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Objectives: This study focuses on the critical "Justification and Optimization" 
principles of radiation protection during pediatric chest X-ray (CXR) examinations, 
the most common radiographic procedure, to reduce unnecessary ionizing radiation 
exposure and enhance safety protocols. Given that children are particularly 
vulnerable to the long-term biological effects of ionizing radiation, such as cancer 
and hereditary conditions, this research evaluates the application of these principles 
at a tertiary hospital in Tanzania.   

Methods: A hospital-based, cross-sectional study was conducted on 320 pediatric 
patients who underwent AP/PA CXR examinations over six months. The 
"justification" of CXR requests was assessed by comparing them with the 
"European Radiology and Nuclear Medicine Pediatric Imaging Referral Guideline." 
The "optimization" of radiation protection was evaluated using six radiographic 
criteria: X-ray beam projection, collimation, rotation, console exposure parameters, 
repeated examinations, and the use of thyroid and abdominopelvic shielding. The 
study used frequencies, percentages, measures of central tendencies, Pearson Chi-
square test, logistic regression, t-tests, and ANOVA for data analysis, with 
significance set at p<0.05, all conducted using SPSS version 29.0. 

Results: Among the 320 participants, 57.2% were male, with the majority aged 1-
5 years (41.9%), and a mean age of 3.2 years ± 1.6. Clinically unjustified CXR 
requests accounted for 36.6%, predominantly from outpatient departments (82.9%). 
Optimization failures were observed in AP projection (79.7%), collimation 
(69.7%), and rotation (63.8%) of the exams, particularly in children  
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under five years old. Additionally, 11.6% of the CXR exams were unnecessarily 
repeated, and 36.9% did not meet optimal console exposure settings. No thyroid or 
abdominopelvic shielding was used in any examination. 

Conclusion: The findings reveal that approximately one-third of pediatric CXR 
exams were unjustified, and many were conducted using suboptimal techniques, 
highlighting the urgent need to strengthen the implementation of justification and 
optimization principles in pediatric radiography. 

 
 

 تاصوحف ءانثأ عاعشلإا نم لافطلأا ةیامحل ةیساسلأا "نیسحتلاو ریربتلا" ئدابم ىلع ةساردلا هذھ زكرت :فادھلأا
 عاعشلإل يرورضلا ریغ ضرعتلا لیلقت فدھب ،اعًویش ةیعاعشلإا تاءارجلإا رثكأ دعُت يتلاو ،ردصلل ةینیسلا ةعشلأا
 دملأا ةلیوط ةیجولویبلا راثلآل صاخ لكشب نوضرعم لافطلأا نلأ ارًظن .ةملاسلا تلاوكوتورب زیزعتو نیؤملا
 ىفشتسم يف ئدابملا هذھ قیبطت میّقی ثحبلا اذھ نإف ،ةیثارولا تابارطضلااو ناطرسلا لثم ،نیؤملا عاعشلإل
 .اینازنت يف يصصخت

 ةعشلأا تاصوحفل اوعضخ نیذلا لافطلأا نم اضًیرم 320 ىلع ىفشتسملا يف ةیعطقم ةسارد ءارجإ مت :قرطلا
 تاداشرإب اھتنراقمب ةینیسلا ةعشلأا تابلط "رربم" مییقت مت .رھشأ ةتس ىدم ىلع ردصلل ةیفلخلاو ةیماملأا ةینیسلا
 عاعشلإا نم ةیامحلا "نیسحت" مییقت مت امك ."يبورولأا يوونلا بطلاو ةعشلأا مسق لبق نم لافطلأل يبطلا ریوصتلا"
 ،لوسنوكلا ضرعت تادادعإ ،فارحنلاا ،ةمزحلا ھیجوت ،ةینیسلا ةعشلأا طاقسإ عون :ةیعاعشإ رییاعم ةتس مادختساب
 بسنلاو تاراركتلا ةساردلا تمدختسا .نطبلاو ضوحلا ةقطنمو ةیقردلا ةدغلا تایقاو مادختساو ،تاصوحفلا راركت
 نیابتلا لیلحتو t تارابتخاو يتسجوللا رادحنلااو نوسریب عیبرت-ياك رابتخاو ةیزكرملا ةعزنلا تاسایقو ةیوئملا

