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Background: Dengue hemorrhagic fever (DHF) remains a major health concern
in hyperendemic regions such as Indonesia. Detecting plasma leakage—often
indicated by pleural effusion—is essential for early severity assessment. The right
lateral decubitus (RLD) chest X-ray is valuable for this purpose, yet obtaining
artifact-free images in children is challenging due to movement and the absence
of pediatric-specific immobilization tools.

Purpose: To develop and evaluate a specialized immobilization device for
pediatric RLD thoracic radiography to enhance image quality in the assessment of
pleural effusion in suspected DHF cases.

Methods: This research and development study was conducted at a regional
hospital in Jepara, Indonesia, from April to July 2025. The study included device
design, expert validation, prototype refinement, and clinical performance
evaluation using radiographer questionnaires.

Results: The device demonstrated high usability, with mean scores of 4.8 for
flexibility, 4.7 for patient comfort, and 4.73 for ease of use. Importantly, its
application produced RLD radiographs free of motion artifacts, enabling clearer
visualization of pleural effusion.

Conclusion: The developed immobilization device effectively supports pediatric
RLD chest radiography by improving positioning stability and eliminating motion
artifacts. It has strong potential for routine clinical use in DHF assessment and
may enhance diagnostic accuracy related to pleural effusion.

INTRODUCTION

Right lateral decubitus (RLD) chest radiography plays a

be uncooperative, anxious, or unable to maintain the
required position during the procedure. Even minor
involuntary movements can lead to motion-blur artifacts that
compromise image clarity and negatively affect the

critical role in diagnosing and assessing the severity of
dengue hemorrhagic fever (DHF) in pediatric patients,
particularly for identifying pleural effusion as a marker of
plasma leakage." The Pleural Effusion Index (PEIl),
calculated from RLD radiographs, is widely recognized as
an important predictor of DHF severity and a significant
mortality risk factor in dengue shock syndrome (DSS).2
Despite its clinical importance, acquiring high-quality RLD
images in children remains a persistent challenge.3-”

The difficulty predominantly arises from the behavioral
characteristics of pediatric patients, who are more likely to
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accuracy of PElI measurements.? In many clinical settings,
immobilization practices still rely on conventional
techniques such as straps, sandbags, or direct physical
support from staff or parents. These approaches present
several limitations: they may cause discomfort and heighten
anxiety, expose accompanying adults to unnecessary
scatter radiation, and often produce inconsistent
stabilization results that increase the likelihood of repeat
examinations.%10

Previous research has explored the development of
immobilization devices for pediatric radiography.'-'3
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However, most existing devices are engineered for supine
or standard chest projections such as anteroposterior (AP)
and posteroanterior (PA) views."*'7 In contrast, RLD
projection—a position that requires children to lie laterally
and maintain stability for several minutes—has received
limited attention.'®20 The absence of devices specifically
designed to support pediatric RLD imaging highlights a
critical gap in current radiographic practice.

In response to this gap, the present study aims to design
and evaluate a thoracic immobilization device specifically
tailored for RLD examinations in pediatric patients. The
device is intended to minimize patient movement, enhance
comfort, reduce unnecessary repeat exposures, and
ultimately improve the reliability of RLD image acquisition
for accurate PEI assessment in DHF management.

METHOD

Study Design

This study employed a research and development (R&D)
approach consisting of two major phases: (1) product
design and development, and (2) product testing.?' The
R&D framework was selected to ensure a structured
process of conceptualization, validation, and empirical
evaluation of the immobilization device.

Product Design and Development
Literature Review

The initial step involved a comprehensive review of
scientific literature related to pediatric immobilization
devices used in radiographic examinations. This review
included studies on immobilization tools constructed from
materials such as acrylic for lumbar examinations and
devices with iron frames and padded supports for
abdominal imaging.???®> The findings served as
foundational references for conceptualizing the RLD-
specific immobilization device.

Design Creation

Preliminary sketches of the device were produced manually
and subsequently translated into detailed digital models
using AutoCAD software. The design aimed to
accommodate pediatric body dimensions and ensure
stability during the RLD projection.

