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ABSTRACT 
 

 

Background 

Salivary gland scintigraphy gives functional information on 

irradiated glands. Upon irradiation, their size may become 

less than 2–3 times the resolution of the gamma camera 

hence underestimation of the regional distribution of 

administered activity due to partial volume effects (PVEs) 

which hinder accurate quantification of their function.  

 

Aim 

To accurately quantify planar images of spheres mimicking 

irradiated parotid and submandibular glands with view of 

implementing salivary gland scintigraphy that involves 

quantification of PVEs. 

 

Methods 

A hollow head and neck phantom was fitted with spheres 

(diameters: 20mm; 14mm; 12mm and 10mm) filled with 

technetium-99m solution of activity concentration of 

300kBq/mL. The spheres mimicked irradiated parotid glands 

(right (RP) and left (LP)) and submandibular glands (right 

(RSM) and left (LSM)) respectively. The phantom was filled 

with technetium-99m solution of activity concentration 

144kBq/mL.
1
 A planar image was acquired in 5 minutes using 

Siemens E-Cam dual head gamma camera detector 

positioned 5cm vertically above the phantom, on 128×128 

matrix size following a thyroid protocol. The detector was 

fitted with low energy high resolution collimators. ImageJ 

software was used for quantification.  

 

Results 

The image counts post PVEs quantification were: 

LP=252,213; LP=160,870; RSM=149,072; LSM=68,244. The 

percentage quantification errors were: 44 per cent, 48 per 

cent, 51 per cent and 75 per cent for the LP, RP, RSM and 

LSM glands respectively. 

 

Conclusion 

ImageJ software improved quantitative accuracy of sphere 

images hence it provides a robust quantification tool for 

irradiated salivary glands.  

 

Key Words 

Salivary gland scintigraphy, quantification, partial volume 

effects  

 

What this study adds:  

1. What is known about this subject?  

Activity counts or image counts extracted from images of the 

major pairs of the salivary glands equate to their function.  

  

2. What new information is offered in this study? 

Salivary gland scintigraphy can be perfected through 

quantification of PVEs using ImageJ software. Ability to 

quantify PVEs leads to accurate measurement of the 

function of the salivary glands.  

 

3. What are the implications for research, policy, or 

practice?  

Accurate measurement of the function of the diseased or 

irradiated salivary glands can be achieved through 
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quantification of PVEs using ImageJ software which is licence 

free.  

 

Background 

Salivary gland imaging plays a significant role in investigating 

and evaluating the function of diseased salivary glands,
1,2

 

and irradiated salivary glands.
3-6

 Among the common 

diseases that affect salivary gland function is Sjo¨gren’s 

syndrome (SS). The common clinical symptom of SS and 

other anomalies affecting salivary glands is usually 

xerostomia.
3 

Xerostomia has been known to result in sticky 

saliva and nutritional problems.
3-6

 Salivary gland scintigraphy 

(SGS) offers a non-invasive tool for measuring xerostomia.
2-6

 

 

Xerostomia has also been found to be prevalent in other 

clinical situations such as radiation therapy of head and neck 

tumours and radioiodine treatment of thyroid cancer.
3,7,8 

During therapy of the head and the neck tumours, the 

parotid glands are affected most because the tumour and 

lymph nodes are usually found in close proximity to the 

glands.
3,4 

Administration of ionizing radiation in the head and 

neck regions is associated with acute side effects related to 

the salivary glands, oral mucosa, mandible and skin.
9,10 

However, the loss of salivary glands function is not life 

threatening.
3,6 

 

 

Salivary glands toxicity and accompanying side effects 

following irradiation degrade the quality of life of patients 

treated for head and neck tumours. In addition to 

xerostomia, patients treated for head and neck tumours 

suffer from speech problems, oral infections and dental 

curies.
10-15 

In order to improve the quality of life of people 

previously treated for head and neck tumours, clinicians and 

researchers need detailed knowledge about the side effects 

of radiation therapy. This information is acquired through 

imaging of salivary glands during the course of therapy or 

post-therapy. Salivary gland scintigraphy is one of the 

techniques used to evaluate functional information needed 

for implementation of effective patient management 

schemes. 