(ANOVA) دنع ةللادلا ىوتسم دیدحت عم ،تانایبلا لیلحتل p<0.05، جمانرب مادختساب لیلحتلا ءارجإ متو SPSS 
 .29.0 رادصلإا

 تاونس 5-1 نیب مھرامعأ حوارتت مھمظعم ناكو ،%57.2 روكذلا ةبسن تناك ،اكًراشم 320 نیب نم :جئاتنلا
 ،%36.6 ةبسن ةینیسلا ةعشلأل ایًریرس ةرربملا ریغ تابلطلا تلكش .1.6 ± تاونس 3.2 رمع طسوتمب ،)41.9%(
 ،)%79.7( ةیماملأا ةعشلأا طاقسإ يف نیسحتلا يف تاقافخإ تظحول .)%82.9( ةیجراخلا تادایعلا ماسقأ نم اھمظعم
 ةفاضلإاب .ةسماخلا نس نود لافطلأا نیب ةًصاخ ،تاصوحفلا نم )%63.8( فارحنلااو ،)%69.7( ةمزحلا ھیجوتو
 تایوتسمب تاصوحفلا نم %36.9 مزتلت ملو ،ةرورض نود ةینیسلا ةعشلأا تاصوحف نم %11.6 راركت مت ،كلذ ىلإ
 .تاصوحفلا نم يأ يف نطبلاو ضوحلا ةقطنم وأ ةیقردلا ةدغلا تایقاو مادختسا متی مل .ىلثملا ضرعتلا

 اھنم دیدعلا ذیفنت متو ،ةرربم ریغ تناك لافطلأل ةینیسلا ةعشلأا تاصوحف ثلث يلاوح نأ جئاتنلا فشكت :جاتنتسلاا
 ریوصتلا يف نیسحتلاو ریربتلا ئدابم ذیفنت زیزعتل ةحلملا ةجاحلا زربی امم ،بولطملا ىوتسملا نود تاینقت مادختساب
 .لافطلأل يعاعشلإا
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1. INTRODUCTION 
Pediatric imaging modalities that use ionizing radiation, which includes chest X-ray 
(CXR), are crucial for diagnosis, therapy monitoring, and treatment planning. However, 
ionizing radiation causes two main effects, one stochastic effect, with no threshold, 
damaging cell’s deoxyribonucleic acid (DNA), increasing mutation and cancer risk, 
hereditary effects and reduced immunity, probabilistically with dose. Two is 
deterministic effects, which have a threshold, once exceeded causing direct tissue damage 
and non-cancer diseases (examples skin erythema, cataracts etc.) For a given dose of X-
ray radiation, children are at a higher risk of adverse effects compared to adults due to 
their increased lifetime vulnerability to exposure [1, 2]. 

In Tanzania and other similar settings, the practice of X-ray imaging often lacks 
standardized protocols and quality assurance programs, leading to a higher incidence of 
unnecessary or sub-optimal imaging procedures. This context underscores the 
importance of applying the principles of justification and optimization to raise awareness 
about unnecessary X-ray imaging and sub-optimal techniques during imaging, which is 
vital for developing protective measures to minimize radiation-related health impacts, 
especially for children [3, 4]. 

The justification principle asserts that any use of ionizing radiation must be medically 
warranted, with the procedure's benefits clearly outweighing the potential risks to the 
patient, ensuring that the procedure's necessity aligns with its diagnostic mission. This 
can be achieved by using standardized imaging referral guidelines [5]. The optimization 
principle emphasizes that imaging procedures should be conducted using proper design, 
equipment selection, installation, and daily radiographic techniques, ensuring that 
radiation doses are kept as low as reasonably achievable (ALARA) while meeting 
diagnostic requirements [6]. Optimal use of radiographic techniques includes setting 
appropriate operating console parameters [kilovoltage peak (kVp), tube current (mA), 
exposure time (ms), and current-time product (mAs)] [6, 7]. According to international 
standard criteria, for pediatric chest radiographs, the patient should be positioned either 
upright or supine, with a suggested radiographic voltage range of 60 - 80 kV (100 - 150 
kV with a grid for older children), automatic exposure control set to lateral (preferably 
none in infants and young children), a tube current of 320-400mA, and an exposure time 
of less than 10ms. Additionally, it is critical to avoid patient rotation, ensure proper 
patient positioning, and apply adequate beam collimation 
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and protective shielding of radiosensitive organs, such as thyroid and abdominopelvic 
shields, during CXR imaging [5, 8]. 

