seed calibration of all seeds in a cartridge is extremely time 
consuming, and would involve increasing personal exposure. To 
resolve these problems, Lee et al. suggested the use of the 
five-seed assay method (6), while Mellenberg and Kline 
suggested the use of the batch assay method (7), and Feygelman 
et al. and Butler et al. proposed the calibration technique using the 
rapid strand (8-9). To the best of our knowledge, this is the first 
report of an activity calibration technique for seeds within a 
cartridge in a sterile environment. AAPM TG40 reduced its 
recommendation of "ideally 100% sources" to "at least 10% 
sources" as a reasonable and practical standard for seed assays for 
procedures involving large numbers of loose seeds. However, 
with this recommendation, the majority of sources (90%) are not 
assayed. Using our imaging plate dosimetry system, it is possible 
to simultaneously assay 100% of seeds planned to be used for a 
patient (up to 9 cartridges can be calibrated at once). Irradiation 
takes 3 min, and scanning with the image analyzer system takes 
about 10 min.  Calibration can be conducted in a short period 
time and the personal exposure would be negligible. Thus the IP 
dosimetry completely resolved the two problems.  
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Fig. 4.  15 ROIs on each seed image. 

 Table 1. Calculation of a position correction coefficient 

ROI 
No. 

Counts(PSL) 
position 
correction 
coefficitent 

1 806 x 1.36 
2 1022 x 1.03 
3 1053 x 1.00 
4 1086 x 0.97 
5 1099 x 0.96 
6 1079 x 0.98 
7 1069 x 0.99 
8 1109 x 0.95 
9 1090 x 0.97 
10 1114 x 0.95 
11 1088 x 0.97 
12 1116 x 0.95 
13 1146 x 0.92 
14 1117 x 0.94 
15 924 x 1.14 

  

 

 

 

 

 

 

 

Reproducibility in counts for the cartridge with the same 
seeds was within ±4%.  Reproducibility for the imaging plate 
was almost similar to that reported in previous studies (within 5%) 
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(5, 10).  Only in the analyses of seed profiles within a cartridge, it 
is difficult to calibrate accurately the apparent activity of each seed 
due to interferences between each seed radioactivity.  However 
seed activity differences greater than ±20%, by analyzing relative 
differences of the profile shape, it is possible to detect a 
miscalibrated seed within the cartridge.  The maximum 
difference in counts after correction by a position correction 
coefficient was within ±10% for fifteen 12MBq seeds.  Thus, if 
one seed differs by 10% or more in counts from other seeds, it is 
suggested that the seed is miscalibrated.   
 
 
 
5. Conclusion 
 

Activity calibration of I-125 seeds for prostate implantation 
can easily be done using an imaging plate and a collimator.  This 
method would be useful in all institutions required calibrate 
multiple I-125 seeds. 
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