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This study estimated Entrance Surface Air Kerma (ESAK) for adult 
posteroanterior (PA) chest radiography and described ESAK patterns in relation to 
selected technical parameters and patient characteristics as an initial facility-level 
baseline. A descriptive–exploratory observational study was conducted in 10 adult 
patients using a Siemens digital radiography system equipped with Automatic 
Exposure Control (AEC). ESAK was estimated from X-ray tube output obtained 
from acceptance/constancy testing and combined with routinely recorded exposure 
parameters. Incident air kerma (INAK) was calculated first and then converted to 
ESAK using a backscatter factor assumed to be constant at 1.35. All examinations 
were performed at 125 kVp with a fixed source-to-image distance (SID) of 180 
cm. Focus-to-skin distance (FSD) was not recorded directly and was estimated 
from SID and the recorded chest thickness. ESAK ranged from 0.09 to 0.17 mGy 
(mean, 0.13 mGy), and all values were below the BAPETEN optimization 
reference level of 0.2 mGy. In this limited sample, graphical patterns indicated that 
ESAK increased with mAs and body weight and decreased with increasing FSD. 
These findings are preliminary and require confirmation in a larger cohort; 
however, they may serve as a temporary local baseline for internal dose auditing 
and to inform the design of subsequent dose optimization studies. 
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ABSTRAK 
Penelitian ini mengestimasi Entrance Surface Air Kerma (ESAK) pada radiografi 
toraks dewasa proyeksi posteroanterior (PA) dan mendeskripsikan pola nilai 
ESAK terhadap parameter teknik serta karakteristik pasien sebagai data awal 
tingkat fasilitas. Studi observasional deskriptif–eksploratif dilakukan pada 10 
pasien dewasa menggunakan sistem radiografi digital Siemens dengan Automatic 
Exposure Control (AEC). ESAK diestimasi dari keluaran tabung sinar-X hasil uji 
kesesuaian dan parameter paparan rutin. Incident air kerma (INAK) dihitung 
terlebih dahulu, kemudian dikonversi menjadi ESAK menggunakan faktor hambur 
balik yang diasumsikan konstan sebesar 1,35. Pemeriksaan dilakukan pada 125 
kVp dengan source-to-image distance (SID) 180 cm. Focus-to-skin distance (FSD) 
tidak dicatat langsung dan diestimasi dari SID serta ketebalan toraks. ESAK 
berkisar 0,09–0,17 mGy dengan rerata 0,13 mGy, dan seluruh nilai berada di 
bawah acuan optimisasi BAPETEN 0,2 mGy. Pada sampel terbatas ini, pola pada 
grafik menunjukkan ESAK meningkat seiring mAs dan berat badan, serta menurun 
dengan meningkatnya FSD. Temuan ini bersifat awal dan memerlukan konfirmasi 
pada kohort yang lebih besar, namun dapat digunakan sebagai nilai acuan lokal 
sementara untuk audit dosis internal dan perencanaan studi optimisasi dosis 
berikutnya. 
 
Kata kunci: Dosis Pasien, ESAK, Optimisasi Dosis, Proteksi Radiasi, Radiografi 
Toraks 
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1. Introduction 
The use of ionizing radiation is an integral part of modern medical practice, particularly in diagnostic and 

interventional radiology to support clinical decision-making. Conventional radiographic X-ray systems remain 
among the most widely used sources of medical ionizing radiation, in which X-rays are generated when high-
energy electrons emitted from the cathode are accelerated toward an anode target under an applied potential 
difference, typically in the range of 20–150 kVp [1]. The resulting X-ray beam penetrates patient tissues and 
is detected by an image receptor to form a radiographic image. 

Among conventional radiographic procedures, posteroanterior (PA) chest radiography is one of the most 
frequently performed examinations in healthcare facilities. It plays an important clinical role in evaluating the 
lungs, heart, and other thoracic structures for screening and diagnostic purposes. Although the dose per chest 
radiograph is generally lower than that of modalities such as computed tomography (CT) [2], the high volume 
of examinations and variations in local practice make patient dose optimization in chest radiography a relevant 
topic in medical physics and radiation protection [3]. 

