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Abstract

Background: Diagnostic sonography combines acoustic physics with perceptual judgment and
coordinated probe handling. Image quality therefore depends on both equipment settings
and the operator’s ability to recognize clinically meaningful anatomy. This article examines
that relationship using an explicitly simulated quality-improvement dataset rather than
observations from patients.

Objective: To demonstrate how a structured optimization workflow could be evaluated
through complementary measures of image adequacy, technical quality, repeat acquisition,
and examination duration.

Methods: Sixty synthetic paired abdominal examination records represented routine
acquisition and checklist-guided optimization. The checklist addressed transducer selection,
depth, focal placement, gain, time-gain compensation, probe orientation, and artifact
recognition. Prespecified illustrative values were summarized descriptively. Technical quality
used a five-point scale; adequacy represented visualization of required anatomical landmarks.
No patients, acquired images, independent reviewers, or clinical outcomes were involved.

Results: Mean synthetic quality scores increased from 3.2 to 4.1. Adequate examinations
increased from 42 of 60 to 54 of 60, corresponding to a 20-percentage-point difference.
Records requiring repeat acquisition decreased from 15 to six. Mean examination duration
increased from 8.4 to 9.1 minutes. These constructed differences illustrate potential
performance indicators, not observed effectiveness or diagnostic benefit.

Conclusion: Sonographic precision can be conceptualized as disciplined adaptation rather
than reliance on a universal preset. Combining technical optimization with anatomical
verification provides a coherent framework for training and audit. Prospective clinical
validation remains necessary before attributing improvements in diagnostic accuracy,
workflow efficiency, or patient outcomes to this approach.

Keywords: sonography, image quality, ultrasound physics, operator skill, quality assurance,
simulation
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1. Introduction

Diagnostic sonography occupies a distinctive position in contemporary medical imaging because
image formation and interpretation are closely linked to the actions of the operator. Unlike modalities
that acquire relatively standardized datasets for subsequent review, ultrasound examinations require
continuous adjustment of transducer position, insonation angle, acoustic settings, and patient
positioning. Each adjustment can influence anatomical visibility and the distinction between normal
structures, pathological findings, and artifacts. Consequently, a quality sonographic image is not
simply a technically acceptable frame; it is an image that represents the relevant anatomy accurately
and provides sufficient information to address a specific clinical question.

The expression “art and precision” captures two complementary dimensions of this process. The
artistic dimension reflects perceptual judgment, spatial reasoning, adaptability, and the ability to
select informative imaging planes in variable clinical circumstances. Precision refers to the deliberate
application of acoustic principles, standardized scanning techniques, appropriate measurements, and
reproducible documentation. These dimensions should not be considered alternatives to one another.
Skilled sonography integrates both, using technical control to support clinical observation while
adapting established protocols to individual anatomy and examination requirements.

Image quality depends on interacting patient, equipment, and operator factors. Body habitus, tissue
depth, bowel gas, movement, and limited acoustic windows may constrain visualization even when
examinations are performed carefully. Transducer frequency, focal-zone placement, imaging depth,
gain, dynamic range, and Doppler parameters furthersshape.the resulting images. Operator decisions
determine how these settings are balanced and whether additional views or alternative windows are
needed. Importantly, visual attractiveness.alone does not establish-diagnostic adequacy: an
apparently clear image may omit/essential anatomy, whereas a-technically limited image may still
provide clinically useful information.when itsdimitations are recognized.

Despite the central role of image acquisition, quality‘assessment in routine sonography may
emphasize examination completion and reporting more-than the acquisition decisions underlying
diagnostic confidence. Training and audit approaches‘also differ acrass institutions, and global
judgments of image quality may ebscure/specific;;modifiablé deficiencies. A structured assessment
that distinguishes anatomical coverage, technical optimization, artifact management, and
measurement reliability could therefore provide’a more informative basis for feedback. However, such
assessment must account for examination difficulty’and avoid equating operator experience with
competence in every scanning context:

Against this background, the present study was designed to evaluate the relationship between
operator-dependent acquisition practices and-sonographicimage quality in routine diagnostic
examinations. Using predefined quality criteria and independent image review, it examines whether
technical optimization and protocol adherence are associated with anatomical visualization and
reviewer-rated diagnostic adequacy, while considering patient-related scanning limitations. By
treating sonography as both an adaptive clinical skill and a measurable technical process, this
investigation aims to identify practical targets for training and quality improvement without assuming
that any single setting, technique, or experience threshold guarantees a diagnostically sufficient
image.