Design Validation

The digital design was reviewed by three senior
radiographers with clinical expertise in pediatric chest
radiography. Their evaluation focused on functional
suitability, patient safety, ergonomic feasibility, and
compatibility with standard radiographic equipment.?*
Feedback obtained from this validation stage was used to
refine the final design.

Product Development

Following expert feedback, the device prototype was
constructed using materials selected for durability, patient
comfort, and radiographic compatibility. This prototype

underwent iterative adjustments until it met the predefined
functional criteria.

Product Testing
Research Design

A post-test only design with randomized sampling was used
to evaluate the prototype's performance in a clinical setting.

Setting, Population, and Sample

Prototype testing was conducted at the Jepara Regional
Hospital in 2025. The study population consisted of
pediatric patients undergoing RLD chest radiography for
suspected dengue hemorrhagic fever. The sample included
five radiographers and ten pediatric patients recruited
between April and July 2025.25 Participants meeting clinical
indications for RLD imaging and able to safely use the
device were included.

Procedure

The immobilization device was used during RLD chest
radiography in the participating patients. Radiographers
evaluated the device based on patient comfort, stability
during positioning, and ease of use. Image quality was
assessed to determine whether the device minimized
motion artifacts during the procedure. Radiographers
completed an eight-item questionnaire using a five-point
Likert scale (1 = strongly disagree to 5 = strongly agree).
Iltems assessed flexibility, usability, patient comfort, and
overall effectiveness of the device during clinical
application.

Data Analysis

Quantitative responses from the questionnaire were
analyzed descriptively. Mean and percentage distributions
were calculated to summarize radiographers’ evaluations
regarding device performance, usability, and patient
comfort.

RESULTS

Product Design and Development

The initial product design emphasized portability, patient
comfort, and positional stability during RLD chest
radiography. The completed immobilization device
measured 40 x 80 cm and incorporated a hinge system
allowing a fixed 90-degree fold for positioning. Soft, artifact-
free materials were used for patient contact surfaces,
including a 3 cm foam layer and adjustable straps to secure
the thoracic region. The final design and prototype are
presented in Figure 1, and its detailed specifications are
listed in Table 1. Feedback obtained from the expert
validation stage—conducted by three radiographers
experienced in pediatric chest radiography—resulted in
adjustments to cassette holder dimensions and strap
configuration to match common clinical equipment. These
refinements improved the device’s compatibility with
existing radiography workflows and enhanced patient
stabilzation during RLD positioning.
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Table 1. Specifications of the Thoracic Immobilization
Device

Component Description

Cassette holder Compartment  for  securing
cassette during RLD examination

X-ray

Belt strap Adjustable seatbelt-type strap
supporting lateral positioning

Support bar 1.5 cm steel bar providing rigid posterior
support

Safety belt Adjustable buckle system
accommodating different pediatric body
sizes

Immobilization Iron locking joint allowing a fixed 90°

lock folding angle

Patient mat Soft foam (3 cm) covered with synthetic

fabric for comfort
Carrying handle Plastic-coated iron handle for portability

Result of Product Testing
Laboratory Testing
Prior to clinical

application, preliminary testing was

performed in the radiology laboratory using pediatric
phantoms to verify stability, strap function, and potential
image artifacts (Figure 2). The device demonstrated
functional positioning and produced clear images without
visible artifacts.
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Figure 2. Laboratory testing using pediatric phantom.
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Clinical Testing

Clinical evaluation was performed at Jepara Regional
Hospital from June to August 2025 involving ten pediatric
patients undergoing RLD chest radiography for suspected
dengue hemorrhagic fever. One example of the clinical
application is shown in Figure 3. Five radiographers
assessed device performance using an eight-item Likert-
scale questionnaire (1-5). Results are presented in Table 2.

Figure 1. Final product design and prototype of the immobilization device.

