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Abstract The radionuclide activity and the fraction of injected activity in the kidneys have been measured 

experimentally using Scintillation Camera Planar Imaging Techniques by using formula derived from the 

formalism of the Medical Internal Radiation Dosimetry committee, practical data collected from Radiation and 

Isotope Center of Khartoum, Nuclear Medicine and Oncology Center, Shendi University, Department of 

Nuclear Medicine National Cancer Institute, University of Gazira Wad Medani, Department of Nuclear 

Medicine, Royal care International Hospital, Al-Nilain Diagnostic Center- Khartoum, which covers all 

Sudanese region, using MedisoInterViewXP® software. The aim of the study is to make a relationship between 

radionuclide activity in kidneys and the body mass index during bone scan among Sudanese patients. The 

sample of study were randomly selected from available data in sites, it contains 148 patients referred to Gamma 

Camera Unit, undergoing of bone scan 3 h after injection of average activity of 20.1 mCi Tc���  

methylenediphosphonate (MDP). The radionuclide activity for the kidneys was found in bone scan (0.07 mCi). 

The study also found that (1.45%) of the injected dose remained in the kidneys three hours post injection, which 

reflects that low radiation dose was received by the kidneys during bone scan using 99mTc-MDP. The body 

mass index (BMI) was calculated for each patient, and then a graph between kidneys radionuclide activity and 

the (BMI) was made by using Windows Microsoft Excel program, and the equation of the relationship was 

made. The radionuclide activity of kidneys decreases by 0.001percent/ kg/ �� of body mass index BMI, start at 

0.08 (mCi). The fraction of radionuclide activity of kidneys decreases by 0.001percent/ kg/ �� of body mass 

index BMI, start at 1.7 %, and that radionuclide activity and fraction radionuclide activity in kidneys is decrease 

with patient body mass index (BMI) increase. 

Keywords Gamma Camera, Nuclear medicine, internal dosimetry, radiopharmaceuticals 

Introduction  

Radiopharmaceuticals used in diagnostic and therapeutic nuclear medicine are generally delivered to the patient 

via intravenous injection. Because the kidneys serve as the major excretory organ of the body where toxins, 

metabolic wastes, and excess ions are removed from the bloodstream, radioactivity uptake and local tissue 

irradiation will consistently be observed in this organ. Other organs, such as the liver or the spleen, concentrate 
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radioactive materials fairly uniformly at the macroscopic level. However, because of its unique physiology, the 

kidneys are seen to concentrate radioactivity nonuniformly [1-3]. For materials that are readily filtered by the 

kidneys, radioactivity is initially concentrated within the renal cortex, followed by sequential concentration in 

the outer medulla, inner medulla, papillae, and renal pelvis. After absorption of water in the inner medulla, 

radioactivity is intensely concentrated within the papillary ends of the medullary pyramids. Other substances, 

however, may bind to the tissues of the renal tubules, and, thus, persistent concentrations of radioactivity can be 

seen in the renal cortex. [4] Kidney dosimetry is typically conducted using single-region models that require the 

assumption of a uniform activity concentration and permit only the estimate of the mean absorbed dose to the 

organ [5] 

A bone Scan or scintigraphy is a nuclear medicine test to find certain abnormalities in bone; it is primarily used 

to help diagnose a number of conditions relating to bones [6]  

The role of internal dosimetry in diagnostic nuclear medicine is thus to provide the basis for stochastic risk 

quantification. Once this risk is quantified, it may be used to optimize the amount of administered activity in 

order to maximize image quality while minimizing patient risk. This optimization is considered, and always 

evaluated for any imaging procedure [7] 

The WHO has confirmed that the body mass index (BMI) is a reliable and convenient way of assessing the 

relationship between an adult’s body mass and height [8]. 

Body mass index (BMI) is a universally used unit of measurement expressed as kg /m�. It is therefore calculated 

by dividing an individual’s mass in kilograms by the square of their height in meters [9] 

In 1993, the WHO assembled an Expert Consultation Group with a charge of developing uniform categories of 

the BMI [10]. Four categories were established: underweight, normal, overweight, and obese. An individual 

would be considered to be underweight if his/her BMI was in the range of 15 to 19.9, normal weight if the BMI 

was 20 to 24.9, overweight if the BMI was 25 to 29.9, and obese if it was 30 to 35 or greater [11]. The sample of 

patients was classified on the four (BMI) categories underweight, normal, overweight, and obese. 

