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Abstract

Proper patient positioning is important in digital mammography, as even minor deviations can
compromise image quality, increase retake rates, and increase radiation exposure. This study
aimed to evaluate the influence of conventional versus optimized positioning techniques on image
clarity, radiation dose, and retake frequency in women undergoing routine mammographic
screening. This comparative study was conducted over ten months at a private hospital and a diag-
nostic center in Sargodha and included 60 women aged 40 to 60 years who were undergoing digital
mammography by using both conventional and optimized positioning techniques during the same
session. Image quality was independently assessed by two blinded radiologists using a standard-
ized five-point scale adapted from the perfect, good, moderate, inadequate (PGMI) classification (5
= perfect, 4 = good, 3 = moderate, 2 = suboptimal, 1 =inadequate), and the radiation dose per image
and retake rates were recorded. The results of this study revealed that compared with the conven-
tional technique, optimized positioning significantly improved the image quality score (mean: 4.28
+0.51 versus 3.62 + 0.67; p<0.001). The percentage of images rated as “perfect” or “good” increased
under the optimized method, particularly in mediolateral oblique (MLO) views. Although the opti-
mized technique resulted in a slight, nonsignificant increase in the radiation dose [2.11 + 0.26 mil-
ligray (mGy) versus 2.04 + 0.30 mGy; p = 0.139], it significantly reduced retake rates from 13.3% to
3.3% (McNemar exact p = 0.021). No significant period or carryover effect was detected between
the two application-order subgroups (Mann-Whitney p = 0.16 for dose and p = 0.57 for image qual-
ity), supporting the adequacy of the 5-minute wash-out and the validity of the paired comparison.
The study concluded that optimized patient positioning enhances image quality and reduces the
need for repeat exposures without significantly increasing the radiation dose.
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1. Introduction

Digital mammography remains the basis of early breast cancer detection, offering
detailed visualization of breast tissues [1]. However, achieving high-quality diagnostic
images depends on several technical factors, one of the most critical being proper patient
positioning [2,3]. Improper positioning may hide vital anatomical structures, leading to
inaccurate diagnosis or the need for image repetition [4]. Radiographers play a key role
in ensuring standardized positioning to maintain image clarity. Despite advancements in
mammographic technology, image quality is still heavily dependent on human tech-
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nique. Thus, technical proficiency in positioning remains a core determinant of diagnos-
tic success [5,6,7].

Patient positioning not only influences image clarity but also directly affects radia-
tion exposure. In mammography, the “as low as reasonably achievable” (ALARA) princi-
ple is important for balancing diagnostic quality with minimal radiation dose [8]. Im-
proper positioning may necessitate retakes, leading to increased cumulative radiation for
the patient. Moreover, substandard images can result in delayed diagnoses or additional
imaging modalities, both of which increase patient anxiety and healthcare costs. Scien-
tific evidence suggests that even minor deviations from ideal positioning protocols can
alter radiation absorption and tissue visibility [9,10].

Retake rates on mammography are a measurable outcome linked to patient posi-
tioning accuracy. High retake frequencies indicate systemic flaws in the technique,
workflow, or training of healthcare professionals [11,12]. These retakes not only burden
radiology departments but also compromise patient experience and throughput. Incon-
sistent practices across radiographers can introduce variability in image quality, reduc-
ing the reliability of screening programs [13]. This is particularly critical in breast cancer
screening programs, where accuracy and efficiency are paramount. Therefore, stand-
ardizing and evaluating positioning techniques is essential for ensuring diagnostic con-
sistency and operational efficiency [14,15].

Digital mammography protocols vary slightly across institutions, but all emphasize
positioning landmarks such as the nipple profile, pectoral muscle visibility, and proper
inclusion of breast tissue [16,17]. Despite these standards, radiographers may face chal-
lenges such as patient discomfort, anatomical diversity, or time constraints, which im-
pact their ability to consistently apply optimal techniques [18]. Additionally, tailored po-
sitioning strategies are needed for certain patient populations, such as those with dense
breasts or mobility limitations. Identifying technique variations that yield the best out-
comes across diverse populations is critical. A systematic evaluation allows the refine-
ment of approaches to fit a broad clinical spectrum [19,20].