Across all domains—flexibility, comfort, and usability—the
immobilization device received high evaluations, with
overall mean scores of 4.8 for flexibility, 4.7 for patient
comfort, and 4.73 for ease of use. The device was
consistently reported to be stable, portable, and compatible
with pediatric body dimensions. Radiographers also
confirmed that the device did not generate radiographic
artifacts, ensuring diagnostic reliability. Minor usability
concerns were noted regarding the belt mechanism, which
some radiographers reported as slightly difficult to operate.
This feedback provides direction for further refinement in
future development cycles.

Figure 3. Clinical testing of the immobilization device in
pediatric patients.

Table 2. Radiographer Evaluation Scores

Category R1 R2 R3 R4 R5 Average
Flexibility
Ease of storage 4.6
Portability 4.8
Lock stability (90°) 5 5 5 5 5 5.0
Patient comfort
Foam comfort 5 4 4 4.6
Suitability for ages 5-10 5 4.8
Ease of use
Cassette holder 5 4 5 5 5 4.8
performance
Belt usability 44
Absence of artifacts 5 5 5 5 5.0
DISCUSSION

The thoracic immobilization device developed in this study
demonstrated strong usability for stabilizing pediatric
patients during RLD chest radiography, particularly in cases
of DHF. In clinical practice, chest radiography for DHF
commonly includes AP and RLD projections. The AP
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projection serves as an initial assessment, while the RLD
projection is essential for accurately visualizing pleural
effusion—an important indicator of plasma leakage in
DHF.26 When imaging is performed in the supine position,
pleural fluid tends to redistribute posteriorly, causing
generalized opacification and limiting diagnostic clarity.?”
The ability to maintain a stable lateral decubitus position is
therefore crucial to delineate air—fluid interfaces and
improve diagnostic accuracy.

The findings of this study show that the immobilization
device successfully supported pediatric patients in
maintaining the required RLD position. The high mean
usability score (4.75) reflects the device’s effectiveness in
enhancing stability, comfort, and image quality.
Radiographs obtained using the device consistently
demonstrated a clear air gap in the thoracic cauvity,
indicating optimal visualization of pleural fluid boundaries.
This aligns with the established function of RLD imaging,
which enhances detection of pulmonary vascular changes
and air-fluid levels that may not be apparent in the AP
view.®

Compared with previous immobilization tools reported in
the literature—primarily designed for left lateral decubitus
(LLD) abdominal imaging or oblique lumbar examinations—
the present device addresses a unique clinical need.?223
Existing devices generally target supine or standard
projections, whereas RLD positioning for thoracic
evaluation in pediatic DHF has received minimal
technological support. The current device therefore
represents an important innovation by focusing specifically
on pediatric thoracic imaging in the lateral decubitus
position.

Material selection was an important aspect of the design
process. The combination of a 1.5 cm steel frame and 3 cm
foam padding ensured both structural stability and patient
comfort. The foam layer helped maintain a neutral, pain-
free lateral position in children aged 5-10 years, while the
frame accommodated various cassette sizes commonly
used in clinical settings.?® Radiographers also reported that
the device did not introduce artifacts, thus supporting its
suitability for diagnostic imaging.

Despite its strengths, the device has limitations. Several
radiographers noted that the fixation belt was somewhat
difficult to operate, reflected in a lower mean score (4.4)
compared with other components. This suggests a need for
refinement in belt design to enhance ease of use, especially
during emergency or high-workload clinical situations.
Future development should consider replacing the buckle
system with a more ergonomic and rapid-locking
mechanism tailored for pediatric handling.

Overall, the findings support the potential of this device to
improve positioning accuracy and procedural efficiency in
pediatric RLD chest radiography. Its application may reduce
motion blur, minimize repeat exposures, and contribute to
more reliable assessment of pleural effusion in DHF
management.

CONCLUSIONS AND RECOMMENDATION

The pediatric RLD immobilization device developed in this
study proved effective in improving positioning stability,
patient comfort, and radiographer usability, with high mean
scores for flexibility (4.8), comfort (4.7), and ease of use
(4.73). The device enabled artifact-free RLD images,
supporting accurate assessment of pleural effusion in
suspected DHF cases. The device is suitable for routine
pediatric chest radiography. Further studies with larger
samples and quantitative image metrics (e.g., SNR, CNR)
are needed to strengthen its diagnostic validation.
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