Global organizations like the World Health Organization (WHO) and the International 
Commission on Radiological Protection (ICRP) provide general guidelines and 
recommendations to help ensure the appropriate use of radiation. However, overall 
radiation exposure from medical imaging remains relatively unregulated, especially 
when compared to radiation exposure in occupational settings [9–11]. In some developed 
countries, there are well-established specific guidelines and quality assurance programs 
in place to minimize unjustified or sub-optimal radiation exposure. These regions often 
have advanced healthcare infrastructure and regulatory bodies overseeing medical 
imaging practices [11]. In contrast, developing countries, including those in Sub-Saharan 
Africa like Tanzania, often lack comprehensive data on the practice of justification and 
optimization principles, resulting in unnecessary procedures or additional radiation 
exposure.  

There is broad consensus that the risks associated with radiation exposure, particularly 
in pediatric populations, must be carefully evaluated and regulated to ensure that the 
medical necessity justifies the exposure. Therefore, unjustified imaging requests and sub-
optimal radiographic techniques should be discouraged, especially during CXR 
examinations, which are among the most common imaging procedures. This study aims 
to address these gaps by investigating the application of justification and optimization 
principles in pediatric chest radiography at a tertiary hospital in Tanzania, providing 
essential insights that could inform better practices and policies in similar contexts. 

 

2. MATERIALS AND METHOD 

This prospective, hospital-based cross-sectional study, enrolled pediatric participants 
under 15 years who underwent CXR exams at Muhimbili National Hospital from July to 
December 2022. The sample size of 320 was determined based on the Kish Leslie 
formula, using a prevalence estimate of 25% for unnecessary radiation exposures [12], 
with a 5% error margin at 95% confidence interval (CI). This sample size was chosen to 
ensure sufficient power to detect significant associations, assuming a moderate effect 
size. Data was extracted from the hospital’s Digital Imaging and Communications in 
Medicine (DICOM) system. A structured data collection tool was used to record 
demographic data, clinical information from CXR imaging requests, as well as 
radiographic parameters from raw (unprocessed) digital CXR images of each participant.  
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For the ‘justification principle,’ CXR requests were deemed 'justified' if the clinical 
information provided by clinicians matched the standardized “referral guideline for 
imaging in pediatrics” from European Radiology and the UK Royal College of 
Radiologists [13]. The use of European guidelines was justified due to the lack of locally 
developed standards in Tanzania, making these widely recognized international 
guidelines the most appropriate benchmark available. Requests lacking sufficient clinical 
information or not meeting guideline criteria were categorized as 'unjustified.' 

For the ‘optimization principle,’ six CXR radiographic parameters were reviewed and 
compared to established international standards, as summarized in (Table 1). To ensure 
consistency and reliability of data collection, all data collectors underwent training and 
calibration sessions prior to the study, where they were instructed on the use of the data 
collection tools and criteria for evaluation. This was done to minimize inter-observer 
variability and ensure that all data were collected uniformly. 

The study excluded participants with lateral CXR exams, as these are rarely 
performed. Combined chest-abdomen X-rays, thoracic deformities, and patients 
requiring cervical spine or trachea evaluations were also excluded to ensure consistency 
and accuracy in the findings. 

Data analysis was conducted using SPSS version 29.0 after ensuring data quality. 
Socio-demographic characteristics, the proportion of unjustified CXR requests, and the 
proportion of suboptimal radiographic techniques were summarized using frequencies, 
percentages, and measures of central tendencies. Associations were assessed using 
Pearson Chi-square, logistic regression, and two-independent samples test (Mann-
Whitney U Test). Statistical test for normality of data (Shapiro-Wilk test) was done 
before proceeding with two-independent samples test. The logistic regression model 
predicted the probability of "unjustified imaging requests" based on department, age 
group, and gender, assuming linearity of the log-odds, independence of observations, no 
multicollinearity, and no influential outliers. Statistical significance was set at p < 0.05, 
with odds ratios and 95% CI calculated where applicable. 
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Radiographic Criteria Method of Data Collection 

 
 
 

 
3. RESULTS 

3.1 Baseline and Demographic Characteristics of Study Participants 

The study sample included 137 (42.8%) female and 183 (57.2%) male participants, 
totaling 320 children (Figure 2). The age range was from 1 day to 14 years, with a mean 
age of 3.2 years (SD=1.5 years). Most participants, 134 (41.9%), were in the 1-5 years 
age group, followed by the <1 year age group with 113 (35.3%). The 6-10 years and 11-
15 years age groups comprised 42 (13.4%) and 31 (9.4%) participants, respectively. Out 
of the total participants referred to the radiology department for CXR examinations, 221 
(69.1%) were from the outpatient department (OPD) and 99 (30.9%) were from the 
inpatient department (IPD). 

