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Introduction 

     The activity distribution of beta-emitting radionuclides in the human body and the 

respective therapeutic dose distribution in the target and the unwanted leakage in the other 

organs was determined by measurement of corresponding gamma-lines. The measurement 

was done by scanning in a whole-body counter in the General Hospital Vienna. It is possible 

to localize activity and dose distribution by means of the detected activity profiles of the four 

detectors. 

     Two typical treatments are reported: the treatment of synovitis using radiation of 166Ho-

Ferric-Hydroxide (characteristic gamma-line: 81 keV) and radionuclide therapy focused at the 

palliative treatment of bone metastases with 153Sm-EDTMP, a bone seeking beta-emitting 

radionuclide (characteristic gamma-line: 103 keV). 

 

Materials and Method 

The clinical whole-body counter 

     Whole-body counters are devices for the identification and measurement of small 

quantities of gamma-emitting radionuclides and their distribution in the human body. The 

Department of Nuclear Medicine of the General Hospital Vienna is equipped with a clinical 

whole-body counter, which was constructed by the Austrian Research Center in Seibersdorf. 



This device consists of four 6“ x 4“ NaI(Tl) crystals, which are mounted in fixed positions: 

two stationary detectors above the couch and two below. The shadow shield is made of 

specially selected low background lead (length: 170 cm, thickness: 10 cm), which results in a 

total mass of 8500 kg. It is connected to a motor-driven, dead time corrected computer 

controlled scanning system during counting. During the measurements the computer-

operated, variable-speed motor drives the couch for a preset scan time and scan length along 

an axis parallel to the longitudinal axis of the subject from the home-position through the 

measuring range to the end-position. The scan time was selected to 1000 s. The clinical 

whole-body counter is characterized by outstanding scan qualities due to precise adjustable 

slit collimators. Collimators can be adjusted between 0 mm and 300 mm in front of the 

detectors. Therefore this instrument is especially used for metabolic studies with patients, for 

research applications like the localization of small activities in the human body and for studies 

of the behaviour of radiopharmaceuticals, as well as for routine measurements. 

Therapy 

        A commonly used agent for the treatment of persistent synovitis is 166Ho-FH 

(characteristics see table 1). The activity of 1 GBq is administered in the knee. The emission 

of gammaradiation with an energy of 81 keV is used to monitor the kinetic distribution of 
166Ho by performing activity profiles with the whole-body counter on 1, 3 and 7 days after 

therapy .  

        Radionuclide therapy using 153Sm-EDTMP is recommended as an agent for the treatment 

of disseminated bone metastases. Clinical results suggest an overall response rate of 78% for 

this treatment. The administered activity is in the order of 1 GBq, and is limited by the 

tolerance dose of the red marrow. The rather high yield of the 103 keV gamma rays can be 

used for retention measurements with the whole-body counter for determining the uptake of 
153Sm-EDTMP in bone. 

    Table 1: Characteristics of the used radionuclides (166Ho and 153Sm) 

 166Ho 153Sm 

Half-life [h] 26.9 46.25 

Max. beta energy [MeV] 1.9 0.81 

    Soft tissue penetration [mm]   

Max. 8.7 2.6 

Mean 2.1 0.5 

Gamma Energy [keV] 81 103 



Resultsts and Discussion 
166Ho-FH treatment: Patients were scanned 3h and 24h after intra-articular injection of 166Ho-

FH (Fig.1) with a gamma camera and 1d, 3d, and 7d after injection with the clinical whole-

body counter in profilescan mode adjusted to the 81 keV gammaline of 166Ho (Fig. 2). 

Leakage of 166Ho could be measured in about twenty percent of the patients. Activity could be 

localised in lymph nodes which constitutes the only relevant exposure. Leakage was less than 

1% of total activity applied. The determination of the energy dose in non-target organs was 

calculated to less than 1 Gy by the MIRDOSE 3 software [1]. The measurements on the 

clinical whole-body counter lead us to the assuption, that the leakage of 166Ho-FH out of the 

joint is inconsiderable. Further on this scanning device can be properly used for the 

localization of small areas of activities within the whole body of the patient. 

 

                                             
Fig. 1: Gamma picture of a patient with        Fig. 2: Profilscans of a patient with a leakage 

                a leakage 1day after injection.                       1, 3 and 7 days after injection. 

 



153Sm-EDTMP treatment: Activity of 153Sm-EDTMP in bone was determined three weeks 

after injection with the whole-body counter. Skeletal uptake of this radiopharmaceutical was 

about 48,2% ± 8,1%. The reason for the wide range for the uptake in the skeleton is not 

sufficiently explainable. A correlation between the percentage of 153Sm-EDTMP retention and 

responses to treatment could not be found. However, 153Sm-EDTMP seems to be a very 

promising approach for palliative treatment of pain caused by multiple bone metastases which 

was refractory to common therapeutic strategies. 

        Measurements show gammalines which do not correspond to 153Sm but to 152Eu and 
154Eu. These radionuclide impurities are long-lived (half-life period 13.5 y and 8.6 y) and 

were produced by neutron activation together with 153Sm [2]. 152Eu-EDTMP and 154Eu-

EDTMP show the same metabolism as 153Sm-EDTMP and it accumulates in bone after each 

treatment. Activities of both Eu-radionuclides in bone are in the order of 10 kBq after one 

single treatment, but the radioactive impurities are low enough to account for palliative 

treatment. 

 

Conclusion 

        For the determination of the applied dose, the leakage and the quality assurance 
spectroscopic data of a clinical whole-body counter can be a useful tool for controlling and 
monitoring in health care. 
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