Medical exposure to ionizing radiation carries a potential risk of stochastic effects; therefore, the 
implementation of radiation protection principles is essential. In Indonesia, patient radiation protection and 
safety for X-ray utilization are regulated by the Nuclear Energy Regulatory Agency (Badan Pengawas Tenaga 
Nuklir, BAPETEN), including provisions that emphasize monitoring and control of patient doses as part of a 
radiation safety assurance system [4]. These requirements are consistent with international recommendations 
from the International Commission on Radiological Protection (ICRP) [5] and the International Atomic Energy 
Agency (IAEA) [6], which emphasize the principles of justification and optimization according to the As Low 
As Reasonably Achievable (ALARA) concept. 

In the context of optimization, patient dose audits using standardized dosimetric quantities are widely used 
to evaluate exposure practices and to identify areas for protocol improvement. In digital radiography, several 
dose-related metrics—such as entrance surface air kerma (ESAK) and kerma–area product (KAP)—are 
commonly applied for patient dose monitoring, performance evaluation, and as supporting inputs in 
establishing local diagnostic reference levels (local DRLs) [7]. ESAK is defined as the air kerma at the patient 
entrance surface including the contribution of backscattered radiation, and it may be estimated using measured 
X-ray tube output combined with clinical exposure parameters and appropriate geometric corrections [8]. 

Previous studies have reported that ESAK or entrance skin dose (ESD) for adult PA chest radiography can 
vary substantially between facilities and across countries. Such variability is often associated with differences 
in exposure technique, imaging system characteristics, examination geometry, and the implementation level 
of quality control programs. For example, relatively low ESAK values on the order of 0.1 mGy have been 
reported in adult PA chest radiography using digital radiography systems in Thailand [9], while studies in 
Tanzania have demonstrated broader dose variations across digital radiographic examinations, suggesting 
further potential for optimization [10]. 

From a physics and dosimetry perspective, ESAK in radiographic examinations is primarily influenced by 
exposure parameters and geometry, particularly tube voltage (kVp), tube current–time product (mAs), 
filtration, collimation (field size), and focus-to-skin distance (FSD) [5,11]. These parameters jointly determine 
the quantity and quality of the X-ray beam and therefore affect the patient dose. Accurate estimation of tube 
output and subsequent ESAK calculation require calibrated dosimetry to ensure measurement reliability. In 
digital radiography, exposure indicators such as the Deviation Index (DI) can support exposure consistency as 
part of quality assurance programs, helping maintain an appropriate balance between image quality and patient 
dose [12]. 

In addition to technical factors, patient-related characteristics may contribute to dose variability because 
they influence beam attenuation and automatic exposure control (AEC) behavior in clinical practice. Several 
studies in Indonesia have reported associations between ESAK and technical parameters as well as basic 
patient characteristics such as body mass and age [13–14]. These findings support the importance of 
developing local dosimetric datasets that can inform dose monitoring and facilitate the establishment of local 
DRLs used as optimization benchmarks within facility-level radiation protection programs [15]. Importantly, 
DRLs (or related reference levels) are intended as tools for optimization and investigation when values are 
consistently higher than expected, rather than as strict individual dose limits. 

Nevertheless, the adoption of digital radiography introduces specific challenges, including exposure creep, 
which refers to a gradual and often unnoticed increase in exposure over time. Due to the wide dynamic range 
of digital systems, images may remain diagnostically acceptable even when exposures exceed what is 
necessary. Without systematic monitoring and feedback through quality assurance, this may lead to 
unnecessary increases in patient dose. Accordingly, many studies emphasize the need for routine monitoring 
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of exposure indicators and dose-related metrics to control exposure variability and support continuous 
optimization [16]. 