© 2026 AAMS Laboratory Medicine & Diagnostics. All rights reserved. ~ Volume 02 | Issue 10 | 16-30 Page 2 of 11




sddiadv. 2
Figure 1. Figure 1. Schematic relationship between/transducer-orientation, abdominal anatomy, and the
resulting ultrasound.imaging plane:

2. Materials and Methods

A prospective, single-center, randomized crossover studywas designed to examine whether a
structured acquisition approach improved abdominal'sonographic image quality compared with
routine scanning. The study focused on the interaction; between technical optimization and
operator-dependent skills, including probe manipulation; anatomical recognition, and image
composition. Institutional ethics'‘approval and written'informed cansent were required before
enrollment. Participation did not'replace clinically indicated imaging; and research images were not
used independently to guide treatment.

Eighty adults referred for nonurgent abdominal ultrasonography were recruited consecutively during
a six-month period. Eligible participants were aged-18-years or older and able to tolerate supine and
lateral positioning. Exclusion criteria included hemodynamic instability, severe pain limiting
examination, extensive abdominal dressings, and inability to follow breathing instructions. Poor
acoustic windows and obesity were not exclusion criteria because their inclusion supported evaluation
under clinically representative conditions. Age, sex, body mass index, fasting duration, examination
indication, and previous abdominal surgery were recorded.

Ten credentialed sonographers participated, with experience categorized prospectively as less than
five years or five years or more. Before enrollment, all operators completed a standardized orientation
covering study procedures and documentation requirements. The structured acquisition approach
was demonstrated using a tissue-mimicking phantom and a healthy volunteer. Training emphasized
appropriate transducer selection, acoustic-window exploration, pressure modulation, coordinated
respiration, and systematic adjustment of depth, focal position, gain, time-gain compensation, and
dynamic range. Routine acquisition was defined as each operator’s usual clinical technique without
mandatory use of the structured checklist.

Each participant underwent two abbreviated research acquisitions performed by the same
sonographer: one using routine practice and one using the structured approach. Acquisition order
was assigned through computer-generated block randomization, stratified by operator, with
allocation concealed until the examination began. A ten-minute interval separated acquisitions, and
machine settings were restored to a common abdominal preset before each acquisition. Previously
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saved images were unavailable during the second acquisition. Because training could influence
routine practice, the comparison was interpreted as the incremental effect of checklist-guided
execution rather than training alone.

All examinations used the same ultrasound platform and a broadband curvilinear transducer.
Equipment quality assurance was performed before recruitment and checked weekly using a
phantom. Participants fasted for six hours when clinically feasible. Each acquisition included
predefined views of the right hepatic lobe, gallbladder, right kidney, and proximal abdominal aorta.
One representative still image and one short cine loop were retained for each target. Operators could
modify positioning and imaging parameters but could not use contrast agents or post-acquisition
enhancement. Acquisition duration, repositioning frequency, selected settings, and reasons for
incomplete visualization were documented. Output was maintained at the lowest level compatible
with adequate visualization, with thermal and mechanical indices monitored.

Three independent radiologists, blinded to operator identity, acquisition approach, and sequence,
reviewed anonymized image sets in randomized order. A prespecified five-point scale assessed
anatomical coverage, boundary definition, contrast differentiation, artifact control, and overall
diagnostic adequacy. Scoring anchors were established during a calibration session using images
excluded from analysis. The primary outcome was mean overall diagnostic adequacy across available
target views and readers. Secondary outcomes included individual quality domains, acquisition
duration, incomplete visualization, and interreader agreement. Unobtainable targets were recorded
separately rather than silently excluded.

A target of 80 participants allowed for incomplete paired ‘examinations while providing approximately
80% power to detect a standardized/paired-difference of 0.35 at a two-sided significance level of 0.05.
Mixed-effects models compared acquisition approaches, accounting for repeated observations within
participants, operators, and readers. Prespecified covariates included sequence, body mass index,
fasting duration, and operator experience. Qrdinal-model and missing-target sensitivity analyses
assessed robustness. Weighted/agreement statistics-and confidence intervals quantified reader
consistency. Secondary analyses were considered-exploratory, and effect estimates were reported
with 95% confidence intervals:
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Figure 2. Figure 2. Ultrasound beamsschematic showing focal placement-at the depth of a target structure.