 

 One of the main advantages of salivary gland scintigraphy 

(SGS),
9-11

 over other imaging modalities (Magnetic 

Resonance Imaging (MRI), Computed Tomography (CT), 

Ultrasound (US), Sialography, Magnetic Resonance 

Sialography (MR-Sialography)
11-15 

is that it has the ability to 

offer functional information compared to structural and 

anatomical information derived from the modalities 

mentioned above. Currently, SGS is used at qualitative and 

semi-quantitative levels to evaluate salivary gland function 

as well as to examine parenchymal impairment.
2-8

  

 

The qualitative techniques rely on activity uptake by 

individual glands pre and post-therapy which are used to 

draw activity-time graphs for each individual gland. The 

function is then inferred from the activity-time graphs.
2,6

 The 

semi-quantitative methods are based on activity uptake and 

washout fraction. The uptake rate of the activity 

(radiotracer) by individual gland is expressed as count rate 

per second (cps/s). The latter are obtained from regions of 

interests drawn on dynamic images of individual parotid and 

submandibular glands.
2,6,16

 However, both qualitative and 

semi-quantitative methods despite their ability to offer 

functional information lack accuracy due to underestimation 

of the regional distribution of activity in the glands caused 

by the limited spatial resolution of the gamma camera 

imaging system. 

 

 Salivary glands upon irradiation loss acinar cells,
10

 their size 

shrinks resulting in their diameters approximating 2-3 times 

the resolution of the gamma camera. They therefore 

become prone to PVEs hence quantitative errors in salivary 

gland scintigraphy.  

 

The PVEs may manifest either as spill-out effects or spill-in 

effects. The spill-out effects are a result of “loss” of activity 

from the organ of interest into the background resulting in 

underestimation of the regional distribution of organ 

activity. The spill-in effects occur when activity from the 

neighbouring structure or background blurs into organ of 

interest leading to overestimation of the detected nuclear 

medicine signal.
1,17-19

  

 

Both effects, the spill-out and spill-in occur simultaneously in 

a radioactive background resulting in cancellation of some 

spill-out and spill-in activity counts thereby reducing 

quantitative errors associated with PVEs.
1,17-19

 However, in 

the absence of a radioactive background only the spill-out 

effects occur.
1 

 

 

In quantitative SPECT studies, PVEs have been found to 

cause shape distortions that are dependent on activity 

distribution in the targeted structures as well as in the 

surrounding structures.
18,19

 According to Rousset et al.,
18

 

PVEs may change both the magnitude and shape of the 

time-activity curves introducing an error of 50 per cent in 

the estimated count rates per second for metabolism and 

transfer of activity between compartments of the human 

brain. Similarly, we would expect the shapes of the 

individual submandibular and parotid glands’ activity-time 

curves used to infer function to be besieged by errors of the 
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same magnitude or slightly less thus rendering functional 

information deduced from curves inaccurate. In order to 

achieve accuracy, technetium-99m activity counts spread 

due to PVEs should be quantified before generating the 

activity-time curves for each individual gland that are used 

to infer on their function. 

 

In order to achieve accurate quantitative results in 

tomographic imaging, it has since been agreed in principle 

that the limitations associated with the PVEs that need to be 

resolved.
17,19-27

 Many techniques for PVEs correction have 

since been proposed.
19,22-24,27

 Ritt et al.,
28

 divided the PVEs 

correction techniques into two groups. The first group 

requires additional anatomical information on imaged 

structures in order to effect PVEs correction. Anatomical 

information may be acquired using either CT or MRI 

modality. The second group relies solely on emission images 

and encompasses post re-construction approach. Nyathi et 

al.,
29

 latter proposed use of ImageJ software, a licence 

software for PVEs quantification. However, the technique 

requires the knowledge of the spatial resolution of the 

gamma camera. The technique relies on two regions of 

interest (ROIs). ROI 1 firmly touches the boundary of the 

image while ROI 2 extends from ROI 1 by the full width half 

maximum (FWHM) of the gamma camera. ROI 2 recovers 

image counts spread to the neighboring image pixels as a 

result of PVEs. Use of ImageJ is cost effective unlike use of 

CT or MRI which may not be available in economically 

strained departments.  

 

In salivary gland scintigraphy, quantitative accuracy is 

hindered by failure to account for the activity counts spread 

due to PVEs. In order to overcome this limitation, this study 

proposes quantification of PVEs in salivary gland 

scintigraphy. The aim of this study was to accurately quantify 

planar images of spheres mimicking irradiated parotid and 

submandibular glands with the view of implementing 

salivary gland scintigraphy that involves quantification of 

PVEs. 

 

Materials and Methods 
Phantom preparation 

A hollow head and neck phantom shown in Figure 1 was 

fitted with spheres (diameters: 20mm; 14mm; 12mm and 10 

mm) filled with technetium-99m solution of an activity 

concentration of 300kBq/mL. The spheres mimicked 

irradiated parotid glands (right (RP) and left (LP)) and 

submandibular glands (right (RSM) and left (LSM)) 

respectively. 
 