The main objective of this study is to show the relationship between the radionuclide activity, the fraction of 

injected activity in the kidney and body mass index (BMI) during the Nuclear Medicine scans specifically bone 

scan among Sudanese patients, using Scintillation Camera Planar Imaging Techniques to measure radionuclide 

activity in the kidneys. Most scintillation camera systems used in clinical nuclear medicine are computer-based 

and provide software for generation of ROIs and statistical analysis [12], and calculate the body mass index 

(BMI) from biodata of the sample, then obtain the relationship by using Windows Microsoft Excel program. 

 

Materials and Methods 

The data of this study was collected from the five main centers of Nuclear Medicine in Sudan: Radiation and 

Isotope Center of Khartoum, Nuclear Medicine and Oncology Center, Shendi University, Department Of 

Nuclear Medicine National Cancer Institute, University of Gazira Wad Medani, Department Of Nuclear 

Medicine, Royal care International Hospital, Al-Nilain Diagnostic Center- Khartoum, which covers all 

Sudanese regions, The sample of study were randomly selected from available data in sites, it contain 148 

patients, undergoing of bone scan, 3 hrs post injection of average activity of 20.1 mCi of Tc��� −
 methylenediphosphonate (MDP).  Single photon emission computed tomography (SPECT) system (Mediso 

manufacture) was used for performing bone scans on patients as employed in studies, the data was obtain by 

using Scintillation Camera Planar Imaging Techniques, and calculated radionuclide activity for the kidneys by 

using formula derived from the formalism of the Medical Internal Radiation Dosimetry committee (MIRD), the 

biodata for patients was obtained include the weight and height of patients,  Quantitative analyses were 

performed  on images acquired by drawing region of interests (ROIs) by the system's software application 

Mediso / Medical Imaging systems –InterView XP, for the kidneys, also for whole body, anterior and posterior,  

and tabulating counts of radionuclide activity, the average counts were calculated from the conjugate view 

counting  by using geometric mean count equation : GMC = 
I� X I�   where I� and I� are the anterior and 
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posterior counts respectively, then the count of right Kidney and left kidney were calculated and the average 

kidney count was obtained,  the fraction of counts in kidneys was calculated from whole body count, and then 

the radionuclide activity in kidneys was estimated by looking for an average of injected dose with the whole 

body counts and compare the fraction of activity in kidneys with that ratio, and the counts were converted  into 

radionuclide activity (mCi) [13]. Also the body mass index (BMI) was calculated for each patient by dividing an 

individual’s mass in kilograms by the square of their height in meters, then a graphs between radionuclide 

activities and fraction radionuclide activities in kidneys and the (BMI) were made by using Windows Microsoft 

Excel program, and the equation of the relation were made. Also the sample of patients was classified on the 

four (BMI) categories: underweight, normal, overweight, and obese. 

 

Figure 1: Biokinetic Model for ( ����� ) MDP for Bone scan [14] 

Compartment 1 represents blood and extracellular fluid (ECF); compartment 2, bone; compartment 3, kidneys; 

and compartment 4, urine.  

 

Results and Discussion 

Radionuclide activity in kidneys  

The study found that the experimental measured radionuclide activity in kidneys in bone scan for 148 patients 3 

hrs post injection average of activity 20.1 mCi of Tc���  MDP was (0.07 mCi). The study also found that (1.45 

%) of the injected dose remained in the kidneys in bone scan, which reflects that low radiation dose was 

received by the kidneys and bladder during bone scan using 99mTc-MDP.  

The sample of patients was classified on the four (BMI) categories as: 

underweight normal overweight obese 

17% 32% 26% 25% 

This reflected that the sample of the study contains all four (BMI) categories. 

Relationship between kidneys radionuclide activity and the (BMI)  

The graph contains the radionuclide activity in kidneys (mCi) in Y -axis and the (BMI) (kg /m�) in X -axis is: 
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Relationship between fraction of kidneys radionuclide activity and the (BMI)  

The graph contains the fraction of radionuclide activity in kidneys (mCi) in Y -axis and the (BMI) (kg /m�) in 

X -axis is 

 
 

Conclusions 

The results of the study showed that the radionuclide activity of kidneys decreases by 0.001percent/ kg/ �� of 

body mass index BMI, start at 0.08 (mCi).   

The fraction of radionuclide activity of kidneys decreases by 0.001 percent/ kg/ �� of body mass index BMI, 

start at 1.7 %, and that radionuclide activity and fraction radionuclide activity in kidneys are decrease with 

patient body mass index (BMI) increase. 
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