Type of Beam Projection  
 

Determined by assessing whether the CXR image was 
labeled as AP or PA. PA was recorded as “optimal” 
and AP as “sub-optimal.” 

Each parameter (tube voltage, tube current, exposure 
time, and time-current product) was compared to 
European diagnostic reference levels for pediatric CXR 
imaging [14]. 

Operating Console Exposure Parameters 
 

X-ray Beam Collimation 
(with Adequate Coverage) 
 
No Rotation 
 

Shielding of Radiosensitive Organs 
 

Repeat CXR Examinations 

Evaluated using the Minimum Field Size (MinFS) as 
per the European Guidelines for AP/PA chest X-rays 
[15]. 

Assessed by ensuring equal distances between the 
spine and both sternoclavicular joints on the CXR 
image, as outlined in European guidelines [15]. 

Determined by checking for the use of thyroid and 
abdominal shielding tools during the CXR. 

Recorded by reviewing patient records to identify 
repeat examinations due to previous sub-optimal 
techniques. 

Table 1 Data Collection Methods for Assessing the Optimization of Radiation Protection in Pediatric 
CXR Imaging. 
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3.2 Justification of Imaging Requests 

 
 

As shown in (Table 2), out of 320 CXR examinations, 203 (63.4%) were justified based 
on the imaging referral guidelines, while 117 (36.6%) were unjustified. Among the 
unjustified requests, 60 (51.3%) lacked sufficient clinical information, and 57 (48.7%) 
did not align with the specific referral guidelines for pediatric CXR imaging. The odds 
of an unjustified request originating from OPD were three times higher than from IPD 
(OR=3.1, 95% CI: 1.8 - 5.4, p<0.001). Differences in justification across age groups and 
genders were observed but were not statistically significant. 

Figure 1 Frequency Distribution by Gender, Age, and Referring Department Among Children Undergoing CXR 
Exams at MNN, July-December 2022. 
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a. Type of CXR Beam Projection 

(Table 3) shows that the majority of CXR examinations (255; 79.7%) were performed 
using the anteroposterior (AP) projection, particularly among participants under five 
years old. A smaller proportion (65; 20.3%) used the posteroanterior (PA) projection. 
The AP projection was significantly more common across all age groups, with younger 
children more likely to receive an AP projection (mean age= two years, SE=0.19) 
compared to those receiving a PA projection (mean age=7.6 years, SE=0.50) (p<0.001). 

 
 
 
 
 
 
 

 

Variables 
Justification Of CXR Requests n (%) 

Unjustified 
Requests 

Justified 
Requests p-value OR 95%CI 

  Department 
OPD 97 (43.9%) 124 (56.1%) < 0.001 3.1 1.8 - 5.4 
IPD 20 (20.2%) 79 (79.8%)    
Total 117 (36.6%) 203 (63.4%)    

  Age group 
< 1 year 43 (38.1%) 70 (61.9%) 0.688   
1-5 years 48 (35.8%) 86 (64.2%)    
6-10 years 12 (28.6%) 30 (71.4%)    
11-15 years 14 (45.2%) 17 (54.8%)    

Total 117 (36.6%) 203 (63.4%)    
  Gender 

Female 47 (34.3%) 90 (65.7%) 0.272   
Male 70 (38.3%) 113 (61.7%)    
Total 117 (36.6%) 203 (63.4%)    

  Optimization of Radiographic Techniques 

Table 2 Justification of CXR Imaging Requests and Its Association with 
Demographic Data Among Children at MNH, July-December 2022. 
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b. Rotation 

Rotation was observed in 204 (63.8%) of CXR images, while 116 (36.2%) images 
showed no rotation. As depicted in (Table 3) and (Figure 2), patients with rotation were 
significantly younger (mean age=1.8 years, SE=0.21) than those without rotation (mean 
age = 5.5 years, SE=0.41) (p<0.001). 