This study presents a facility-based pilot dose audit for adult PA chest radiography by estimating ESAK 
from routinely recorded exposure parameters used in daily clinical practice. The objectives are (1) to estimate 
ESAK in adult PA chest radiography at a healthcare facility in Banda Aceh using routine exposure parameters 
(kVp, mAs, and FSD), and (2) to describe patterns between ESAK and key technical parameters and basic 
patient characteristics within the observed sample. Given the limited sample size (n = 10), the analyses are 
intended to be descriptive and exploratory rather than for strong statistical inference or broad generalization. 
The results are expected to provide pilot data to inform the planning of routine dose monitoring, dose audits, 
and future optimization studies with larger patient cohorts [17]. 
 
2. Methods 
2.1. Research Design 

This study employed an observational, quantitative, descriptive–exploratory pilot design. The primary 
objective was to estimate Entrance Surface Air Kerma (ESAK) for adult posteroanterior (PA) chest 
radiography under routine clinical practice at a single facility. A secondary objective was to describe 
exploratory patterns between ESAK and selected technical parameters and basic patient characteristics. 

Because the sample size was limited (n = 10), all analyses were intended to be descriptive and exploratory, 
not for population-level inference, causal conclusions, or broad generalization. No changes were made to 
clinical protocols; therefore, the dataset reflects routine radiographic practice. 

 
2.2. Place and Time 

The study was conducted in the radiology department of a healthcare facility in Banda Aceh City using a 
Siemens digital radiography X-ray system. Data were collected retrospectively from examinations performed 
between January and February 2024, during which the facility’s adult PA chest protocol remained unchanged. 

 
2.3. Subjects and Eligibility Criteria 

Records were selected purposively based on completeness and conformity to the standard adult PA chest 
protocol. Inclusion criteria were: 
a) adult patients aged 30–60 years, 
b) standard PA chest radiography performed using Automatic Exposure Control (AEC), 
c) availability of complete records for sex, age, body weight, chest thickness, and exposure/geometry 

parameters (kVp, mAs, and SID). 
Examinations were excluded if records were incomplete, if the projection was not standard PA chest, or if 

examinations involved special conditions such as repeat exposures or additional projections. Based on these 
criteria, 10 examinations were eligible and included. 

 
2.4. Variables and Data Sources 

For each included examination, the following data were extracted from routine radiography records: 
a) Patient characteristics: age (years), body weight, BW (kg), and chest thickness (cm). 
b) Exposure/geometry parameters: tube voltage (kVp), tube current–time product (mAs), and source-to-image 

distance (SID). 
The facility’s standard adult PA chest protocol used 125 kVp and SID = 180 cm (fixed by protocol). 

Therefore, the primary sources of variation across patients were mAs (AEC response) and estimated FSD 
(from chest thickness). 

 
2.5. Geometry and Estimation of Focus-to-Skin Distance (FSD) 

Patient-specific focus-to-skin distance (FSD) was not recorded directly; therefore, it was estimated using 
examination geometry. Chest thickness was measured as anteroposterior thickness in the PA position using a 
patient thickness caliper at the mid sternum or nipple line level, with the patient standing with the anterior 
chest against the bucky at full inspiration, and recorded in centimeters. Under PA chest positioning with the 
patient close to the image receptor, the object-to-detector distance can be approximated by the recorded chest 
thickness 𝑇 (cm). Thus, FSD was estimated as [18]: 

𝐹𝑆𝐷 =  𝑆𝐼𝐷 −  𝑇      (1) 
where, 𝑆𝐼𝐷 is the source-to-image distance (cm), fixed at 180 cm, 𝑇 is the recorded chest thickness (cm). 

This approach yields patient-specific FSD values (as shown in the dataset/table 1) and is suitable for a pilot 
audit. Any residual gap between the patient and the detector (e.g., incomplete contact with the bucky) may 
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cause the estimated FSD to differ from the true FSD; this is treated as a source of systematic uncertainty. 
 