 

The following assumptions were made about the salivary 

glands:  

1. The volume of RP, the right parotid gland was bigger in 

comparison to the left parotid gland named as LP. The 

volume of RP was assumed to approximate to that of a 

healthy person with no radiation injuries. Under normal 

circumstances the two glands should have had the 

same size. However, due to radiation injury, the LP 

gland lost some of its acinar cells hence reduction in its 

volume.  

2. The volume of the RMS was assumed to be intact 

hence it was bigger than that of LSM which was 

assumed to have been severely injured during therapy. 

RSM resembled a healthy submandibular gland. 

 

The spheres (salivary glands) were firmly fixed inside the 

head and neck phantom using wax in positions of the parotid 

and submandibular glands in normal humans. The wax kept 

them in fixed positions throughout imaging. The head and 

neck phantom was filled with technetium-99m solution of an 

activity concentration of 144kBq/mL to provide background 

activity thus resembling a clinical scenario in which activity 

exists in the blood pool proving background radiation. This 

background activity was found to effectively reduce the 

impact of spill-out and spill-in effects as some activity counts 

associated with these two effects tended to cancel each 

other thus reducing quantification errors due to partial 

volume effects.
1
 Spill-in effects resulted in movement of the 

activity counts from the background technetium-99m 

solution filled into the head and neck phantom into the 

peripheral boundaries of the four glands resulting in 

overestimation of image counts. On the other hand spill-out 

effects resulted in movement of the activity counts from the 

individual glands to the background resulting in apparent 

loss of activity inside each individual gland. However, 

cancellation of activity counts attributed to the two effects 

resulted in reduction of the impact of PVEs. 

  

Imaging technique 

The head and neck phantom was imaged while placed on 

supine position on the imaging table using one detector of a 

Siemens E-Cam dual head gamma camera placed 5cm 

vertically above the phantom (Figure 1). A thyroid protocol 

was used. The detector was fitted with low energy high 

resolution (LEHR) collimators. The planar image was 

acquired on a matrix size of 128×128 pixels in a period that 

lasted 5 minutes.  

 

Image quantification 

Three duplicates of the planar image of the head and neck 

phantom were copied from the processing station into a 
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personal laptop installed with ImageJ software [version 

1.48a; Java 1.70_51 [64-bit]. All the three images were 

quantified using ROI 1 and ROI 2 inserted using the circular 

tool of ImageJ software following the method proposed by 

Nyathi et al.,
29

 (Figure 2). ROI 2 extended from the boundary 

of ROI 1 by the FWHM of the gamma camera (4.5mm), a 

value measured at a distance of 5cm from the point source.
1
 

Quantification was repeated three times on each gland and 

the mean value was calculated (Table 1).  

 

Results and Discussion 
Table 1 shows images counts extracted from the images of 

the RP, LP, RSM and LSM glands. The phantom image was 

duplicated to facilitate three measurements on each gland 

during quantification. Columns 2; 3 and 4 gives image counts 

of each individual gland obtained using ROI 1, these exclude 

image counts spread by the PVEs. Column 5 shows the mean 

measurement for each gland. 

  

Column 6; 7 and 8 show image counts extracted using ROI 2 

from each individual gland. These counts include image 

counts that were spread to the neighbouring pixels due to 

PVEs. The image counts presented in column 9 are the mean 

values for each gland extracted post PVEs quantification. 

Column 10 shows the actual image counts that were spread 

by the PVEs also referred to as “recovered image counts” in 

Table 1. These image counts were obtained by subtracting 

the mean value of ROI 1 from the mean values of ROI 2 for 

each gland. The recovered image counts were found 

substantial for each gland thus making PVEs quantification 

mandatory in quantitative planar imaging.  

 

The percentage error in Table 1 was calculated using the 

formula: 

 

100
cationquantififi PVEspost  extracted  Counts  Image

Counts  Image  Recovered
 Error  %   [1] 

 

Classification of the level of damage of the parotid and the 

submandibular glands 

The 252,213 image counts extracted from the RP 

corresponded to those that would have been extracted from 

an intact gland pre radiation therapy. In patient studies, it is 

recommended that the salivary glands be imaged pre and 

post therapy. The image counts registered pre therapy must 

be compared to those registered post therapies so as to 

differentiate between their function pre and post therapy. 

However, should absolute quantification be required then 

image counts should be converted to activity concentration. 