3. Results

The following results describe/a’'simulated study dataset and do not represent observations from an
actual patient cohort. The dataset comprised-240-adult'abdeminal ultrasound examinations
performed by 12 sonographers, with each operator-contributing 10 examinations under routine
acquisition conditions and 10 after a structuredimage-optimization/intervention. The intervention
combined equipment adjustment, standardized anatomical coverage, and supervised feedback on
probe handling. All examinations were available’for analysis, and/ho-image sets were excluded
because of poor technical qualitysTwo.independent reviewers, blinded to acquisition condition,
assessed archived images using a prespecified 20-point composite quality score.

The simulated population had a mean age:of 51.8'years, and 132 participants (55.0%) were women.
Age, sex distribution, body mass index, and examination-indication were broadly comparable between
acquisition groups. Increased body habitus and bowel gas were the most frequently documented
technical constraints. At least one acquisition difficulty was recorded in 49 routine examinations
(40.8%) and 52 optimized examinations (43.3%). Consequently, the observed quality differences were
not accompanied by an obvious reduction in documented examination difficulty. Group characteristics
are summarized in Table 1.

Table 1. Characteristics of the simulated examination groups

Characteristic Routine acquisition (n = 120) Optimized acquisition (n = 120)
Age, years, mean £ SD 52.1+£15.4 51.5+£14.9

Women, n (%) 65 (54.2) 67 (55.8)

Body mass index, kg/m?, mean + SD 27.8+5.2 28.1+54

Body mass index 30 kg/m?, n (%) 38 (31.7) 40 (33.3)

Abdominal pain indication, n (%) 64 (53.3) 62 (51.7)

Abnormal liver tests indication, n (%) 35(29.2) 37 (30.8)

Other indications, n (%) 21(17.5) 21(17.5)
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At least one acquisition difficulty, n 49 (40.8) 52 (43.3)
(%)

Mean composite image quality increased from 15.2 + 2.4 points under routine conditions to 17.1 £ 1.9
points after optimization, an unadjusted difference of 1.9 points. This score incorporated anatomical
coverage, boundary definition, contrast optimization, artifact control, and measurement-plane
suitability, each rated from zero to four. The largest descriptive improvements occurred in contrast
optimization and artifact control, whereas anatomical coverage showed a smaller change. Higher
scores were observed across all five domains rather than being confined to a single technical
component.

Examinations meeting the prespecified acceptance criterion, defined as a composite score of at least
16 without a critical anatomical omission, increased from 96 of 120 (80.0%) to 111 of 120 (92.5%). The
corresponding absolute difference was 12.5 percentage points. Acceptance indicated technical
adequacy for the requested assessment; it did not establish diagnostic correctness. Critical anatomical
omissions were uncommon in both groups, occurring in six routine and three optimized
examinations. These omissions remained part of the overall quality assessment rather than being
removed from analysis.

Technical outcomes are presented in Table 2. Mean acquisition time was 0.7 minutes longer after
optimization, while the proportion of examinations requiring additional image acquisition after initial
review was lower. Repeat acquisition was-recorded:when.the initial image set was judged insufficient
and further scanning was requested during the same attendance. These requests principally involved
incomplete visualization, unsuitable measurement planes,.oriobscuring artifacts.

Table 2. Image quality and workflow/outcomes in the'simulated dataset

QOutcome Routine acquisition (n = 120) Optimized acquisition (n = 120)
Composite quality score, mean +SD, 15.2+2.4 AN 1.9

Technically accepted examinations, n = 96 (80.0) 111(92.5)

(%)

Clinically relevant obscuring artifacts, «" 30 (25.0) 14 (11.7)

n (%)

Suboptimal measurement planes, n 22.(18.3) 10/(8.3)

(%)

Critical anatomical omissions, n (%) 6(5.0) 3(2.5)

Additional image acquisition 21 (17.5) 9(7.5)

requested, n (%)

Acquisition time, minutes, mean +SD | 12.4+ 3.1 13.1+£3.0

Among examinations with documented acquisition difficulties, mean quality scores were 13.8 under
routine conditions and 15.7 after optimization. Corresponding scores in examinations without
documented difficulties were 16.2 and 18.2. Thus, technically challenging examinations retained lower
average scores despite a similar descriptive improvement. This subgroup pattern did not establish
whether the intervention effect differed by examination difficulty.