2.6. Dose Quantities and Calculation 
Definitions 
𝐾௔(𝑑) : free-in-air air kerma at a reference distance 𝑑 from the X-ray tube (no backscatter). 
𝑌(𝑑, 𝑘𝑉𝑝) : tube output at distance 𝑑 for a given tube voltage (mGy/mAs), obtained from 

  calibrated output data. 
𝐾௔,௜ (INAK) :  incident air kerma at the patient entrance surface (free-in-air at the skin, without backscatter). 
𝐾௔,௘ (ESAK) : entrance surface air kerma including backscatter. 
𝐵𝑆𝐹  : backscatter factor. 

 
Free-in-air air kerma at reference distance 
Free-in-air air kerma at the reference distance 𝑑 was obtained from the tube output and the recorded mAs 

[18]: 

𝐾௔(𝑑) = 𝑌(𝑑, 𝑘𝑉𝑝) × 𝑚𝐴𝑠 (2) 

Because the protocol used a fixed tube voltage (125 kVp), the tube output 𝑌(𝑑, 𝑘𝑉𝑝) was taken from 
quality control measurements. Output was measured using a calibrated dosimeter at d = 100 cm, 125 kVp, and 
10×10 cm field size. The mean output obtained was Output_100 = 0.05514 mGy/mAs, and this value was 
applied consistently in Eq. (2). 

 
Incident air kerma at the patient entrance surface 
The kerma at the patient entrance surface was calculated by applying inverse square correction from the 

reference distance 𝑑 to the estimated patient-specific FSD [18]: 

𝐾௔,௜ =  𝐾௔(𝑑) × ቀ
ௗ

ிௌ஽
ቁ

ଶ
      (3) 

This step accounts for differences in patient positioning/size through FSD. 
 
Entrance Surface Air Kerma including backscatter (ESAK) 
ESAK was estimated by applying a backscatter factor [18]: 

𝐾௔,௘ =  𝐾௔,௜  × 𝐵𝑆𝐹 

 𝐸𝑆𝐴𝐾 = 𝐼𝑁𝐴𝐾 ×  1.35 (4) 

In this pilot study, 𝐵𝑆𝐹 was assumed constant at 1.35 as a representative value for adult chest radiography 
at high kVp. This approximation was used because examination-specific parameters influencing BSF (e.g., 
field size/collimation and HVL/filtration) were not fully available from routine records. The use of constant 
BSF is therefore considered a limitation and a source of systematic uncertainty [14, 15, 18]. 

 
2.7. Data Processing and Statistical Analysis 

INAK (𝐾௔,௜) and ESAK (𝐾௔,௘) were summarized using descriptive statistics. Central tendency was reported 
as mean and minimum–maximum range. To provide an optimization-oriented context, ESAK values were 
compared with the reference level stated in BAPETEN guidance (0.2 mGy). Results were categorized as [19]: 

 at or below the reference level (𝐸𝑆𝐴𝐾 ≤ 0.2 mGy), and 
 above the reference level (𝐸𝑆𝐴𝐾 > 0.2 mGy). 

This comparison is intended to support dose auditing and optimization discussion and should not be 
interpreted as an individual patient dose limit. 

Exploratory relationships between ESAK and selected variables (mAs, estimated FSD, and BW) were 
evaluated using scatter plots and Pearson correlation coefficients to describe linear association: 

𝑟 =
௡(∑ ௑௒)ି(∑ ௑)(∑ ௒)

ඥ[௡ ∑ ௑మି(∑ ௑)మ][௡ ∑ ௒మି(∑ ௒)మ]
    (5) 

