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Abstract 
The current research aims to assess the staff and patients’ effective doses dur-
ing Nuclear medicine (NM) bone scans procedures. The administered activity 
was utilized to quantify the patients’ effective doses, while personnel’s effec-
tive doses were quantified using thermoluminescent detectors (TLD-100). The 
average administered activity was 650 (440 to 1440) MBq procedures using 
SPECT gamma camera system. The average annual staff effective dose (mSv) 
was estimated to be 2.3 (0.1 to 4.9). The typical patient’s effective dose was 4.9 
(3.6 to 6.0) mSv per procedure. Staff exposure within the yearly effective dose 
limits. Patients’ exposure optimization is required based on patient weight. Es-
timating staff eye lens doses is suggested to confirm that the yearly effective 
radiation doses are within the safety range. 
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1. Introduction 

Radioisotopes are used in nuclear medicine (NM) to diagnose conditions af-
fecting a patient’s particular organs, stage diseases, and tissues or to treat them 
simultaneously (theranostic). Radioisotope-based diagnostic methods are be-
coming commonplace [1]. As well as being employed in pre-clinical medicine, 
it is also used in basic sciences like biology and drug development. The yearly 
number of NM procedures exceeds 40.0 million, with 65% performed for on-
cology-related aspects, and the demand for radioisotopes is rising at a rate of up 
to 5% [2]. A radioactive amount is administered to the patient when utilizing ra-
diopharmaceuticals for diagnostic purposes, and the radioactivity in the organ 
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may then be analyzed as either a 2D or a 3D image. 99mTc, which is utilized in 
around 80% of all NM examinations, is the radionuclide that’s often used in 
medical imaging [2] [3]. The 99mTc, a synthetic element, has practically perfect 
properties for NM imaging. The reasonable half-life (t/2) = 6 hours, isomeric 
decay, and reasonable energy (140 keV) [1]. 

Scintigraphy, or bone imaging using radionuclides, is a diagnosing process uti-
lized to analyze bone disorders and malignant metastasis throughout the body to 
detect the spread of cancer, pathological disorders, or to measure how well a pa-
tient is responding to therapy. Of all the radioactive imaging techniques, a bone 
scan is one of the ones that is done the most frequently. Bone imaging with a ra-
dionuclide is a rapid, reasonably appraised diagnostic examination employed in 
assessing several pathologic diseases and is generally accessible in many imaging 
facilities. Although radiation is not evenly distributed globally, the number of 
diagnostic nuclear medicine exams yearly is rising [3] [4] [5]. For most NM 
examinations, the mean effective dose per NM examination ranges from 0.3 
to 20.0 mSv [6]-[13]. The development of the 99Mo/99mTc generating set and 
γ-camera in the 1950s allowed for the performance of bone scanning techniques 
by clinicians [14] (Stefanofic, 2001). The primary sources of the collective dose 
in diagnostic nuclear medicine procedures are the 99mTc bone scan, 201TL car-
diovascular investigations, and iodine thyroid scans [1]. 99mTc methylene di-
phosphonate (MDP) is the primary substance utilized for bone scanning. MDP 
flows in the bloodstream for two to three hours after intravenous (IV) adminis-
tration preceding entire body scanning [15]. Bone scintigraphy has a vital role in 
the diagnosis of calcaneus fractures (CF) [16]. The average effective dose per 
bone scan procedure, according to Ali et al., was 4.2 mSv [8] [9]. The researchers 
reported that the patient’s body weight had no bearing on the given activity. Due 
to the significant amount of given activity, patients were exposed to harmful 
radiation levels. The practice and patient safety must be improved by establish-
ing operational standards [9]. NM involves handling radioactive substances that 
can expose staff to radiation both internally and externally as a result of radio-
pharmaceutical elusions and preparation in specially protected laboratory (hot 
lab). The staff was also exposed to ionizing radiation for the period of adminis-
tering 99mTc to patients and after the scanning that poses radiogenic hazard for 
NM personnel [6] [7] [8] [9]. Therefore, depending on workload and procedure 
approach, areas of the body not covered with the leaded apron might be exposed 
to unavoidable exposure resulted from ionizing radiation sources. According to 
reports, staff members may receive a wide range of effective doses ranging from 
1.0 to 19.0 mSv yearly [8] [10] [17] [18]. The level of exposure is determined by 
the radionuclide, its activity, and the sort of job that the individual doses within 
the department [7]. The international commission on radiological protection 
(ICRP) has reduced the yearly dose limit for the lens of the eye for occupational 
exposures (ICRP, 2011) to 20.0 mSv from the previous value (150.0 mSv), thus it 
is critical to assess its influence on the current radiation protection and safety 
programs. Because open radiation sources are used in NM, radiation shielding is 

https://doi.org/10.4236/ojrad.2022.124016


E. H. Mattar 
 

 

DOI: 10.4236/ojrad.2022.124016 157 Open Journal of Radiology 
 

a problem. 
Additionally, UNSCEAR, encouraged member states to provide data regarding 

patients and staff exposure due to the lack of reported values [1]. Limited studies 
were reported regarding occupational exposure during nuclear medicine exami-
nation in Saudi Arabia [10] [17]. The prior investigations revealed significant do-
sage variability due to variations in scanning methodology, perception methods, 
and NM technologist expertise. This main objective of this research is to assess 
the effective doses that patients and staff received during bone scan scintigraphy 
examinations. 

2. Materials and Methods 

This study quantified patients and occupational exposure for 100 bone scan pro-
cedures and three NM technologists. Before the scan, individuals can be re-
quested to take off any jewelry, metal accessories, or other items from their bo-
dies. The patient is given a 5.0 mCi injection of 99mTc-methyl diphosphonate 
(MDP) into the vein three hours before data gathering is started. Patients are 
encouraged to stay hydrated and told to drink 0.5 to 1 liter of water between the 
time of the injection and the delayed imaging. After scanning, patients are in-
structed to limit their time in public to six hours. 