 

 

Radiographic Technical Criteria 
(N=320) Frequency n (%) 

Age (Years) Mann-Whitney U-Test β 
Mean (SE) p-value 

  Type of beam projection 
AP 255 (79.7%) 2.0 (0.2) < 0.001 
PA 65 (20.3%) 7.6 (0.5)  

  Rotation (N=320) 
Yes 204 (63.8%) 1.8 (0.2) < 0.001 
No 116 (36.2%) 5.5 (0.4)  

   X-ray beam collimation 
Optimal 97 (30.3%) 5.8 (0.4) < 0.001 

Sub-optimal 223 (69.7%) 2.1 (0.2)  
  Application of radiation shielding tools 

Applied 0 (0.0%) 0 NA* 
Not applied 320 (100%) 3.2 (0.2)  

  Repeat CXR examinations   
Repeat 37 (11.6%) 1.6 (0.5) 0.005 

No repeat 283(88.4%) 3.4 (0.2)  
  Console exposure parameters (kVp, mA & ms) 

Optimal  202 (63.1%) 1.6 (0.2) < 0.001 
Sub-optimal 118 (36.9%) 5.8 (0.5)  

β The Mann-Whitney U Test was applied after the Shapiro-Wilk test for normality indicated that data didn’t 
follow a normal distribution. 
*Due to the consistent lack of shielding, no statistical analysis was computed for this variable. 

Table 3 Distribution of Radiographic Technique Optimization and Its Association with Age Among 
Children Undergoing CXR Imaging at MNH, July-December 2022. 

Figure 2 
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c. X-Ray Beam Collimation 

As shown in (Table 3), optimal beam collimation was observed in 97 (30.3%) CXR 
examinations, while 223 (69.7%) showed sub-optimal collimation, particularly among 
children under five years old. Participants with optimal collimation were significantly 
older (mean age=5.8 years, SE=0.48) compared to those with sub-optimal collimation 
(mean age=2.1 years, SE=0.2) (p<0.001). Among the 223 radiographs with sub-optimal 
collimation, one or more body regions were unnecessarily exposed to radiation. The most 
frequently irradiated areas were the head and neck (87.9%), arms (59.2%), and abdomen 
below the T12/L1 level (38.6%) (Figure 3) and (Figure 4). 

 

 

 

 

 

 
 

 
 
 
 
 

 
 
 
 

A PA CXR image of a 4-year-old boy showing no rotation, as indicated by equal 
distances between the medial ends of the clavicles and the spinous process. B AP CXR 
image of a 9-month-old baby displaying leftward rotation, evidenced by an increased 
distance between the medial end of the left clavicle and the spinous process compared 
to the right side (arrows). 

Figure 3 

Distribution of Unnecessarily Exposed Body Parts in 223 Poorly Collimated Pediatric 
CXR Radiographs at MNH, July-December 2022. Note: Multiple body parts may be 
exposed in a single radiograph. 

Head and neck (above 
C6) (87.9%)

Arms
(59.2%)

Abdomen below 
T12/L1 level

(38.6%)

Pelvis
(8.5%)

Lower limbs
(4.5%)
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d. Repeat CXR Examinations 

Following previous imaging errors, 37 (11.6%) CXR examinations were repeated. 
Participants with repeated CXR examinations were significantly younger (mean age=1.6 
years, SE=0.48) than those with no repeated examinations (mean age=3.4 years, 
SE=0.24) (p=0.005). The primary reason for repeating CXR exams was rotation errors 
(69.1%), followed by poor collimation (20.3%) and inadequate preparation (8.1%). These 
findings are illustrated in (Figure 5) and (Figure 6). 

 

 

 

Figure 4 

A PA CXR image of a 4-year-old boy demonstrating collimation within the 
recommended MinFS standards. B Poorly collimated AP CXR image of an 8-month-
old baby with unnecessary exposure of the head. C CXR image of a 9-year-old showing 
unsatisfactory collimation, resulting in exposure of the chin, neck, arms, and abdomen. 
D Poorly collimated AP CXR image of an infant with unnecessary exposure of the chin, 
neck, abdomen, pelvis, gonads, and thighs. 
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Figure 5 Percentage Distribution of Causes for 37 Repeated Pediatric CXR Examinations at MNH, 
July-December 2022. 

