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Radiation exposure in mammography can vary considerably across centers, potentially affecting both diagnostic quality and patient safety. In
Trujillo, Peru, no locally adjusted absorbed dose values were previously available. Therefore, the objective of this study was to establish local
diagnostic reference levels (LDRLs) for digital mammography within the EsSalud hospital network (Social Health Insurance) in Trujillo.
A retrospective, multicenter study was conducted in three hospitals, analyzing 133 digital mammograms acquired with Hologic Selenia
Dimensions systems. Technical parameters such as kilovoltage, tube load, compression force, compressed breast thickness, and average
glandular dose (AGD) were collected and processed using automated systems. The LDRLs, defined as the 75th percentile of the AGD
distribution, were determined for the craniocaudal (CC) and mediolateral oblique (MLO) projections. Multiple linear regression analysis
was performed to identify independent predictors of AGD. The proposed LDRLs were 1.78 mGy for CC and 2.12 mGy for MLO, values
well below the reference level of 3 mGy recommended by the Basic Safety Standards of the International Atomic Energy Agency (IAEA),
and30 − 39% lower than the regional LDRLs previously reported for direct digital radiography (DDR) systems in Latin America. Tube
load (β = 0.886, p < 0.001 for CC; β = 0.572, p < 0.001 for MLO) and compressed breast thickness (β = 0.193, p < 0.001 for CC;
β = 0.297, p = 0.001 for MLO) were identified as the most significant technical predictors of AGD. The established LDRLs demonstrate
optimized dosimetric practices within the EsSalud network in Trujillo, ensuring that patient doses are appropriate, consistent, and aligned
with international standards. Their implementation will facilitate ongoing dose monitoring, protocol standardization, and the strengthening
of radiation protection in breast cancer screening programs.
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1. Introduction

The concept of Diagnostic Reference Level (DRL), intro-
duced by the International Commission on Radiological Pro-
tection (ICRP) in 1996, represents a fundamental strategy for
optimizing radiation protection in the medical field. DRLs
should not be interpreted as dose limits, but rather as guide
values that allow the identification of whether clinical prac-
tices remain within a reasonable range of radiation exposure,
balancing dose and diagnostic quality [1]. Their implemen-
tation, together with the development of dose management
systems (DMS), has facilitated the collection, storage, and
analysis of technical exposure parameters, promoting a cul-
ture of safety in radiology [1,2].

The World Health Organization (WHO) recommends
mammography as a crucial tool for the early detection of
breast abnormalities in women over 40 years of age. These
studies are carried out in the context of population screening
programs for the detection of subclinical lesions and in a di-
agnostic setting for symptomatic patients. The WHO stresses
the importance of performing both types of procedures under

strict principles of radiological optimization to minimize as-
sociated risks [3].

Although radiation doses in mammography are relatively
low, the risk of inducing breast cancer is not negligible, espe-
cially in periodic exposures due to the cumulative nature of
radiation [4]. The ICRP, in its Publication 103 (2007), assigns
a tissue weighting factor (wT ) of 0.12 to breast tissue, high-
lighting its high radiosensitivity and significant contribution
to the risk of stochastic effects [5]. For this reason, the Eu-
ropean Commission’s RP180 report establishes the average
glandular dose (AGD) as the reference dosimetric parameter
in mammography. The AGD is a reliable estimator of the ef-
fective dose in the target organ, making it a valuable tool to
assess radiological risk, especially in population and screen-
ing studies [5]. The calculation of AGD depends on multi-
ple anatomical and technical variables, such as the number
of projections, exposure conditions, and breast compression,
among others [5].

One of the most significant risks associated with mam-
mograms is the possibility that they can cause breast cancer
through exposure to ionizing radiation. Although the doses
administered on mammograms are relatively low compared
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to other radiological procedures, the risk cannot always be
considered negligible, especially if radiation exposure is car-
ried out periodically during patient follow-up, as radiation is
cumulative in nature [6].

