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Abstract.  A system for taking static thyroid 99mTc images was devised by using multiple imaging plates (IPs) 
and a low energy high resolution collimator.  Sensitivity was represented by using lower detection limits (LDL).  
The sensitivity and resolution of IP systems using a collimator and 9 IPs were determined by using a 20 ml 
thyroid phantom, and compared with the sensitivity of gamma cameras.  The sensitivity of the IP systems 
increased in proportion to the number of IPs.  The sensitivity and resolution of a probe using 9 IPs and a high 
resolution collimator were equivalent to or superior to the gamma camera for taking static thyroid 99mTc images.  
IP systems can be applied clinically as static nuclear imaging devices as same as a gamma camera. 
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1. Introduction 
 

A high sensitivity 123I thyroid uptake measurement system and an 123I thyroid imaging system in our 
previous reports were devised by using an imaging plate (IP) system for reducing the patient's 
absorbed dose [1,2].  Although pharmaceuticals labeled with 99mTc, 67Ga, 201Tl, 123I, and 131I are used 
for the imaging with cameras, the 70% imaging are performed by using 99mTc [3].  Technetium-99m 
with a physical half-life of 6.01 h decays by isomeric transition, emitting a 140 keV γ-ray (89.1%) 
close to the 159 keV γ-ray (83.3%) of 123I [4].  Comparison of gamma ray energy and emission 
probability between 99mTc and 123I suggests that the IP systems for 123I thyroid imaging may be applied 
to 99mTc thyroid imaging without major modification.   

However, the low sensitivity of IP systems must be improved up to comparable level of the gamma 
cameras in order to apply clinically.  The sensitivity of the IP systems may be increased by using 
multiple IPs.   

The purposes of this study are to devise an IP system for taking 99mTc thyroid image, to improve 
sensitivity of the IP system using multiple IPs, and to compare the performance of the IP system with 
a gamma camera.   
 
2. Materials and methods 
 
2.1 99mTc sources and phantom  
 

99mTc activities were determined by using a well-type NaI scintillation detector (AccuFLEX γ 7001, 
Aloka Co. Ltd., Japan).  A 1 mm thick polyethylene resin capillary tube with a 0.9 mm inner 
diameter and 80 mm in length loaded with aqueous 99mTc solution of 37 MBq was used as a line 
source.   

An anthropomorphic acrylic thyroid phantom of 20 mL was loaded with aqueous 99mTc solution, 
and then fixed on the base of the neck phantom [5].  The thyroid activity ranged from 150 kBq to 
4.00 MBq.  The prethyroid tissue thickness of the thyroid neck phantom converted to water thickness 
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by using acrylic density of 1.1 g·cm-3 was 4.7 mm.  This value was equivalent to the prethyroid tissue 
thickness for Japanese women in the supine cervical extension position [1, 6]. 
 
2.2 Imaging systems 
 
2.2.1 Gamma camera 
 

A gamma camera (Dual-Head Variable-Geometry Nuclear Imaging System) has two rectangular 
detectors (Millenium VG Hawkeye, GE Healthcare, USA), and one of the detectors equipped with a 
low-energy high resolution-type parallel hole collimator (LEHR) collimator (Millenium VG Hawkeye, 
GE Healthcare, USA) was used.  The matrix size was 512×512, and the pixel size was 0.55×0.55 
mm. 

 
2.2.2 IP system   
 

An image analysis system (IP system: BAS-2500, Fuji Photo Film Co. Ltd.) consists of an IP 
(BAS-MS, Fuji Photo Film Co. Ltd), an image reader (Image Reader ver. 1.1, Fuji Photo Film Co. 
Ltd), a personal computer (PC) (OS: Windows, Dell Co. Ltd, USA), an eraser (IP ERASER BAS, Fuji 
Photo Film Co. Ltd), and two image processing programs (Image Gauge ver.3.30 and L-process 
ver.1.1, Fuji Photo Film Co. Ltd).  

The IPs was inserted into a light proof plastic bag (IP bag).  An IP probe consisted of an IP bag 
and a collimator.  The LEHR collimator 35 mm in length, 1.5 mm in diameter, and 0.2 mm in septal 
thickness for gamma cameras was used for the system.   
An IP probe mounted the LEHR collimator was termed P-GCIP.   
 