Given that ESAK is mathematically derived from mAs and FSD through Eqs. (2)–(4), any strong 
association between ESAK and mAs/FSD is expected and is interpreted primarily as a consistency/sensitivity 
reflection of the calculation model under routine practice, rather than as independent causal evidence. For BW, 
any observed pattern is interpreted cautiously because BW is an indirect surrogate for attenuation and may not 
fully capture positioning and thickness distribution. With n = 10, all relationship analyses are descriptive–
exploratory. 
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3. Results and Discussions 
This study provides a facility-based, descriptive–exploratory evaluation of 10 adult posteroanterior (PA) 

chest radiographic examinations performed under routine clinical practice. Patient-related variables included 
sex, age, body weight, and recorded chest thickness. Technical variables comprised tube voltage (kVp), tube 
current–time product (mAs) selected by Automatic Exposure Control (AEC), and source-to-image distance 
(SID). Focus-to-skin distance (FSD) was not measured directly; it was estimated from the fixed SID (180 cm) 
and recorded chest thickness using Equation (1), as described in the Methods. Dosimetric quantities included 
incident air kerma (INAK) and entrance surface air kerma (ESAK). 

All examinations were performed using a constant tube voltage of 125 kVp and a fixed SID of 180 cm. 
Maintaining constant kVp is important because changes in kVp alter beam quality and tube output, which 
would confound comparisons of estimated dose between examinations. Under this standardized protocol, the 
observed variability in INAK and ESAK across patients is consistent with differences in AEC-selected mAs 
(reflecting attenuation differences) and small variations in estimated FSD arising from recorded chest 
thickness. Importantly, because ESAK is calculated from mAs and FSD (via inverse square correction and 
backscatter correction), strong numerical associations between ESAK and these variables are expected and 
should be interpreted primarily as a consistency/sensitivity reflection of the calculation model under routine 
practice rather than as evidence of independent causal relationships. 

 
3.1. Patient characteristics, Exposure Parameters, and Estimated Doses 

Table 1 presents individual patient data, exposure parameters, and derived dose quantities. With kVp (125) 
and SID (180 cm) fixed, mAs ranged from 3.17 to 5.63 mAs, chest thickness ranged from 18.8 to 23.8 cm, and 
estimated FSD ranged from 161.2 to 156.2 cm. 

 
Table 1. Patient data, exposure parameters, and dosimetric outputs. 

No 
Age 

(years) 

Body 
Weight 

(kg) 

Chest 
Thickness 

(cm) 
kVp mAs 

SID 
(cm) 

FSD 
(cm) 

INAK 
𝐾௔,௜ 

(mGy) 

ESAK 
𝐾௔,௘ 

(mGy) 
1 50 48 18.8 125 3.17 180 161.2 0.067 0.091 
2 30 53 19.8 125 3.66 180 160.2 0.079 0.106 
3 39 54 19.8 125 3.69 180 160.2 0.079 0.106 
4 42 56 20.4 125 3.96 180 159.6 0.086 0.116 
5 52 59 21.0 125 4.25 180 159.0 0.093 0.125 
6 54 62 21.6 125 4.55 180 158.4 0.100 0.135 
7 57 65 22.0 125 4.75 180 158.0 0.105 0.141 
8 44 68 22.6 125 5.04 180 157.4 0.112 0.151 
9 60 72 23.4 125 5.43 180 156.6 0.122 0.165 

10 48 74 23.8 125 5.63 180 156.2 0.127 0.171 
 

Across this sample, greater recorded chest thickness generally coincided with higher mAs selected by the 
AEC and higher INAK/ESAK values, which is consistent with the expected behavior of AEC systems 
compensating for increased attenuation to maintain detector exposure [5]. 

A summary of patient characteristics and dose estimates is shown in Table 2. The sample comprised adults 
aged 30–60 years (mean 47.6 years). Body weight ranged from 48 to 74 kg (mean 61.1 kg), and chest thickness 
ranged from 18.8 to 23.8 cm (mean 21.3 cm). INAK ranged from 0.07 to 0.13 mGy, while ESAK ranged from 
0.09 to 0.17 mGy. 

 
Table 2. Patient data for PA chest radiographic examinations. 