Given the increasing importance of personalized, patient-centered imaging, the role
of precise, evidence-based positioning cannot be ruled out, and the integration of tech-
nique-based training modules, along with real-time feedback tools, may reduce position-
ing errors and improve image reproducibility. This study aims to determine the influence
of different positioning techniques on image clarity, radiation exposure, and retake pro-
portions using a comparative, paired design by linking techniques with measurable out-
comes. These findings may inform both clinical practice and educational curricula.

2. Materials and methods
2.1. Study design

This was a comparative study conducted over ten months (January to October 2025),
in which each participant was imaged with both positioning techniques during the same
session and therefore served as her own control (a paired, within-subject comparison).

2.2. Ethical considerations

Ethical approval was obtained from the Institutional Review Board of Rai Medical
College, Sargodha, Pakistan (No. IRB/RMCS/2025/012). All participants provided written
informed consent prior to participation. The study adhered to the Declaration of Helsinki
and all relevant local ethical guidelines.
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2.3. Study setting

The study was conducted in the radiology department of a private hospital and a
diagnostic center in Sargodha. Permission for data collection was obtained from both fa-
cilities prior to the study.

2.4. Participant recruitment

The study included women who were 40 to 60 years of age, who were scheduled for
routine digital mammography screening, who were asymptomatic with no prior history
of breast surgery or implants and whose ability to comply with repositioning instruc-
tions. Patients with ongoing chemotherapy or radiotherapy, recent trauma, or limited
upper limb mobility were excluded from the study.

2.5. Sample size and sampling technique

The sample size was determined using the formula for two-sample mean compari-
son (independent t test), which was applied through the SPSS Sample Size module (ver-
sion 25.0) and verified manually. Assuming a confidence level of 95% (Zq, = 1.96), a sta-
tistical power of 80% (Zg = 0.84), a pooled standard deviation of 0.65 derived from prior
pilot data, and an anticipated mean difference of 0.6 points between conventional and
optimized positioning techniques, the minimum required sample size was calculated as
19 participants per group. Because the study comprised a single group of participants,
each of whom was imaged with both techniques and served as her own control (a paired,
within-subject design), this represents a conservative over-estimate of the requirement;
a total of 60 participants were recruited to allow for potential dropouts, providing ample
power for the paired analyses used in this study. These values were informed by previous
research on radiographer positioning and mammographic image quality and studies on
radiation dose optimization in mammography [21]. A purposive sampling technique was
used to recruit 60 eligible participants who met the inclusion criteria.

2.6. Study measures

A modified structured instrument was used to obtain the sociodemographic infor-
mation of the participants, followed by a checklist to evaluate three core variables,
namely, image clarity, retake frequency, and radiation exposure.

2.7. Study instrument

The study used a modified structured instrument to record the sociodemographics
of the participants, including age in years; socioeconomic strata, such as low, middle and
high (defined by monthly household income: low, below Pakistani rupee (PKR) 30,000;
middle, PKR 30,000-60,000; high, above PKR 60,000); education level, such as primary or
below, secondary and graduate or above; and occupation, such as unem-
ployed/housewife, skilled labor and professional. Furthermore, the perfect, good, mod-
erate, inadequate (PGMI) scale was used to measure image quality. Each image was
scored on a standardized five-point scale (5 = perfect, 4 = good, 3 = moderate, 2 = subop-
timal, 1 = inadequate) applied according to explicit PGMI criteria: nipple visualized in
profile, pectoral muscle demonstrated to the posterior nipple line on the mediolateral
oblique (MLO) view, depiction of the inframammary fold, absence of motion blur or skin
folds, and symmetric positioning [22]. Two radiologists independently scored every im-
age while blinded to the positioning technique, and the mean of the two ratings was used
for analysis. Only the averaged score was retained for each image; individual reader-level
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scores were not recorded. In this framework, the five-point score provided the continu-
ous quality measure, whereas the four PGMI grades (perfect, good, moderate, inade-
quate) provided the categorical classification reported in Table 3; the two were recorded
for every image. The radiation dose was recorded using the automatic dose reporting fea-
ture of the mammography system for each image acquired in the craniocaudal and MLO
views. The average glandular dose (AGD), expressed in milligray (mGy), was used as the
standard metric for radiation exposure, as it reflects the absorbed dose by glandular
breast tissue and is the internationally accepted parameter for mammographic dosime-
try. For each participant, AGD values were documented separately for craniocaudal and
MLO views under both conventional and optimized positioning techniques. The overall
mean radiation dose per patient was then calculated by averaging the AGD values across
all the views. Furthermore, the retention rate was defined as the proportion of mammo-
graphic images requiring repeat acquisition because of inadequate positioning, poor vis-
ualization of key anatomical structures, or technical deficiencies. It was calculated as the
percentage of repeated images out of the total number of images acquired for each posi-
tioning technique.