The objective of this study was to establish local diagnos-
tic reference levels (LDRLs) for digital mammography in the
EsSalud network in Trujillo, Peru, based on technical expo-
sure parameters and AGD. Having local LDRLs is essential
for evaluating and optimizing local practices, ensuring that
the doses administered in mammography are adequate, uni-
form, and aligned with international standards of good prac-
tice [7,8]. In Trujillo, where the infrastructure for screening
and diagnostic programs continues to expand, the absence of
local reference values makes it necessary to use international
data or data from other regions of the country, which do not
always reflect the technological, operational, and population
conditions of the city. In this context, the establishment of
LDRLs provides an objective framework for evaluating the
actual exposure of patients, identifying opportunities for op-
timization, and strengthening radiation protection in digital
mammography.

2. Materials and methods

Study design and population

The study was conducted in the city of Trujillo, located in the
La Libertad region of northern Peru, which has 20 mammog-
raphy units distributed across public and private healthcare
facilities. Three of these units belong to the EsSalud network
and were included in the present analysis. The evaluated pop-
ulation consisted of adult women aged 39 to 91 years who
underwent digital mammography. According to the Peruvian
Ministry of Health (MINSA), breast cancer screening is rec-
ommended for asymptomatic women aged 40 to 69 years,
with mammography performed every two years [9]. In Tru-
jillo, the estimated female population within this screening
age range is approximately 146,231 women [10]. This retro-
spective, multicenter study assessed radiation exposure lev-
els in digital mammography using AGD as the primary dosi-
metric indicator. Data were collected from the three EsSalud
hospitals in Trujillo between August and November 2024. A
total of 133 bilateral digital mammography studies were in-
cluded, each comprising craniocaudal (CC) and mediolateral
oblique (MLO) projections for both breasts. Inclusion cri-
teria required complete digital examinations with adequate
image quality and available exposure parameters; incomplete
or repeated studies were excluded. All examinations were ac-
quired using Hologic Selenia Dimensions systems, with se-
rial numbers 81009132682 (Hospital A), 8101155810 (Hos-
pital B), and 194110810602 (Hospital C).

Estimation of the mean glandular dose

The AGD for each exposure was obtained directly from the
mammography system’s DICOM headers. The Hologic Se-

lenia Dimensions units calculate the AGD internally using a
standardized methodology based on the model developed by
Danceet al. [11], which employs the following equation:

AGD = K · g · c · s, (1)

where

K: Kerma in air on the entrance surface of the breast.
This value, provided by the manufacturer, represents
the dose on the breast surface,

g: Conversion coefficient that adjusts the dose absorbed
by glandular tissue according to the thickness of the
breast and the half-value layer (HVL),

c: Correction factor that adjusts deviations from standard
breast glandular density (50%),

s: X-ray spectrum correction factor, which varies depend-
ing on the combination of anode and filter.

To ensure the precision of the dosimetric values reported
by the equipment, comprehensive quality control (QC) tests
were performed on all mammography units prior to and dur-
ing the study period, following the radiodiagnostic standards
established by the Peruvian Technical Standard “Radiologi-
cal Protection Requirements in Medical Diagnosis with X-
rays” [12]. These QC tests included verification of tube volt-
age accuracy, tube output (kerma in air), half-value layer
(HVL) and automatic exposure control (AEC) performance.
The results confirmed that all systems operated within accept-
able dosimetric tolerances, thus validating the AGD values
used to establish LDRLs.

Data collection and parameter extraction

The following technical parameters were recorded for
each mammographic exposure: compressed tissue thickness
(mm), breast compression force (N), tube voltage (kV), and
tube load (mAs). All parameters were automatically regis-
tered by the mammography system for each exposure. The
parameter values were directly retrieved from the corre-
sponding DICOM headers generated by the equipment for
each image.