Figure 1: Procedure for merging images 
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a. Arrangement of IPs on IP tray for readingIPs were placed on three areas T1, T2, and T3 

designated on the IP tray.   
 
b. Procedure to merge three images IP1, IP2, and IP3 represent images of the first IP, the 

second IP, and the third IP.  M1, M2, and M3 represent images of IP1, merged IP1 and 
IP2, merged IP1, IP2, and IP3.  
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2.3 Image acquisition 
 

2.3.1 Measurement set up 
 

Figure 1 shows how to make merged images.  Nine 200×110 mm IPs were prepared by cutting a 
commercially available 400×200 mm IP.  Four h1, h2, h3, and h4 holes were drilled on the IPs as 
reference points.  The IPs were termed IP1, IP2, IP3, IP4, IP5, IP6, IP7, IP8, and IP9 in the order 
from the collimator side.  The P-GCIP probe used nine IPs. 

The IP probe and the gamma camera detector were placed in front of the thyroid-neck phantom so 
that they made contact with the neck phantom’s surface.  The irradiation time for the IP systems was 
10 min, and the measurement time for the gamma camera was 10 min. 

Both 20 and 100% energy windows were set on the 99mTc energy spectrum of the gamma camera.  
Figure 1a shows a measurement arrangement of IPs placed on an IP tray.  The IPs were measured 

by using the image reader 5 min after the end of irradiation in order to make fading rate constant [7, 8].  
The IP tray was divided into three T1, T2, and T3 areas.  After irradiation, IP1, IP2, and IP3 were 
placed on the designated areas T1, T2, and T3, respectively.  Their latent images were read by the 
image reader with a pixel size of 0.2×0.2 mm, and were displayed on a computer monitor.  When 
the six IPs were used, the IP4, IP5, and IP6 in the second reading were placed on the T1, T2, and T3 of 
the same tray.  When the nine IPs were used, the reading was repeated three times in the same 
manner.   

 
2.3.2 Image processing procedure 
 

Figure 1b shows how to merge three images obtained from the IP1, IP2, and IP3.  The 4 reference 
points on the 3 images were automatically adjusted to agree with each other by using the image 
processing program of the L-process.  The sign M1 represents the image IP1.  Sign M2 represents 
an image obtained by merging IP1 and IP2 images.  The M3 sign represents the merged IP1, IP2, and 
IP3 images.  The nine images obtained with the P-GCIP were termed M1-GCIP to M9-GCIP.  It 
was assumed that these images were taken by different IP systems.  The 9 signs representing images 
M1-GCIP to M9-GCIP were also used for designating respective IP systems.  

A 70×70 mm ROI (ROI-1) was set at the center of the thyroid image thereby covering the entire 
image as shown in Fig.2b.  A PSL value (count) of the thyroid image was obtained by summing up 
the counts of all the pixels within the ROI-1.  A 90×10 mm ROI-BG was set near the end of the IP 
in order to estimate the background (BG) count including scattered radiation.  The area of the 
ROI-BG (Ab) was smaller than the ROI-1 (A2).  The BG count of the ROI-1 was calculated by 
multiplying the ROI-BG count by a value of the ratio of A2/Ab.  A net count was obtained by 
subtracting the BG count from a raw count, and a count rate was calculated by dividing the net count 
by the exposure time.  The measurements were repeated five times.   
 
2.4 Estimation of system performance 
 
2.4.1 System spatial resolution  
 
  System spatial resolution of the IP systems was determined by referring to the National Electrical 
Manufacturers Association (NEMA) standards [9].  Acrylic 200×200×20 mm and 200×200×100 
mm blocks were used as scatterers which completely encompassed the UFOV.   

The line source was placed at 20 and 100 mm distant from the collimator’s surface when images 
were taken without a scatterer.  The line source sandwiched between two scattering blocks was 
placed on the collimator’s surface when images were taken with the scatterer.  

For the IP systems, the line source was placed both parallel and perpendicular in relation to the scan 
direction of the laser beam used for the readout of the image.  For the gamma camera, the line source 
was placed along the long side (X axis) and the short side (Y axis) of the detector.   

A rectangular region of interest (ROI) was superimposed on the smoothed image so that the long 
side of the ROI crossed the line source image.  Full width at half maximums (FWHMs) and full 
width at tenth maximums (FWTMs) of the source images were determined by using the ROI in 
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accordance with the procedure required by NEMA standards.  Measurements were repeated ten times 
by superimposing the ROI on different areas of the line source image.  The system performance of 
the IP systems with P-GCIP probes was compared with that of the gamma camera with the LEHR 
collimator.  