Number 
of 

Patients 

Age 
(years) 
Range/ 
Mean 

Body 
Weight 

(kg) 
Range/ 
Mean 

Chest 
Thickness 

(cm) 
Range/ 
Mean 

kVp 
mAs 

(Range/
Mean) 

FSD 
(cm) 

Range/ 
Mean 

Patient Dose 
(mGy) 

Range/Mean 

BAPETEN 
Reference 

Level 
(mGy) 

M F 𝐾௔,௜ 𝐾௔,௘ 𝐾௔,௜ 𝐾௔,௘ 
3 7 30-60/ 

47.6 
48-74/ 
61.1 

18.8-23.8/ 
21.3 

125 3.2-5.6/ 
4.4 

156.2-
161.2/ 
158.7 

0.07-
0.13/ 
0.09 

0.09-
0.17/ 
0.13 

0.2 0.2 
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The systematic finding that ESAK exceeds INAK is expected because ESAK incorporates the contribution 
of backscattered radiation at the entrance surface through the backscatter factor (BSF). In contrast, INAK 
represents the incident component without backscatter. Therefore, with BSF > 1, ESAK must be higher than 
INAK by definition. This indicates internal consistency of the dose calculation workflow used in this pilot 
dataset and aligns with standard dosimetric practice and guidance [5, 20]. 
 

 
Figure 1. Distribution of Entrance Surface Air Kerma (ESAK) values in posteroanterior (PA) chest 

radiography. 
 
The distribution of ESAK values is shown in Figure 1. Even with fixed kVp and SID, dose variability 

remains across patients. Presenting the distribution is useful for dose auditing because it highlights not only 
the mean ESAK but also the inter-patient spread. For facility-based optimization, inter-patient variability may 
reflect differences in patient attenuation (thickness/habitus), positioning geometry (estimated FSD), and AEC-
selected mAs. In this pilot dataset, ESAK values remained below 0.2 mGy [19]; however, given the small 
sample size, this should be interpreted as an initial baseline rather than a definitive facility-wide conclusion. 

 
3.2. Relationship between ESAK and mAs 

The relationship between ESAK and mAs is shown in Figure 2. A linear fit within this limited dataset 
yielded: 

𝐸𝑆𝐴𝐾 = 0.0329 ⋅ mAs − 0.0143      (6) 

with high goodness-of-fit values (reported 𝑅2 and 𝑟). However, these very high values should be interpreted 
cautiously. In this study, ESAK is calculated from tube output multiplied by mAs (and corrected for distance 
and backscatter). Therefore, a near-linear relationship between ESAK and mAs is expected by construction, 
particularly when kVp is held constant and other sources of variation are modest. In this context, the fitted 
slope can be viewed as an empirical sensitivity over the observed mAs range (3.2–5.6 mAs) rather than as 
evidence of a new causal relationship. The negative intercept should not be interpreted physically; it is a model 
artifact resulting from fitting a line over a narrow range and does not imply meaningful ESAK values at very 
low mAs. 

 

 
 

Figure 2. Correlation between ESAK and mAs. 
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With tube voltage kept constant, changes in mAs primarily modify the quantity of the X ray beam, namely 
the number of photons produced by electron interactions at the anode target. Because beam quality is largely 
determined by kVp, maintaining a fixed kVp keeps the energy spectrum relatively unchanged, so an increase 
in mAs mainly raises beam intensity and the air kerma delivered to the patient entrance surface. From a 
dosimetric standpoint, this explains why ESAK tends to increase as mAs increases in PA chest radiography 
performed at constant kVp [1, 18]. 

In examinations using Automatic Exposure Control, mAs is an output adjusted by the system to maintain 
the detector exposure at a target level. When patient attenuation is higher, the system tends to select a higher 
mAs to preserve image quality, which can lead to a higher ESAK. Because ESAK is estimated from exposure 
parameters that include mAs, the ESAK and mAs relationship observed in this study is best understood as an 
expected pattern arising from basic X ray beam physics and AEC behavior in routine practice, rather than as 
independent causal evidence. Future studies with larger samples and additional recorded parameters (e.g., 
collimation/field size, grid use, AEC chamber selection, and exposure index) would enable more detailed 
assessment of how each factor contributes to dose variability beyond what is mathematically imposed by the 
calculation model. 