69.1%

20.…

8.1%
2.5%

Rotation

Poor Collimation

A Rotated CXR image of a 3-year-old boy. B CXR image of a 2-year-old boy 
showing poor imaging due to radiopaque clothing material (collar buttons) caused 
by inadequate patient preparation. C Poorly collimated AP CXR image of a 6-year-
old girl, with the inferior heart border, lower lung zones, and both costophrenic and 
cardiophrenic angles excluded. D Low-quality CXR image of a 4-week-old baby 
with significant noise. All four CXR examinations were repeated due to diagnostic 
uncertainty. 

Figure 6 
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e. Application of Radiation Shielding Tools 

None of the CXR examinations implemented thyroid or abdominal radiation shielding 
measures. Due to the consistent lack of shielding, no statistical analysis was conducted 
for this variable (Table 3).  

f. Console Exposure Parameters 

As detailed in (Table 3), optimal radiographic exposure parameters were used in 202 
(63.1%) of CXR examinations, while 118 (36.9%) used sub-optimal values. Younger 
participants were more likely to receive optimal exposure values (mean age=1.6 years, 
SE=0.15) compared to older participants (mean age=5.8 years, SE =0.46) (p<0.001). 
Table 4 presents the range of exposure parameters used during CXR examinations, 
including 55.0-125.0 kVp, 251.6-2075.0 mA, 0.7-71.9 ms, and 0.8-20.7 mAs, compared 
to the recommended European guidelines of 60-80 kVp for voltage, 320-400 mA for tube 
current, <10 ms for exposure time, and <4 mAs for current-time product. 

 

 

 

 

 

 

 

 

4. DISCUSSION 

This cross-sectional, hospital-based study evaluated the "justification" and 
"optimization" principles of radiation protection for pediatric patients undergoing CXR 
examinations at Muhimbili National Hospital over six months. Given the frequency of 
CXRs in children, who are more vulnerable to the lifelong effects of ionizing radiation, 
protecting them from unnecessary exposure is crucial. Our study included 320 
participants under the age of 15 years, with the majority being aged between 1 to 5 years 
and an average age of 3.2 years. The higher number of males than females in the study is 
consistent with similar studies in the region. 

Regarding the justification principle, approximately 37% of CXR examinations were 

 

 
CXR Exposure Parameters 
(at MNH, July-Dec 2022) European Guideline 

Recommendations 
Mean (+/-SD) Range 

  Voltage (kVp) 80.0 (23.9) 55.0 - 125.0 60 – 80kv 
  Tube current (mA) 532.2 (321.9) 251.6 - 2075.0 320 – 400mA 
  Exposure time (ms) 7.5 (8.6) 0.7 - 71.9 < 10ms 
  Current-time product (mAs) 3.2 (4.2) 0.8 - 20.7 < 4mAs* 
*Optimal current-time product (mAs) depends on individual optimal values of tube current and exposure time. 

Table 4 Console Exposure Parameters for Pediatric Chest Radiography at MNH, July-December 2022, 
Compared to European Guideline Recommendations for Diagnostic Radiographic Image Quality. 
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unjustified, raising significant concerns about unnecessary X-ray requests for children. 
This finding aligns with other studies, where the proportion of unjustified CXR requests 
ranges from 20% to 77%, depending on the facility and the use of imaging referral 
guidelines [5, 16, 17]. The non-use of standardized imaging referral guidelines and the 
absence of sufficient clinical information in imaging requests were key reasons for 
unjustified examinations in our study. This is consistent with research from other 
countries, where poorly documented clinical information complicates the justification 
process. A study from the UK found that using imaging referral guidelines significantly 
improved justification rates [5, 18–22]. 

Unjustified CXR examinations were more common in outpatient settings than in 
inpatient ones, a trend observed in similar studies from Greece and the USA [15, 16, 22 
,24]. This could be due to limited access to patient records, time constraints, and reduced 
supervision by radiology professionals in outpatient departments. These findings suggest a 
need for targeted interventions in outpatient settings to reduce unnecessary imaging. 

Concerning the optimization principle, our study found that the anteroposterior (AP) 
projection was predominantly used for CXR exams across all ages, consistent with the 
literature [9, 25]. AP CXRs expose juvenile breast and thyroid tissues to more radiation, 
while posteroanterior (PA) projections minimize magnification and reduce radiation 
doses to these sensitive areas by about 99% [26]. However, PA projection is less common 
in pediatric practice due to challenges with positioning uncooperative young children [9, 
25]. 