  
2.4.2 System sensitivity  
 

The system sensitivity of the IP systems and the gamma cameras is represented by using a PSL 
value-activity conversion coefficient (Cc) and a counting efficiency (Ec), respectively [10].  The Cc  

was calculated by dividing the count rate in PSL sec－1 by the loaded activity in Bq.  The Ec of the 
gamma camera was calculated by dividing the count rate per second (cps) by the loaded activity in Bq.   

The Cc can not be compared with the Ec, because the concept differs from one another [10].  
Therefore, the sensitivity was compared by using lower detection limits (LDL).  

Normal thyroid uptake 30 min after administration is 3% [3].  The criterion of accuracy for uptake 
measurements was established in order to detect 1% uptake after 30 min within an uncertainty of 
±10%.  99mTc activity meeting this criterion was designated as LDL.  Uncertainty of each 
measurement (coefficient of variation (CV)) was represented by the percentage of the standard 
deviation (σ) of each measured value to the mean value of five measurements.  Two energy windows 
of 20 and 100% were set on an energy spectrum of the gamma camera.   The gamma camera with a 
100% window was referred to a 100% camera, and that with a 20 % window a 20% camera.  
 
3. Results 
 
3.1 Thyroid images  
 

Figure 2a shows the 20 mL thyroid images taken with the M9-GCIP systems and the 20% camera 
for 10 min.  The loaded activities for the M9-GCIP systems and the gamma camera were 1.85 and 
1.45 MBq, respectively.  The shape of the thyroid was clearly displayed in all images.  Images taken 
with the M9-GCIP systems and gamma camera displayed roughly the same features.  Time required 
to merge 9 images were less than 1 min.   

Figure 2b shows how the ROI-BG and ROI-1 were superimposed on the thyroid image obtained 
with the M1-GCIP system when the loaded activity was 1.85 MBq and exposure time was 10 min.  

 
Figure 2: Thyroid phantom image  

 
 
 
 
 
 
 
 
 

 
                       a                                      b 

 
a. Thyroid phantom images taken with the M9-GCIP system and a gamma camera. 
    Gamma Camera equipped with Low Energy High Resolution (LEHR) collimator set 

energy window 20%.  Irradiation time: 10min 
 
b. Region of interest (ROI-1) superimposed on a raw thyroid image 

Thyroid volume: 20 mL; 99mTc activity: 1.85 MBq; prethyroid tissue thickness; 4.7 mm, 
and exposure time; 10 min.  
 
 

1.85 MBq 1.45MBq

System:   M9 - GCIP                     Gamma camera

IPIP

70 mm ROI-1

ROI-BG

M1-GCIP system

70 mm 



 

5 

3.2 Resolution 
 

FWHM and FWTM of the 100% camera at a distance of 10 cm were 10 to 50% and 10-70% 
inferior to those of the 20% camera.  Hereafter, only the 20% camera was referred to a gamma 
camera in order to compare the performance with the IP systems. 

Figure 3 shows dependency of relative spatial resolution of the IP system to the gamma camera on 
the number of IP.  

Figure 3a shows relative FWHM resolution with and without a scatterer at 10 cm.  Relative 
FWHMs of the GCIP systems with and without a scatterer were smaller than the gamma camera 
regardless of the number of IP.  FWHM resolution of the GCIP systems was superior to the gamma 
camera.  Relative FWHMs of the GCIP systems with a scatterer were smaller than those without a 
scatterer.  The relative FWTM resolution without a scatterer at 10 cm showed the tendency similar to 
FWHMs, while the FWHM resolution with scatterer showed abnormally high values.  
 
Figure 3: Relative resolution (FWHM) at 10cm 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
3.3 Sensitivity    
 

Figure 4 shows the relationship between thyroid activity and counting rates of the GCIP systems.  
The counting rates linearly increased as the activity increased.  The counting rate increased when the 
number of IP increased.  

 
Figure 4: Relationship between thyroid activity and the counting rate of GCIP systems 
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Figure 5 shows the relationships between the thyroid activities and the conversion coefficients (Ccs) 
of the GCIP systems.  The shaded area shows a region where the CVs were within ±5% of Ccs.  The 
Cc of the M9-GCIP system was estimated at 3.1±0.13×10-6 PSL·sec-1·Bq-1.  The coefficient of 
variation (CV) was less than 10% in an activity range larger than 0.41 MBq as shown by an arrow.  
The CV increased rapidly beyond 5% in an activity range less than 0.41 MBq.  The lower detection 
limit (LDL) of the M9-GCIP system was determined to be 0.41 MBq.  