Statistical analysis

All statistical analyses were performed using IBM SPSS
Statistics software (version 30.0; IBM Corp., Armonk, NY,
USA). Descriptive statistics were calculated for all variables,
including AGD, technical parameters (tube voltage, tube
load, compression force, and compressed breast thickness),
and patient age. These statistics included the mean, stan-
dard deviation, minimum, maximum, and the 25th, 50th, and
75th percentiles (P25, P50, and P75). LDRLs were estab-
lished as the 75th percentile (P75) of the AGD distribution
for the CC and MLO projections, in accordance with interna-
tional recommendations [13]. The distribution of AGD was
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assessed using the Shapiro–Wilk test. As AGD did not follow
a normal distribution, nonparametric methods were applied.
Bivariate associations between AGD and technical exposure
parameters were evaluated using Spearman rank correlation
coefficients, separately for CC and MLO projections. Scat-
ter plots were used for exploratory visualization of the direc-
tion and strength of these associations. Multiple linear re-
gression analyses were subsequently performed to identify
independent predictors of AGD. Separate regression models
were constructed for the CC and MLO projections to assess
the influence of technical parameters on AGD in each view.
Standardized regression coefficients (β) were reported to al-
low comparison of the relative contribution of each predictor.
Finally, AGD values obtained from EsSalud hospitals in Tru-
jillo were compared with those reported in other Latin Amer-
ican studies using the same descriptive statistical approach.

3. Results

Technical parameters and establishment of LDRLs

The retrospective analysis included 133 digital mammograms
performed at three hospitals in the EsSalud network in Tru-
jillo, using Hologic Selenia Dimensions equipment. Table I
summarizes the technical parameters and average AGD val-
ues per projection (CC and MLO). In the CC projection, the
average compressed breast thickness was 54.93± 10.69 mm,

while in the MLO projection it was 60.65± 13.20 mm. The
average compression force was86.66 ± 19.75 N (CC) and
98.98± 26.11 N (MLO). The tube voltage ranged from 24 to
32 kV for CC and 25 to 39 kV for MLO, while the tube load
varied from 36 to 310 mAs (CC) and 10 to 316 mAs (MLO).
The joint analysis of the three institutions allowed us to es-
tablish average AGD values of 1.48± 0.50 mGy (CC) and
1.86± 0.63 mGy (MLO), with P75 values of 1.78 mGy and
2.12 mGy, respectively, which would be the proposed LDRLs
for the city of Trujillo.

Comparison of average, minimum, and maximum AGD
in CC and MLO projections between Latin American
countries and Trujillo, Peru

Tables II and III compare the AGD for the CC and MLO
projections, respectively, in hospitals from Trujillo with data
from seven Latin American countries participating in the
IAEA ARCAL LXXV - RLA/9/048 project [14]. This study
included 14 mammography units, of which 11 were analog
and only 2 were direct digital (DDR). For the CC projection
(Table II, Fig. 1), the average AGD in Trujillo was 1.48 mGy
(range: 0.49 − 3.15 mGy), a value below the regional P75
reported in the study, which was 2.82 mGy. Similarly, in the
MLO projection (Table III, Fig. 2), the average AGD was
1.86 mGy (range: 0.60-3.72 mGy), also lower than the cor-
responding regional P75 of 3.72 mGy.

TABLE I. Parameters recorded in each hospital, specifying the range, average, and standard deviation per projection.

Hospital A Hospital B Hospital C Trujillo

Projection CC MLO CC MLO CC MLO CC MLO

Number of 50 50 43 43 40 40 133 133

studies

Tube Range 27-32 27-35 25-31 26-39 24-27 25-33 24-32 25-39

Voltage Average 30.46± 30.86± 28.60± 29.60± 25.68± 28.43± 28.42± 29.72±
(kV) σ 1.20 1.39 1.35 1.97 0.80 2.44 2.27 2.17

Tube Range 47-199 10-201 85-310 101-316 36-225 63-207 36-310 10-316

Load Average 117.98± 139.84± 151.84± 173.91± 115.06± 135.02± 128.05± 149.40±
(mAs) σ 30.98 36.27 49.79 46.65 40.33 38.37 43.58 43.69

Age Range 39-91 39-91 32-76 32-76 30-72 42-72 30-91 32-91

(years) Average 57.30± 57.30± 55.19± 55.19± 51.93± 57.08± 55.00± 56.60±
σ 10.40 10.40 8.85 8.85 13.05 8.32 10.97 9.26

Breast Range 37–83 37–99 20–62 26–76 27–72 27–88 20–83 26–99

Thickness Average 61.22± 70.00± 48.67± 54.30± 53.80± 55.80± 54.93± 60.65±
(mm) σ 8.48 11.06 8.98 10.16 10.71 12.02 10.69 13.20