2.8. Positioning protocol
2.8.1. Technique A (conventional)

Standard institutional positioning involves minimal repositioning guidance, no ele-
vation adjustments, and standard compression.

2.8.2. Technique B (optimized)

Enhanced positioning involving pectoral muscle alignment, upward shoulder rota-
tion, and proper chin elevation was performed, and the nipple profile was confirmed. A
rest period of 5 minutes was maintained between techniques to reduce patient fatigue
and stress.

2.9. Data collection

Data were collected during mammography sessions where radiographers first posi-
tioned the patient using the conventional method, followed by the optimized technique,
or vice versa. Radiographers adhered to detailed protocols for each technique. The radi-
ation dose, number of retakes, and image quality scores were documented immediately
after image acquisition. Patient demographic data and clinical history were also recorded
through a brief structured interview.

2.10. Statistical analysis

Statistical analysis of the data was performed by using SPSS version 25.0. Descriptive
statistics were used to summarize the demographic data, image scores, and radiation
doses. Because each participant underwent both techniques, within-subject (paired)
methods were used throughout. The radiation dose (continuous) was compared using a
paired t test, and the mean difference with its 95% confidence interval and the standard-
ized effect size Cohen's dz were reported; the Wilcoxon signed-rank test was used as a
nonparametric alternative when paired differences departed from normality. Image-
quality scores (ordinal) were compared using the Wilcoxon signed-rank test with the
rank-based effect size r. Retake rates (paired binary outcome) were compared using
McNemar's exact test [23] rather than the chi-square test, which assumes independent
groups. To account for the two views (craniocaudal and MLO) nested within each partic-
ipant, a generalized estimation equation model (retake) and a mixed-effects model (im-
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age quality) were additionally fitted, with technique and view as fixed effects and the par-
ticipant as the clustering unit. Potential period/carryover effects were examined by com-
paring the differences in within-participant techniques between the two application-or-
der subgroups. Categorical sociodemographic balance was assessed using Fisher's exact
test. Analyses were performed in SPSS version 25.0; a two-sided p < 0.05 was considered
to indicate statistical significance.

3. Results

The age distribution of the participants is shown in Table 1, and the mean age of the
participants in the conventional first group was 48.9 + 5.5 years, whereas that in the op-
timized first group was 48.6 + 5.3 years. The most common age group across both groups
was 46-50 years (30%), followed by 51-55 years (26.7%).

Table 1. Age distribution of the participants.

Age Group Conventional First Optimized First Total Percentage

(in Years) (n=230) (n=230) (N) (%)
40-45 6 8 14 23.3
46-50 10 8 18 30.0
51-55 8 8 16 26.7
56-60 6 6 12 20.0

Mean + SD 48.9£5.5 48.6 £5.3 48.8+5.4 -

Table 2 presents a comprehensive overview of the sociodemographic characteristics
of the participants and highlights that the majority of the participants were predomi-
nantly middle class, with 46.7% falling into this category, followed by 36.7% from low-
income backgrounds and 16.7% from high-income households. Education levels were
fairly balanced, with 38.3% having completed secondary education, 31.7% holding grad-
uate or higher qualifications, and 30.0% having only primary or no formal education. The
majority of participants (68.3%) were unemployed or housewives. Skilled laborers ac-
counted for 18.3% of the participants, while 13.3% were professionals.