 
3.3. Relationship between ESAK and FSD 

The relationship between ESAK and focus to skin distance (FSD) is shown in Figure 3. A linear fit within 
this limited dataset yielded: 

𝐸𝑆𝐴𝐾 = −0.01611 ⋅ FSD + 2.68730     (7) 

A linear regression over the observed range indicates a strong negative association (high reported R² and 
r), meaning ESAK decreases as FSD increases. This trend is physically expected in projection radiography 
because beam intensity at the skin decreases with increasing distance due to geometric divergence (the inverse 
square law dependence). For constant tube potential (kVp), the entrance-surface kerma is mainly governed by 
tube output proportional to mAs and by the distance factor (𝑆𝐼𝐷/𝐹𝑆𝐷)2; therefore, increasing FSD should 
reduce ESAK, consistent with the inverse square law [18]. 

 

 
 

Figure 3. Correlation between ESAK and FSD. 
 

However, the ESAK–FSD correlation in this dataset should be interpreted with caution because FSD is not 
an independent experimental variable. In routine PA chest radiography with a fixed SID, FSD is geometrically 
linked to patient habitus (e.g., chest thickness): an increase in thickness reduces FSD (a larger patient-to-
detector gap) and simultaneously increases attenuation. As a result, AEC typically selects a higher mAs to 
maintain detector exposure. Because ESAK is calculated from tube output multiplied by mAs and corrected 
for distance (and backscatter), both mAs and the distance correction co-vary with patient thickness. Thus, the 
strong ESAK–FSD pattern is best understood as a combined consequence of (i) geometric distance effects and 
(ii) AEC-driven increases in mAs in thicker patients, rather than as a separable “distance-only” causal effect. 

The fitted linear slope should therefore be interpreted as an empirical sensitivity within the limited observed 
range, not as a fundamental law. Moreover, the intercept of the linear fit should not be assigned physical 
meaning, because extrapolation beyond the measured FSD range is not valid; the intercept is a regression 
artifact from fitting a straight line to data generated by a multiplicative model (mAs × distance correction) over 
a restricted range. 
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Backscatter was included via a backscatter factor (BSF). Because exam-specific determinants of BSF (field 
size/collimation, HVL/filtration, etc.) were not fully available in routine records, a constant BSF was used as 
a pragmatic audit assumption. This introduces systematic uncertainty in absolute ESAK values, although the 
negative ESAK–FSD trend is expected to remain. Future work should record geometric details (patient-to-
detector gap, actual FSD measurements) and technical parameters (collimation, HVL/filtration, AEC chamber 
selection, exposure index) to better separate the contributions of distance, technique (mAs), and scatter to dose 
variability. 

 
3.4. Relationship between ESAK and Body Weight 

Figure 4 shows the relationship between ESAK and body weight (BW). The linear model fitted to this 
dataset was: 

𝐸𝑆𝐴𝐾 = 0.00309 ⋅ BW − 0.05806     (8) 

and the result indicates a fairly strong association within this sample. Clinically, the direction of the 
relationship is plausible because higher body weight is often associated with greater attenuation, which can 
prompt the AEC to increase mAs to maintain detector exposure and thereby increase ESAK. In general, larger 
patient habitus leads to greater attenuation of the X-ray beam, reducing the detector signal for a given 
technique. In examinations performed with Automatic Exposure Control (AEC), increased attenuation may 
trigger the system to select a higher mAs to achieve the target receptor exposure and preserve image quality. 
Because the number of emitted photons is approximately proportional to mAs when kVp is held constant, this 
mechanism can contribute to higher incident air kerma (INAK) and, consequently, higher ESAK [13–14]. 

 

 
 

Figure 4. Correlation between ESAK and body weight. 
 