Compression Range 22–111 22–156 80–111 85–142 45–125 45–147 22–125 22–156

(N) Average 84.25± 99.77± 95.73± 109.25± 79.93± 86.92± 86.66± 98.98±
σ 25.13 32.29 7.70 12.19 17.88 23.93 19.75 26.11

AGD (mGy) Range 1–3 1–3 1–3 1–3 1–3 1–4 1–3 1–4

Average 1.36± 1.75± 1.53± 1.81± 1.59± 2.04± 1.48± 1.86±
σ 0.43 0.44 0.52 0.56 0.54 0.83 0.50 0.63

P75 1.57 1.99 1.86 2.04 1.87 2.63 1.78 2.12

Rev. Mex. Fis.72041101



4 C. QUEREBALÚ GARĆIA et al.,

FIGURE 1. AGD with range (minimum and maximum) for CC
mammograms for each country, for Latin America and hospitals
in the EsSalud network. Data for Latin American countries were
adapted from the IAEA ARCAL LXXV - RLA/9/048 project [14].

FIGURE 2. AGD with range (minimum and maximum) for MLO
mammograms for each country, for Latin America and hospitals
in the EsSalud network. Data for Latin American countries were
adapted from the IAEA ARCAL LXXV - RLA/9/048 project [14].

TABLE II. AGD for CC mammography studies for each country, for Latin America and for hospitals in the EsSalud network.

Country/ Number of Minimum Average Maximum P25 P50 P75 Max/

Hospital studies (mGy) (mGy) (mGy) (mGy) (mGy) (mGy) Min

Nicaragua 40 0.84 1.36 2.62 1.01 1.29 1.90 3.12

Costa Rica 121 0.72 1.63 3.85 0.96 1.36 2.16 6.35

Peru 20 1.06 2.04 5.75 1.31 1.75 2.27 5.42

Brazil 53 1.18 2.07 3.04 1.79 2.08 2.51 3.70

Cuba 67 1.47 2.39 3.42 1.87 2.55 2.74 2.33

Uruguay 20 1.42 2.43 4.35 1.80 2.27 2.91 3.63

Chile 11 2.51 3.53 6.56 2.83 3.36 3.51 2.61

America 332 0.72 2.21 6.56 1.16 2.08 2.82 9.10

Hospital A 50 0.49 1.36 2.47 1.02 1.28 1.57 5.04

Hospital B 43 0.88 1.53 3.15 1.13 1.38 1.86 3.58

Hospital C 40 0.71 1.59 3.15 1.31 1.49 1.87 4.44

Trujillo 133 0.49 1.48 3.15 1.09 1.40 1.78 6.43

Note: Data for Latin American countries (Nicaragua, Costa Rica, Peru, Brazil, Cuba, Uruguay, Chile and America) were obtained from the IAEA ARCAL

LXXV - RLA/9/048 project [14]. The regional 75th percentile (P75) value reported in that study was 2.82 mGy for CC.

Comparison of P75 AGD in CC and MLO projections
among Latin American countries and Trujillo, Peru

For comparative context, the P75 AGD values from Trujillo
were placed alongside regional data from a large-scale Latin
American study by Moraet al. [15], which included 13 coun-
tries and reported DRLs by imaging technology. Figure 3
presents the P75 AGD values reported for direct digital ra-
diography (DDR), computed radiography (CR), and analog
systems across the region for both CC and MLO projections.
The P75 AGD value for the CC projection in Trujillo (1.78
mGy) was 39% lower than the regional DDR benchmark of
2.93 mGy [15]. For the MLO projection, the local value (2.12
mGy) was 30% lower than the corresponding regional DDR
benchmark of 3.04 mGy [15]. As shown in Fig. 3, although
the AGD values from Trujillo hospitals easily comply with
the 3 mGy DRL established in the IAEA Basic Safety Stan-

dards Publication No. 115 [16], it is more relevant to compare
them against more recent and stringent benchmarks. Updated
protocols from the UK, Europe, and the IAEA Human Health
Series [15] define an acceptable AGD≤2.5 mGy and an opti-
mal or “achievable” AGD≤2.0 mGy. Applying these criteria
to our results, the P75 AGD for CC (1.78 mGy) falls below
the achievable level (2.0 mGy), while the P75 AGD for MLO
(2.12 mGy) lies between the achievable (2.0 mGy) and ac-
ceptable (2.5 mGy) levels.