 
Figure 5: Relationship between activities of thyroid and PSL value-activity conversion coefficients 

(Cc) of M9-GCIP  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
         Shaded area shows a region where CVs was less than 10%. 

 
 

Figure 6 shows the Ccs of the GCIP IP systems.  The sensitivity of the IP system increased linearly 
when the number of IP increased.   

 
Figure 6: Relationship between PSL value-activity conversion coefficients (Cc) and the 

number of IPs 
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Table 1 compares the Ccs of the IP systems.  Ratio 1 shows the relative sensitivity of the multiple 
IP systems to the single IP system.  The sensitivity of the GCIP systems increased from 1 to 8 times 
as the number of IP increased.  However, the increasing rate gradually decreased with increasing the 
number of IP.   

 
Table 1: Comparison of Conversion coefficients of IP systems 

 
System Ratio 1a

M9-GCIP 8.0
M8-GCIP 7.0
M7-GCIP 6.3
M6-GCIP 5.5
M5-GCIP 4.5
M4-GCIP 3.8
M3-GCIP 2.8
M2-GCIP 2.0
M1-GCIP 1.0

 
                          a Ratio of CCs of M9-GCIP – M2-GCIP systems to M1-GCIP 

 
Table 2 compares the lower detection limits of the four IP systems and the camera.  The LDLs of 

the M9-GCIP system and the camera were 0.41 and 0.40 MBq, respectively.  The LDLs of the 
M9-GCIP system was approximately equal to that of the camera.  The sensitivity of the M9-GCIP 
system was equal to the camera.   

 
Table 2: Comparison of lower detection limits 

System Ratio a

IP system M6-GCIP 0.61 1.5

M9-GCIP 0.41 1.0

Gamma camerab 0.40 1.0

Lower detection limit　(MBq)

 
a Ratio of the lower detection limits of IP systems to Gamma camera. 
b Gamma Camera mounted Low Energy High Resolution (LEHR) collimator with energy window 

20% 
 
4. Discussion 
 

Generally, the system performance of imaging systems is evaluated by using both resolution and 
sensitivity (lower detection limit: LDL).  The sensitivity of the M9-GCIP system was equal to the 
gamma camera as shown in table 2.  The resolution of the GCIP systems was superior to the gamma 
camera as shown in Fig.3.  The M9-GCIP system can give thyroid 99mTc images equivalent to or 
superior to those obtained with the gamma camera.  This means that a system using multiple imaging 
plates was developed for taking static thyroid 99mTc images having sensitivity and resolution 
comparable to a 20% window gamma camera. 

The dotted line of the GCIP system in Fig.6 indicates that LDL of a GCIP system using 16 IPs may 
be lower than the LDL of the gamma camera.  Furthermore, it is expected that the FWHM resolution 
of the GCIP system using 16 IPs will be superior to that of the gamma camera based on the evidence 
that the FWHM resolution of the GCIP system was approximately constant regardless of the number 
of IP as shown in Fig.3.  This inference supports the applicability of the GCIP system using 16 IPs as 
a high resolution and high sensitivity device to taking static 99mTc thyroid images from another point 
of view.  



 

8 

The sensitivity may be increased to that of the gamma camera by using over 16 IPs described in the 
preceding paragraph.  Thereby, the systems can be applied for imaging various organs lying in 
deeper regions than the thyroid.  However, the performance of IP systems must be thoroughly 
investigated for combinations of various collimators and the number of IPs in order to select an 
optimum IP system for imaging all organs.   

IPs having any size and shape required to specific imaging can be trimmed from the commercially 
available IPs.  Collimators corresponding to the size and shape of the IPs can be fabricated.  
Specially designed IP probes consisting of IPs, a collimator, and a shielding box are always used 
separately from an image analyzer, and carried to anywhere.  The 99mTc imaging can be conducted by 
carrying the special IP probes to the bedside in a sickroom and/or in a patient’s home.  Therefore, IP 
systems can be applied clinically as mobile static imaging systems.   

 
5. Conclusion 
 

A system for taking static thyroid 99mTc images was devised by using multiple imaging plates (IPs) 
and a high resolution collimator.  The sensitivity and resolution of a system using 9 IPs and the 
collimator were equivalent to the gamma camera for taking static 99mTc thyroid images.  The 
sensitivity of the IP systems was increased in proportion to the number of IPs.  The FWHM 
resolution of the IP systems with the same collimator agreed with each other within an uncertainty.  
The IP systems using multiple IPs may be applied for imaging all organs.  
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