Rotation was observed in 63.7% of radiographs, which can cause diagnostic 
uncertainty and lead to unnecessary repeat imaging. This proportion is higher compared 
to various studies, and variations in CXR rotation across facilities may be due to 
differences in radiographers' skills, equipment condition, patient cooperation, and the use 
of immobilizing devices [25, 27–29].  These findings highlight the need for improved 
training and the use of immobilization tools to reduce rotation during imaging. 

Poor X-ray beam collimation, which was observed in about 70% of pediatric CXR 
radiographs, is a significant source of unnecessary radiation doses [30]. This finding is 
consistent with studies from Iran, Israel, and Austria but lower than in a Nigerian study 
[12, 31, 32]. The higher prevalence of poor collimation among children under 1 year old 
may be due to their restlessness and difficulty following instructions during X-ray 
procedures. This issue underscores the need for enhanced techniques and possibly more 
personnel to assist with pediatric imaging. 

The lack of thyroid and abdominal shielding devices in all the radiographs is concerning, 
especially since these shields can reduce radiation exposure by up to 99% [12, 33, 34]. Similar 
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studies have found that many CXR exams do not utilize shielding devices, even when available 
[12]. The reasons for this may include a lack of awareness among radiology professionals about 
the importance of shielding, limited availability of appropriate tools, and practical challenges in 
implementing these measures during pediatric imaging [12, 35] 

Regarding the optimization of X-ray console exposure parameters, around 37% of the 
total CXR images did not adhere to optimal values for at least one of the three console 
exposure parameters (tube voltage, tube current, or exposure time), as recommended by 
European guidelines [14]. Using suboptimal exposure settings can compromise image 
quality and increase the likelihood of repeat exams, further exposing patients to 
unnecessary radiation [36]. Potential reasons for suboptimal exposure values include 
inadequate training, equipment calibration issues, and reliance on automatic technique 
selection without proper adjustments [26]. 

Unnecessary radiation exposure from repeat CXR examinations due to previous 
technical errors was observed in 12% of cases, which is slightly above the 10% threshold 
reported in the literature for all X-ray procedures [36]. Ideally, repeat exams in a busy 
healthcare setting should not exceed 5% [26]. In our study, repeat CXR exams were 
primarily due to rotation, followed by poor collimation and external radiopaque materials 
(e.g., clothing) [36, 37]. Addressing these issues through better training and standardizing 
imaging protocols could help reduce repeat exams. 

 
4.1 Study Limitations and Implications for Policy and Practice 

 
This study has several limitations. As a single-center study, the findings may not be 

generalizable to all healthcare facilities in Tanzania. However, given that Muhimbili 
National Hospital serves as a national referral center with extensive coverage of medical 
services, the findings offer valuable insights into pediatric chest radiography practices at 
a national level. Additionally, the study did not assess the knowledge and attitudes of 
clinicians, radiographers, or radiology technologists toward the principles of justification 
and optimization. This limitation was due to time constraints, financial limitations, and a 
small sample size. 

The implications of this study for policy and practice are significant. The high 
proportion of unjustified and suboptimal CXR examinations highlights the need for 
standardized imaging referral guidelines and improved training for radiology 
professionals in Tanzania. Implementing these changes could reduce unnecessary 
radiation exposure in children, improve diagnostic accuracy, and enhance overall patient 
safety. Furthermore, future research should focus on multi-center studies to validate these 
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findings and explore interventions that can address the identified gaps in radiographic 
practices. Addressing these challenges could lead to more effective and safer 
radiographic practices, benefiting pediatric patients nationwide.   

 

5. CONCLUSION 
 
The principles of "Justification and Optimization" are fundamental for ensuring radiation 
protection in pediatric imaging, aiming to achieve necessary diagnostic outcomes while 
minimizing the associated risks. Our study found that one-third of pediatric chest X-rays 
(CXRs) were unjustified and many used suboptimal radiographic techniques, 
underscoring the need for standardized practices in pediatric X-ray imaging. We 
recommend that healthcare professionals in developing countries like Tanzania adopt 
standardized referral guidelines and enhance training in optimal radiographic techniques. 
Policymakers should integrate these guidelines into national protocols to minimize 
unnecessary radiation exposure. Future research should assess knowledge and awareness 
of health professionals on radiation protection and the effectiveness of these interventions 
across multiple centers to improve patient safety and optimize pediatric radiographic 
practices.   
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