Correlation analysis between AGD and technical param-
eters

The relationship between AGD and technical parameters was
evaluated using Spearman rank correlation coefficients, as
AGD did not follow a normal distribution (Shapiro-Wilk test,
p < 0.001). In both CC and MLO projections, AGD showed
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TABLE III. AGD for MLO mammography studies for each country, for Latin America and hospitals in the EsSalud network.

Country/ Number of Minimum Average Maximum P25 P50 P75 Max/

Hospital studies (mGy) (mGy) (mGy) (mGy) (mGy) (mGy) Min

Nicaragua 40 0.93 2.47 6.72 1.72 2.42 3.51 7.23

Costa Rica 105 0.83 1.95 6.67 1.24 1.58 2.47 8.04

Peru 20 0.42 2.64 6.06 1.72 2.23 3.32 14.43

Brazil 53 1.09 2.25 4.38 1.84 2.26 2.71 4.02

Cuba 202 1.62 2.53 3.39 2.19 2.57 2.67 2.09

Uruguay 20 1.42 2.93 5.20 2.15 2.98 3.94 3.66

Chile 14 1.82 3.66 5.12 3.16 3.62 4.25 2.81

America 454 0.42 2.63 6.72 1.72 2.42 3.72 16.00

Hospital A 50 0.60 1.75 2.51 1.60 1.80 1.99 4.18

Hospital B 43 0.99 1.81 3.34 1.41 1.76 2.04 3.37

Hospital C 40 0.76 2.04 3.72 1.36 1.77 2.63 4.90

Trujillo 133 0.60 1.86 3.72 1.41 1.79 2.12 6.20

Note: Data for Latin American countries (Nicaragua, Costa Rica, Peru, Brazil, Cuba, Uruguay, Chile and America) were obtained from the IAEA ARCAL

LXXV - RLA/9/048 project [14]. The regional 75th percentile (P75) value reported in that study was 3.72 mGy for MLO.

FIGURE 3. Comparison of P75 AGD values for CC and MLO projections across Latin American countries and Trujillo (Peru), relative
to international DRLs. Data for Latin American countries were adapted from Moraet al. [15]. For Mexico, additional data points from
SÃ¡nchezet al. [17] are included (CC:× symbol; MLO:∗ symbol).

a strong positive correlation with tube load (CC:ρ = 0.81,
p < 0.001; MLO: ρ = 0.65, p < 0.001) and a moderate
positive correlation with compressed breast thickness (CC:
ρ = 0.39, p < 0.001; MLO: ρ = 0.41, p < 0.001). In the CC
projection, AGD was moderately and negatively correlated

with patient age (ρ = −0.44, p < 0.001), while no signifi-
cant association was observed with tube voltage (ρ = 0.15,
p = 0.095) or compression force (ρ = 0.05, p = 0.572).
In the MLO projection, AGD showed a weak positive cor-
relation with tube voltage (ρ = 0.20, p = 0.021) and a weak
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FIGURE 4. Relationship between AGD and compression in CC and
MLO projections for hospitals in the EsSalud network.

FIGURE 5. Relationship between AGD and Breast thickness in CC
and MLO projection for hospitals in the EsSalud network.

negative correlation with age (ρ = −0.32, p < 0.001),
whereas compression force was not significantly associated
with AGD (ρ = −0.07, p = 0.415).

These correlations are visualized in Figs. 4 and 5, which
illustrate the relationship between AGD and compression
force, and between AGD and breast thickness, respectively,
for both projections across the three hospitals evaluated.