However, the strength of this relationship should be interpreted cautiously. Body weight is not a direct 
measure of thoracic attenuation and is likely correlated with chest thickness. Chest thickness influences the 
mAs selected by the AEC and also affects the estimated FSD through Equation (1). Therefore, the observed 
ESAK–BW pattern may reflect these linked relationships rather than an independent effect of body weight 
alone. 

Given the small sample size (n = 10) and relatively narrow ranges, the regression and correlation results 
are best treated as descriptive summaries of this dataset. Confirmation using a larger cohort and multivariable 
analysis that includes chest thickness, mAs, and estimated FSD simultaneously would be needed to better 
separate the contributions of patient habitus and technical factors. 

 
3.5. Comparison with Reference Level and Optimization Implications 

The mean ESAK in this pilot dataset was 0.13 mGy, with values ranging from 0.09 mGy to 0.17 mGy, and 
this was below the BAPETEN reference level or IDRL for adult PA chest radiography of 0.2 mGy [19]. This 
indicates that the ESAK values observed in this small sample are within the facility optimization benchmark 
context, rather than demonstrating a definitive facility wide performance or compliance status. Interpretation 
should remain cautious because the sample size is limited to 10 examinations and because ESAK estimation 
involved simplifying assumptions, particularly the use of a constant backscatter factor with BSF equal to 1.35 
and the estimation of FSD from the fixed SID and recorded chest thickness. 

The observed ESAK range is broadly consistent with reports from digital radiography studies in which adult 
PA chest ESAK commonly falls in the mGy range, while also emphasizing that dose levels are strongly 



Journal of Technomaterial Physics Vol.08, No.01 (2026) 020-029 
 

28

 

influenced by local technical and operational factors, including beam quality, examination geometry, detector 
characteristics, collimation or field size, and the specific dose metric applied [9,10]. Several studies in 
Indonesia have reported that ESAK variability is associated with exposure parameters and patient habitus, 
particularly through the AEC mechanism that modulates mAs under fixed kVp conditions [13,14]. However, 
in this study relationships involving mAs and FSD should be interpreted as expected consequences of the dose 
calculation model and AEC controlled exposure rather than as independent causal effects. In digital 
radiography, routine monitoring of exposure indicators such as exposure index alongside technique and 
geometry parameters is recommended to control variability and mitigate exposure creep [16,17]. Overall, the 
present results are best regarded as an initial local baseline to support subsequent audits using larger cohorts 
and more comprehensive parameter documentation, including field size or collimation, AEC chamber 
selection, grid use, filtration or HVL, exposure index, and positioning related patient to detector gap [13,17]. 

 
4. Conclusion 

An observational descriptive exploratory pilot audit was performed on 10 adult PA chest radiographic 
examinations using a routine protocol with tube voltage fixed at 125 kVp and SID fixed at 180 cm. The 
estimated INAK ranged from 0.07 mGy to 0.13 mGy with a mean of 0.097 mGy, while the estimated ESAK 
ranged from 0.09 mGy to 0.17 mGy with a mean of 0.13 mGy, and ESAK was consistently higher than INAK 
because it includes backscatter. Within this dataset, variations in ESAK were consistent with differences in 
AEC selected mAs and with patient specific geometry represented by estimated FSD derived from SID and 
chest thickness, while higher body weight tended to coincide with higher mAs and higher ESAK. These 
patterns should be interpreted as descriptive and as expected sensitivity of the dose calculation model and AEC 
controlled exposure, rather than as independent causal effects. The mean ESAK in this pilot dataset was below 
the BAPETEN reference level or IDRL of 0.2 mGy, providing an initial facility baseline for optimization 
benchmarking. However, conclusions are limited by the small sample size, the use of a constant BSF, and 
incomplete documentation of key technical factors such as field size or collimation, filtration or HVL, grid 
use, AEC chamber selection, exposure index, and patient to detector gap. Future audits with larger cohorts and 
more complete parameter recording are recommended to strengthen local dose monitoring and optimization. 
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