Table 2. Patients’ sociodemographics by type of intervention applied (N = 60).

. Conventional First  Optimized First Total Percentage
Variable Category

(n=30) (n=30) ™) (%)
Low 10 12 22 36.7
Socioeconomic status Middle 14 14 28 46.7
High 6 4 10 16.7
Primary or below 8 10 18 30.0
Education level Secondary 12 11 23 38.3
Graduate or above 10 9 19 31.7
Unemployed/housewife 20 21 41 68.3
Occupation Skilled labor 5 6 11 18.3
Professional 5 3 8 13.3

Among application-order subgroups, categorical variables were compared using the Fisher-Freeman-Halton
exact test (socioeconomic status p=0.743; education p=0.897; occupation p=0.853); none reached significance,
confirming baseline balance. Table 2 therefore serves as a balance check rather than an analysis of the
determinants of image quality.

Table 3 presents the results of a comparative analysis of image quality, radiation
dose, and retake rates and highlights a statistically significant improvement in image
quality with the optimized technique (mean score: 4.28 + 0.51) compared with the con-
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ventional approach (3.62 + 0.67), with a p value of <0.001. Notably, 33.3% of the images
obtained using the optimized method were rated as “perfect” versus only 13.3% with the
conventional technique. Both radiologists independently reviewed every image while
blinded to the positioning technique, and the mean of their two scores was used for anal-
ysis. Because only the averaged score was retained, inter-rater agreement could not be
quantified; this is acknowledged as a limitation.

In terms of the radiation dose, both techniques remained within acceptable diagnos-
tic reference levels. Although compared with the conventional technique, the optimized
technique resulted in slightly higher mean doses for both craniocaudal (2.04 + 0.25 mGy)
and MLO (2.17 + 0.28 mGy) views (1.98 + 0.29 and 2.10 + 0.33 mGy, respectively), these
differences were not statistically significant (p > 0.05). The overall average radiation dose
was also marginally greater in the optimized group (2.11 + 0.26 mGy versus 2.04 + 0.30
mGy), with a p value of 0.139. The mean paired differences (optimized minus conven-
tional) with 95% confidence intervals were as follows: craniocaudal +0.06 mGy (-0.02 to
0.14), MLO +0.07 mGy (-0.03 to 0.17), and overall +0.065 mGy (-0.02 to 0.15); all intervals
included zero, and the effect sizes were small (Cohen's dz of approximately 0.19), con-
firming that there was no significant dose penalty. Furthermore, the optimized technique
significantly reduced the retake rate, which decreased from 13.3% in the conventional
group to just 3.3% (per-image rate 16/120 versus 4/120). Using McNemar's exact test for
these paired data, 13 participants required a retake under the conventional technique
only versus 3 under the optimized technique only (exact p = 0.021); a generalized estima-
tion equation model gave an odds ratio of 0.22 (95% CI 0.05 to 0.92) for the optimized
technique. For image quality, the Wilcoxon signed-rank test confirmed the improvement
(Z2=-5.65, p<0.001; rank-based effect size r =0.73), and no significant period or carryover
effect was detected between the two application-order subgroups (Mann-Whitney p =
0.16 for dose and p = 0.57 for image quality), supporting the adequacy of the 5-minute
washout.

Table 3. Comparison of image quality, radiation dose, and retake rates between positioning
techniques (N = 60).

Conventional Technique Optimized Technique
Parameter p Value
(Mean + SD/n (%) (Mean + SD/n (%)
Image quality 3.62 £0.67 4.28 £0.51 <0.001 ™
Perfect 8 (13.3) 20 (33.3) -
Good 31 (51.7) 33 (55.0) -
Moderate 15 (25.0) 5(8.3) -
Inadequate 6 (10.0) 2 (3.3) -
Craniocaudal 1.98 £0.29 2.04+0.25 0.152
Radiation dose MLO 2.10+0.33 2.17+0.28 0.162
Overall average dose 2.04+0.30 2.11+0.26 0.139
Retake rate 16 (13.3) 4 (3.3) 0.021 ™

"MLO, Mediolateral oblique. ~ Denotes statistical significance (p < 0.05).  The p value for image quality refers
to the overall comparison of quality scores between techniques; individual category rows are descriptive.