Multivariate analysis of AGD predictors

Multiple linear regression analyses were performed to iden-
tify independent technical predictors of AGD, separately for
the CC and MLO projections. For the CC projection, the re-
gression model was statistically significant (F = 87.018, p <
0.001) and explained 77.4% of the variability in AGD (R2 =
0.774). Tube load (β = 0.886, p < 0.001), breast thickness
(β = 0.193, p < 0.001), and tube voltage (β = −0.253, p <
0.001) were identified as significant independent predictors,
whereas compression force did not show a significant as-
sociation with AGD (β = −0.053, p = 0.246). For the
MLO projection, the model was also statistically significant

(F = 21.908, p < 0.001), explaining 46.3% of the vari-
ability in AGD (R2 = 0.463). Significant independent pre-
dictors included tube load (β = 0.572, p < 0.001), breast
thickness (β = 0.297, p = 0.001), compression force (β =
−0.200, p = 0.005), and tube voltage (β = −0.197, p =
0.029). In both models, patient age was not significantly as-
sociated with AGD (CC:p = 0.411; MLO: p = 0.328).

4. Discussion

This study establishes, for the first time, LDRLs for digi-
tal mammography within the EsSalud network in Trujillo,
Peru. Based on the combined analysis of three institutions,
mean AGD values of 1.48± 0.50 mGy for the CC projec-
tion and 1.86± 0.63 mGy for the MLO projection were
obtained, with corresponding P75 values of 1.78 mGy and
2.12 mGy. These values are proposed as regional LDRLs
and fall well within the achievable optimization levels (< 2.5
mGy) recommended by UK, European, and IAEA Human
Health Series guidelines [15], indicating a dosimetric prac-
tice consistent with established radiological protection prin-
ciples. When compared with the multicenter Latin American
study by Moraet al. [15], which included 13 countries and
a wide range of mammography technologies (analog, CR,
and DDR), the LDRLs obtained in Trujillo are notably lower.
Mora et al. reported P75 values for the CC projection of
2.93 mGy (DDR), 2.59 mGy (CR), and 2.63 mGy (analog),
and for the MLO projection of 3.04 mGy (DDR), 2.78 mGy
(CR), and 3.17 mGy (analog). In this context, the Trujillo
LDRLs are approximately 39% lower for CC and 30% lower
for MLO compared with the regional DDR reference values.
This finding is particularly noteworthy given that Moraet al.
restricted compressed breast thickness to a narrow range of
4-6 cm, whereas in the present study thickness ranged from
2.0 to 9.9 cm, a factor that would theoretically be expected to
increase glandular dose. Similarly, the AGD values obtained
in this study remain below the reference levels established in
the ARCAL LXXV - IAEA RLA/9/048 program [14], which
reported P75 values of 2.82 mGy for CC and 3.72 mGy for
MLO, primarily based on analog mammography systems. As
illustrated in Fig. 3, LDRLs reported for analog and CR sys-
tems across the region are consistently higher than those ob-
served in the evaluated Trujillo centers, all of which oper-
ate with DDR technology. While this trend is not uniformly
observed in all Latin American countries, such as Paraguay
and Brazil, the present results confirm that technological tran-
sition alone does not guarantee dose optimization. Rather,
in the Trujillo centers, the combination of DDR technology
with well-calibrated equipment and optimized clinical proto-
cols has enabled a safer dosimetric practice. Despite overall
compliance with international recommendations, variations
in AGD were observed between hospitals and between pro-
jections. Although these differences remain within accept-
able limits, they highlight the need for continued evaluation
and harmonization of exposure practices and operational pro-
tocols. Consistent with the literature, AGD values were sys-
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tematically higher in the MLO projection than in the CC pro-
jection [14-18], reflecting the greater anatomical complex-
ity and tissue thickness typically involved in MLO acqui-
sitions. The correlation analysis underscores the dominant
influence of exposure-related parameters on AGD in both
mammographic projections. In particular, the strong asso-
ciation between tube load and AGD confirms that mAs se-
lection remains the primary determinant of glandular dose,
reflecting the direct proportionality between photon fluence
and absorbed dose. Additionally, the consistent positive as-
sociation between compressed breast thickness and AGD re-
inforces the critical role of anatomical factors in dose mod-
ulation, especially in the MLO projection, where tissue het-
erogeneity and the inclusion of the pectoral muscle increase
effective attenuation. In contrast, the weaker and projection-
dependent relationships observed for tube voltage and com-
pression force suggest that their influence on dose is partially
mediated by automatic exposure control algorithms and lo-
cal acquisition strategies. The lack of a consistent associa-
tion between patient age and AGD further supports the con-
cept that age does not directly determine dose, but rather acts
indirectly through changes in breast composition and thick-
ness. These observations are further supported by the mul-
tivariate analysis, which provides valuable insights for dose
optimization. The identification of tube load and tube volt-
age as the strongest predictors of AGD in both projections
aligns with the findings of Williamset al. [19], who em-
phasized exposure parameter control as the most effective
approach to optimization. The inverse relationship between
tube voltage and AGD is also consistent with the work of
Hermannet al. [20], who reported that increasing peak volt-
age by 2 kVp can reduce AGD by approximately 7% for a
given target-filter combination. Compression force exhib-
ited a projection-dependent behavior. While its influence on
AGD was limited in the CC projection, a clearer associa-
tion was observed in the MLO view. This finding contrasts
with the results of Waadeet al. [18] from the Norwegian
Breast Cancer Screening Program, where compression force,
when analyzed independently, showed a negligible impact
on radiation dose, despite similar mean compression values.
The discrepancy may be attributed to differences in breast
thickness variability and the inclusion of the pectoral mus-
cle in MLO projections, where effective compression more
substantially reduces irradiated volume and, consequently,
delivered dose. Consistent with these findings, compressed
breast thickness emerged as the main physical determinant of
AGD in both projections. Comparable results were reported
by Albeshanet al. [21], who observed significant correla-
tions between breast thickness and AGD with mean thick-
ness values close to those observed in the present population.
This consistency across studies reinforces the fundamental
role of breast thickness in mammographic dose, independent