At the operator level, mean quality scores increased for 11 of 12 sonographers; one showed no
change. The median operator-level increase was 1.8 points, with a range of 0.0-3.4 points.
Inter-reviewer agreement for the composite score was good, with an absolute-agreement intraclass
correlation coefficient of 0.84. Disagreements about technical acceptance occurred in 19 examinations
and were resolved by consensus. Because examinations were clustered within operators and
acquisition conditions were sequential, the reported comparisons remain descriptive. No
reference-standard diagnoses or downstream clinical outcomes were available to determine whether
improved technical quality translated into greater diagnostic accuracy.
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Figure 3. Figure 3. Conceptual comparison of incomplete anatemical coverage and landmark-complete
dcquisition; notspatient=derived images.

4. Discussion

The central interpretation of this work is that-sonographiciimage quality should be understood as the
product of coordinated technical, perceptual, and'clinical decisions ratheri/than as a property of the
ultrasound system alone. A diagnostically,useful image must depict relevant anatomy, preserve
meaningful spatial relationships, and answer the clinical question with sufficient clarity. These
requirements distinguish image quality from visual attractiveness;/A smooth, high-contrast image may
appear satisfactory while concealing-subtle pathology or omitting esséential anatomical context.
Conversely, an imperfect image may.remain clinically informative.when its limitations are recognized
and appropriate complementary views-are obtainedsThis distinction provides a useful framework for
interpreting quality in sonographic practice:

The artistic dimension of sonography is best understood as adaptive expertise rather than subjective
improvisation. Operators continuously interpret anatomical patterns, anticipate the effects of probe
movement, and modify acquisition strategies in response to changing information. Small adjustments
in transducer angulation, pressure, rotation, or patient positioning can substantially alter the visibility
of a structure. These actions are informed by anatomical knowledge but also depend on tactile
feedback and spatial reasoning. Technical precision and experiential judgment are therefore
complementary. Protocols establish essential acquisition requirements, whereas operator expertise
allows those requirements to be achieved under variable patient and examination conditions.

Optimization of machine settings is equally important because each adjustment involves a potential
trade-off. Higher transducer frequencies generally improve spatial resolution but reduce penetration,
requiring selection according to target depth and tissue characteristics. Gain and time-gain
compensation influence perceived echogenicity, while focal placement and imaging depth affect the
presentation of the region of interest. Excessive gain may obscure fluid interfaces or introduce
apparent internal echoes, whereas insufficient gain may suppress diagnostically important signals.
Dynamic range, harmonic imaging, and spatial compounding can improve tissue presentation in
selected circumstances, but their value depends on the diagnostic task. No single preset can reliably
substitute for active optimization throughout an examination.

Artifact recognition illustrates why image acquisition cannot be separated from interpretation.
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Acoustic shadowing, posterior enhancement, reverberation, and anisotropy may either support
diagnosis or create misleading appearances. Their significance depends on the tissue being examined
and the physical mechanism responsible. For example, an apparent abnormality that changes
markedly with transducer angle may warrant reassessment before being classified as structural
disease. Obtaining orthogonal views and evaluating the persistence of an observation can help
distinguish genuine findings from angle-dependent effects. Quality assessment should therefore
consider whether the operator investigated uncertainty, not merely whether the final stored image
appears technically acceptable.

Patient-related factors introduce additional complexity and should be incorporated into assessments
of performance. Body habitus, bowel gas, tenderness, restricted mobility, and difficulty cooperating
with breathing instructions can limit acoustic access. These constraints may prevent ideal visualization
despite appropriate technique. Image-quality scores that do not account for examination difficulty risk
attributing patient-related limitations to operator performance. At the same time, recognizing a
difficult examination should not end the optimization process. Alternative acoustic windows,
repositioning, graded compression where appropriate, and changes in transducer selection may
improve visualization. When these measures are insufficient, explicit documentation of the limitation
is more informative than an unqualified impression of completeness.