 

The sizes of the glands were varied in order to accommodate 

changes in size and function of the gland as a result of 

radiation injury. The lesser the measured counts the more 

damage on the particular gland. A total of 149,072 image 

counts were extracted from the RSM, this gland was 

assumed to be intact. It represented a RSM that has not 

been irradiated. These image counts saved as a baseline 

indicator of a non-irradiated submandibular gland. Image 

counts below this value suggest that damage has been 

inflicted by ionizing radiation during therapy.  

 

Interpretation of results 

The study results (Table 1) revealed the challenges of 

accurate quantification of the image counts from the images 

of the salivary glands post therapy. From the findings 

presented in column 8, it became apparently clear that PVEs 

indeed hinder accurate quantification. The presence of PVEs 

is attributed to the limited spatial resolution of the gamma 

camera that caused the image counts to spread out. At first 

attempt, the quantification procedure failed to recover the 

image counts that were spread out (Table 1, column 5). The 

spread of these imaged counts was due to apparent loss of 

technetium-99m activity counts from the RP, LP, LSM and 

RSM. However, use of ImageJ facilitated recovery of the 

“lost” image counts and ultimate accurate quantification of 

images of the individual glands (Table 1, column 9).  

  

A comparison of image counts corresponding to each 

individual gland pre and post PVEs quantification showed a 

huge difference. The images counts pre quantification of 

PVEs corresponding to the RP, LP, RSM and LSM were: 

141,573; 89,995; 73,900 and 17,007 respectively compared 

to 252,213; 160,870; 149,072 and 68,244 respectively post 

PVEs for the same glands. These values may have been 

overestimated due the presence of a radioactive background 

However, this was ignored because a study by Nyathi,
1
 

established that the spill-in effects and the spill-out effects 

cancel each other when a background of 144kBq/mL was 

used when the structures were filled with technetium-99 

solution of activity concentration of 300kBq/mL. 

 

From the study, it was also found that the quantification 

error increased with decrease in the size of the gland. The 

smallest LSM gland registered a quantification error of 75 

per cent compared to of 44 per cent for the largest RP gland. 

The margin of the quantification errors established in this 

study lead to a conclusion that quantification of PVEs should 

be prioritised during quantitative evaluation of the parotid 

and submandibular glands post radiation therapy. 

Quantification of PVEs was found to be worsened by the 

dramatic decrease in the sphere size. The salivary glands 
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lose acinar cells as a result of radiation injury hence 

reduction in volume. The reduction in size makes them 

susceptible to PVEs by virtue of their size in comparison to 

the dimensions of the resolution of the gamma camera.  

 

From Table 1, it was also observed that the percentage 

quantification error for the glands (RP, LP, RSM and LSM) 

were 44 per cent, 48 per cent, 51 per cent and 75 per cent 

respectively. However, use of ImageJ software facilitated 

accurate quantification of the salivary glands. The function 

of each individual gland was therefore inferred from its 

image counts. The lesser the image counts registered, the 

more damage was inflicted during therapy. The 

quantification based on image counts is relative. In clinical 

studies it would be helpful if absolute quantification is 

calculated. In that case it would be important to measure 

the gamma camera sensitivity which is required when 

converting image counts into activity concentration.  

 

Conclusion 
SGS is a reproducible, sensitive tool for monitoring salivary 

gland dysfunction due diseases and radiation injury. 

However, PVEs quantification remains as a pre-requisite for 

accurate quantification of image counts. The function is 

equated image counts. 
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Figure 1: Head and neck torso placed on a supine position 

on the imaging table below the detector head #1 of a 

Siemens E-Cam dual head gamma camera 

 

 
 

Figure 2: ROI 1 and ROI 2 drawn on individual parotid and 

the submandibular glands 
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Table 1: Image counts extracted from parotid and submandibular glands before and after PVEs quantification 

 

 

Name of 

Salivary 

gland 

ROI 1 

Image counts before PVEs quantification 

ROI 2 

Image counts after PVEs quantification 

Recovered image 

counts 

Quantification 

Error 

Level of radiation damage 

Measurements Measurements Measurements % Grade 

1 2 3 
 

1 2 3 
  

% Error Intact/Moderate/Severe 

RP 142,000 142,445 141,145 141,l573 251,950 252,690 252,000 252,213 110,640 44 Intact 

LP 84,000 84,259 83,990 83,995 160,690 160,836 161,050 160,870 76,875 48 Moderate 

RSM 73,780 73,820 74,100 73,900 148,900 149,315 149,000 149,072 75,172 50 Intact 

LSM 17,000 17,041 16,980 17,007 68,340 68,292 68,100 68,244 51,237 75 Severe 


1 ROI


2 ROI

-
1 ROI -  

-
2 ROI