of population characteristics or geographic setting. In con-
trast, patient age showed no direct association with AGD in
this study. This differs from reports by Albeshanet al. [21]
and Śanchezet al. [17], who observed decreasing AGD with
increasing age, attributed to reduced glandular density and
thinner compressed breasts in older women. Complementar-
ily, Noor et al. [8] highlighted that the lifetime attributable
risk of radiation-induced cancer decreases with age due to
reduced tissue radiosensitivity. Taken together, these find-
ings suggest that age influences dose primarily through in-
direct anatomical and compositional changes rather than as
an independent dosimetric factor. Overall, the results con-
firm that digital mammography practices within the EsSalud
network in Trujillo are well optimized and aligned with the
radiological protection principles established by ICRP Pub-
lication 103 [5] and the IAEA Basic Safety Standards [22].
The uniform use of DDR technology allowed observed dose
variations to be attributed mainly to anatomical and technical
factors-such as breast thickness, compression, tube voltage,
and tube load-rather than to equipment calibration or AEC
performance. Nevertheless, the inter-institutional variabil-
ity observed underscores the importance of maintaining ro-
bust quality assurance programs and continuous professional
training. The proposed LDRLs of 1.78 mGy for CC and 2.12
mGy for MLO represent an efficient dosimetric practice and
provide a solid foundation for the future establishment of na-
tional diagnostic reference levels for mammography in Peru.

5. Conclusions

This study established, for the first time, Local Diagnos-
tic Reference Levels (LDRLs) for digital mammography
within the EsSalud network of Trujillo, Peru, with values of
1.78 mGy for the craniocaudal (CC) projection and 2.12 mGy
for the mediolateral oblique (MLO) projection. These results
demonstrate that local dosimetric practices are not only ap-
propriate and consistent but also highly optimized, remain-
ing below the reference level of 3 mGy recommended by
the IAEA Basic Safety Standards Publication No. 115 [16]
and being30 − 39% lower than the values reported for digi-
tal systems in Latin America [15]. The multivariate analysis
confirmed that breast thickness and tube load (mAs) are the
main technical predictors of glandular dose, while adequate
breast compression contributes to reducing exposure without
compromising diagnostic quality. The systematic implemen-
tation of these LDRLs will ensure that mammography doses
remain aligned with international standards of good practice,
serving as a foundation for the development of national ref-
erence levels. Altogether, these findings strengthen the opti-
mization of mammographic practice in Trujillo and reinforce
a patient-centered radiation protection culture.
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