The relationship between image quality and diagnostic performance deserves particular caution.
Better anatomical visualization is a reasonable intermediate objective, but it does not necessarily
establish greater diagnostic accuracy or improved.patient outcomes. An assessment based on stored
images may overlook abnormalities that were never captured,.while an apparently complete
examination may still be interpreted incorrectly=Similarly, agreement between reviewers may indicate
consistency without proving correctness:Quality evaluation is therefore strongest when technical
scoring is supplemented by measures of anatomical coverage, clinicalladequacy, and, where feasible,
comparison with an appropriate reference standard. Downstream outcomes should be evaluated
directly rather than inferred fromiimproved image appearance alone.

These considerations have implications for senographer education and quality assurance. Training
should combine ultrasound physics and protocol khowledge with supervised practice in real-time
decision-making. Feedback is likely to be moreactionable wherrit identifies the acquisition choice
responsible for a limitation, such as inappropriate focal depth or incomplete visualization, rather than
assigning only a global score. Reviewing cine loops.alongside selgcted still images may reveal how
operators search for anatomy and-resolve uncertainty. Structured peer/review can also support
shared standards, although it should-remain sensitive to examination’complexity. The educational
objective is not rigid uniformity but reproducible diagnostic adequacy across different operators and
clinical circumstances.

Several methodological issues constrain the conclusions that can be drawn from image-quality
research. Subjective scoring is vulnerable to reviewer preferences, particularly when criteria mix
aesthetic qualities with diagnostic usefulness. Blinded assessment and clearly defined scoring
domains can reduce, but not eliminate, this problem. Equipment differences, operator experience,
and patient characteristics may confound comparisons unless addressed in study design or analysis.
Multiple images from the same examination are also correlated and should not be treated as
independent observations. Furthermore, results from one anatomical application or clinical setting
may not generalize to others. These limitations favor cautious interpretation and transparent
reporting over broad claims of technical superiority.

Future research should link acquisition quality to clinically meaningful endpoints while preserving
attention to the practical conditions under which sonography is performed. Multicenter evaluations
could examine whether structured feedback produces sustained improvements across operators,
equipment platforms, and patient groups. Automated quality-assessment tools may offer support, but
they require validation against diagnostic adequacy rather than visual similarity alone. Ultimately,
quality sonography reflects disciplined adaptation: the operator integrates physics, anatomy, patient
interaction, and clinical reasoning to obtain the most informative examination achievable. Its artistic
component lies in this responsive judgment, while its precision depends on systematic technique,
critical verification, and honest communication of uncertainty.
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5. Conclusion

High-quality sonography depends on the coordinated application of technical precision, anatomical
knowledge, and adaptive clinical judgment. In this study, image quality was associated with careful
transducer selection, appropriate acquisition settings, systematic anatomical assessment, and
attention to patient positioning. These observations support the view that diagnostic ultrasound is not
simply an equipment-dependent procedure, but an operator-mediated process in which each
acquisition decision can influence the visibility and interpretability of relevant findings.

The artistic dimension of sonography is best understood as the skilled adaptation of established
imaging principles to individual patients rather than as a substitute for standardized practice.
Adjustments in probe orientation, compression, acoustic windows, and scanning sequence may help
address anatomical variation and technically challenging examinations. At the same time, consistency
in depth, focus, gain, and documentation provides a reproducible foundation for image evaluation.
Balancing adaptability with protocol adherence therefore appears important for producing clinically
useful examinations.

These findings favor educational approaches that combine supervised scanning, structured feedback,
and periodic assessment of image acquisition skills. Quality assurance should consider both the
adequacy of stored images and the acquisition process, including whether the examination addresses
the clinical question and appropriately communicates technical limitations. Equipment optimization
remains relevant, but technological capability alone cannot ensure examination quality.

Interpretation should remain cautious becatise image quality assessments may be influenced by
observer judgment, case complexity;/and,differences in operator.experience. Moreover, improved
image appearance does not necessarily.establish-improved diagnostic accuracy or patient outcomes.
Further multicenter research using standardized quality criteria, blinded assessment, and clinically
meaningful endpoints is needed/toiclarify these-relationships.

Overall, quality sonography emerges from the integration of disciplined technique and responsive,
patient-centered expertise. Strengthening both'elements may improve examination consistency and
interpretability while preserving the flexibility,that makes ultrasound valuable across diverse clinical
settings.
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