4. Discussion

The results of this comparative study clearly demonstrate that optimized patient po-
sitioning significantly improves image quality in digital mammography. Compared with
the conventional technique, the optimized method yielded a greater proportion of im-
ages rated as “perfect” or “good,” with a statistically significant increase in mean image
clarity scores (p < 0.001). These improvements are attributed to more consistent visuali-
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zation of key anatomical structures, such as the nipple in profile and the pectoral muscle
in MLO views. This aligns with previous research emphasizing the impact of precise po-
sitioning on diagnostic accuracy and screening effectiveness.

Importantly, the study also revealed a significant reduction in the rate of retakes
with optimized positioning—from 13.3% in the conventional group to just 3.3%. These
findings highlight the clinical value of standardized, technique-driven positioning, which
not only improves diagnostic yield but also enhances departmental workflow and patient
output [24,25]. Fewer retakes reduce patient discomfort and anxiety and minimize delays
in reporting, ultimately leading to a more efficient and patient-centered screening pro-
cess [26,27].

Although the radiation dose was slightly greater with the optimized technique, the
difference was not statistically significant. This modest increase may be due to more
comprehensive tissue inclusion and proper compression in line with anatomical align-
ment rather than overexposure or equipment variability [28,29]. Since both techniques
remained within acceptable diagnostic reference levels, the slight increase in dose does
not compromise patient safety [30,31,32].

An exploratory, view-level observation suggested that the greatest improvement in
image quality occurred in the MLO view, likely because this view requires more complex
alignment of the pectoral muscle and inframammary fold [33,34]. Radiographers follow-
ing optimized protocols were able to consistently achieve better anatomical coverage in
the MLO views, which are essential for detecting lesions in the upper outer quadrant of
the breast—a common site for malignancy [35,36,37]. These findings reinforce the im-
portance of tailored training modules that emphasize difficult views and patient-specific
challenges.

In this study, the PGMI scale was used to determine image quality, the radiation dose
in the craniocaudal and MLO views was calculated, and the AGD and retake frequency
were determined and compared to those of two different scanning techniques, which
highlights the potential strengths of the study. However, this study has certain limita-
tions, including a relatively small sample size, and the data were obtained from only two
private facilities in a single city, which may affect the generalizability of the findings to
broader populations or to public-sector and tertiary care settings. Furthermore, this
study did not assess long-term outcomes such as diagnostic accuracy or cancer detection
rates. In addition, the use of purposive (nonprobability) sampling may introduce selec-
tion bias and limit statistical generalizability since the sample size calculation assumed
random sampling. Inter-rater reliability was not quantified because only the averaged
score of the two readers was recorded rather than their individual ratings; future studies
should retain reader-level scores to permit calculation of weighted kappa or the intra-
class correlation coefficient. The specific make and model of the mammography units
were not recorded at the time of data collection. Because each participant was imaged
with both techniques on the same unit within a single session, the within-subject com-
parison of the two techniques is not confounded by differences in equipment; however,
the absolute radiation-dose (AGD) values are device-dependent and should be inter-
preted with caution rather than benchmarked directly against external reference levels,
and the absence of equipment details limits exact reproducibility.

5. Conclusions

This study demonstrated that optimized patient positioning techniques significantly
increase image quality and reduce retake rates in digital mammography without causing
a significant increase in radiation exposure. These findings support the implementation
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of standardized positioning protocols and targeted radiographer training to improve di-
agnostic quality and safety.

Abbreviations: AGD, Average glandular dose; ALARA, As low as reasonably achievable; mGy, mil-
ligray; MLO, Mediolateral oblique; PGMI, Perfect, good, moderate, inadequate; PKR, Pakistani ru-
pee.
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