2.1. Radiopharmaceutical Administration  

The standard dose for patients undergoing whole-body bone scan procedures 
is five mCi. 99mTc is eluted for Mo/Tc generator in an evacuated sterile vile 
with known volumes of 5 or 9 ml, which are available. MDP pharmaceutical is 
mixed with the eluted 99mTc after measuring the dose using a multidose cali-
brator. The multidose vial is well sealed to prevent air from entering. Oxida-
tion can happen to 99mTc-MDP radiopharmaceuticals. The radiopharmaceut-
ical is tested for quality before being administered, and dosages are precisely 
determined. 

2.2. Imaging Protocol  

Photons are distributed evenly over the detector. The patient for this study 
was positioned in the center of the single-head gamma camera, lying above 
the couch. The data were acquired while the patient was in this position for 
15 minutes, followed by 15 minutes in the prone position, for the front and 
back scans of the skeletal system, at a scan speed of 17 cm per min, and 190 
cm scan length. 

2.3. Occupational Dosimetry  

During 100 bone scan exams, the occupational dose was quantified for three NM 
technologist. The NM exams were clinically indicated for bone metastases brought 
on by prostate and breast cancer. This investigation utilized 45 thermolumines-
cence dosimeters (TLD-100) (LiF: Mg, Ti). The TL signals were registered from 
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150˚C to 265˚C with a rate of heating 10˚C/s.  

3. Results and Discussion 

Skeletal scintigraphy or bone scan procedures are NM departments’ most com-
mon imaging procedures. Thus evaluation of the patient’s doses for the NM 
personnel is essential in evaluating the protection measures and the projected 
radiation risks. Table 1 shows the average and diversity of patients’ age (years), 
effective radiation dose (mSv), and administered radiopharmaceutical activity 
(MBq) per procedure. Whereas the average administered, activity was 750 (440 
to 1400) MBq The average administered activity is Previous studies reported the 
administered activity during bone imaging (MBq) of 99mTc-MDP routinely 
changes amid 740.0 to 1110.0, with scanning classically executed during two to 
five hours after intravenous administration of the radiopharmaceutical [8] [9]. 
The typical dose for a skeletal scanning determined by the amount of the injected 
radioactivity, radioactive element and the duration contact time with the patient. 
Figure 1 showed a comparison of patients’ doses during the bone scan with re-
search findings reported formerly [18] [19] [20]. The variation in patient dose 
was attributed to the variation in patient weight since the administered activity 
in all departments was based on the standard formula. The average annual staff 
effective dose was estimated to be 2.3 mSv, ranging from 0.1 to 4.9 mSv. NM 
technicians received external doses mostly from radioactive patients rather than 
from making and injecting radiopharmaceuticals [21]. According to the Interna-
tional Atomic Energy Agency (IAEA), exposed personnel in NM facilities should 
get an average yearly effective dose (mSv) between three to five and 5.0 mSv 
[22]. The typical dosage for a scan was based on the amount of patient contact 
necessary in addition to the delivered activity and isotope. Any diagnostic ex-
amination requiring ionizing radiation must be justified and carried out to yield 
the required diagnostic data for the lowest practical radiation dosage (and, thus, 
the lowest risk) to the patient, personnel, and general public [19]. 

Technologists received higher radiation doses than other nuclear medicine de-
partment workers. The more extended period spent with the technician by the 
patient with administered activity both before and during the scanning opera-
tion may cause greater dosages. A similar conclusion has been made in the past, 
namely that patients with administered radioactivity, as contrasted to the prepa-
ration and administration of radioisotopes, are the primary source of external 
doses for NM technologists [23]-[28]. Compared with previously published stu-
dies, it seemed unlikely that the staff’s yearly dosages would go beyond the limit. 
Since staff processed radioisotopes, examined patients and managed the gamma 
camera, technicians made up the most prominent professional category exposed 
to ionizing radiation in the NM department (19.0 mSv), according to previously 
published studies [24] [29] [30]. Previous findings indisputably demonstrate that 
the workload and protective equipment affect the staff dosage for technologists 
(leaded glasses aprons) (Figure 2). 
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Figure 1. Comparing patients’ effective dosages to investigations that have already been 
published. 
 

 

Figure 2. Annual effective dose (mSv) at nuclear medicine department in comparison with 
previously published studies. 
 
Table 1. Patients demographic data (age and weight), administered activity. 

Procedure 
No of 

Patients 
Age 
(yrs) 

Weight 
(kg) 

Injected activity 
(Mbq) 

Patient effective 
dose (mSv) 

Bone scan 100 
53 

(17 - 80) 
64 

(29 - 110) 
650 

(440 - 1400) 
4.9 

(3.6 - 6.0) 

4. Conclusion 

Patients received a radiation dosage that was equivalent to that in earlier inves-
tigations. The variation of patient doses during skeletal scans with 99mTc is due 
to variation in patient weight. The majority of the NM departments use a com-
parable amount of radioactivity. Since all procedures were carried out for justi-
fied clinical indications and referred by a competent physician, optimizing scan 
parameters is a necessary to sustain minimal doses. The staff’s annual exposure 
is well below the recommended level. Eye lens measurement is recommended to 
protect the lens against cumulative doses from ionizing radiation. Effective dose 
reduction methodologies include using leaded shields, increasing distance, mi-
nimizing patient contact time after injection, and reducing workload. Staff are 
required to conform to radiological protection procedures to assure safety against 
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radiogenic hazards. Staff eye lens dose monitoring is recommended to assure that 
the annual equivalent dose within the dose limits.  
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