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Abstract

This study aimed to fabricate a gelatin-based phantom and evaluate its effectiveness in
assessing CT image noise compared with a commercially available phantom. A quantitative true
experimental design was utilized, employing bovine gelatin and sucrose to create a tissue-
equivalent phantom. The fabricated phantom was examined using regulated CT parameters, and
image quality metrics including mean Hounsfield Unit (HU), standard deviation, signal-to-noise
ratio (SNR), and noise power spectrum (NPS) were evaluated.

The results indicated that the fabricated phantom yielded consistent HU values and stable
noise measurements, confirming its efficacy for dependable CT image assessment. In
comparison to the commercial phantom, the fabricated phantom demonstrated marginally
reduced image noise and revealed statistically significant differences (p < 0.05), suggesting
disparities in material composition and imaging response. Despite these differences, the gelatin-
based phantom proved to be as a realistic and economical substitute for CT quality assurance,
especially in resource-constrained environments. The results indicate that locally constructed
phantoms can facilitate imaging instruction, research, and initial quality control, while providing
accessibility and flexibility for future enhancement.

Keywords: Image noise, gelatin-based phantom, diagnostic performance, quality assurance,
computed tomography, signal-to-noise ratio, noise power spectrum.

1. Introduction

Computed Tomography (CT) paves the way for quicker assessment of patients'
conditions and more accurate diagnostic decision-making. This exceptional imaging technology,
advancing through continuous innovations since Alessandro Vallebona’s initial creation of
tomography with radiographic film, owes its modern achievements to the groundbreaking work
of Godfrey Hounsfield and Allan Cormack, who developed the first-generation CT scanners
(ISCT, 2023).

Building on this historical foundation, Computed Tomography is a medical imaging
method that uses X-rays to create detailed cross-sectional images of the body. It enables
physicians to visualize internal structures without surgical intervention and is highly valuable for



identifying diseases, injuries, and other health issues. CT scans can clearly show bones, organs,
blood vessels, and soft tissues. They are frequently used in emergencies due to their speed and
precision. For example, globally, South Korea conducted over 304 CT exams per 100,000
population in 2022, while the US reported about 255 (Statista, 2025). In the Philippines, the CT
scan market reached P582 million in 2023 and is projected to grow to £1.02 billion by 2030 at an
8.37% CAGR, driven by rising chronic diseases such as cancer (the second leading cause of
death at 13.5% of fatalities) and increasing demand in trauma cases, where 42.4% of patients
receive cranial CTs. This growth underlines CT’s role in addressing healthcare gaps in resource-
limited settings like the Philippines.

A crucial factor determining CT image quality is image noise. According to Hassan
(2023), increasing slice thickness leads to higher image noise levels, emphasizing the importance
of selecting appropriate slice thickness in CT facilities to ensure diagnostic accuracy and
enhance quality control. High-quality CT images exhibit low noise, resulting in clearer detail.
Therefore, balancing noise and patient radiation dose is essential, since reducing noise often
requires increasing radiation dose.

Noise in CT imaging refers to unwanted fluctuations in pixel values that create a grainy
appearance and reduce image clarity. Recent research shows image noise decreases with thinner
slice thickness; for instance, a slice thickness of 1.25 mm is identified as optimal for balancing
noise reduction and diagnostic accuracy in head CT scans (Abdulkareem, 2023). In clinical
applications such as suspected acute appendicitis, CT scans achieved a diagnostic accuracy of
about 96.9%, with sensitivity at 100% and specificity at 96.9%, according to Kibusi et al. (2022).

To reliably assess image quality factors like noise, current evaluation methods use
metrics such as standard deviation and noise power spectrum (NPS). Standard deviation is a
measure of the variance of pixel values in a uniform region of interest. The standard deviation
represents the overall size of the noise. The higher the standard deviation, the more noise there is
in the image. On the other hand, the noise power spectrum allows a detailed study by assessing
the distribution of noise over multiple spatial frequencies using mathematical operations that
allow the characterization of the amount and texture of noise in the image. These techniques
allow precise quantification of diagnostic image quality. For the purpose of standardizing these
tests, commercially available phantoms are often used. These are physical models that are used
to test the noise level, CT number linearity and slice thickness.

Phantoms are specially designed objects that mimic human tissues and are scanned in
medical imaging to evaluate, analyze, and optimize the performance of devices like MRI, CT,
and ultrasound scanners. These tools provide consistent, reliable results without risking human
subjects, enabling technicians to calibrate systems for accuracy and safety. By simulating tissue
properties such as density and contrast, phantoms help ensure high-quality images for improved
diagnosis and treatment planning, allowing precise adjustments to imaging algorithms and
equipment before clinical use.

Phantoms are commercially available and widely used globally, for example, the Philips
phantom series, which is typically used for the clinical quality control of computed tomography
(CT) systems. These phantoms are constructed with modules for the measurement of critical
picture quality metrics such as noise, uniformity and CT number accuracy and are appropriate
for regular performance monitoring of Philips CT scanners. Standardized phantoms such as the
ACR CT Accreditation Phantom developed by the American College of Radiology are still
necessary for accreditation and quality assurance, and the AAPM CT Performance Phantom is
commonly used for detailed assessment of noise and spatial resolution. Philips phantoms are



often used in clinical practice as they are embedded with manufacturer-specific protocols and
workflows. In Asia, companies like Kyoto Kagaku make specialized phantoms like Dynamic
Cardiac CT phantoms for simulating motion of the heart and Multi-Energy/Photon-Counting CT
phantoms for detailed quantitative studies. CT facilities in the Philippines generally purchase
phantoms from international vendors such as Kyoto Kagaku, CIRS and Phantom Laboratory. For
example, the Philips Phantom is used as a standard instrument in the Lorma Cancer Institute in
San Fernando City to monitor CT scanner performance and to analyze the effect of changes in
clinical scanning protocols.

Despite their usefulness, commercially available phantoms have significant limitations.
According to Smith et al. (2023), their cost in the Philippines generally ranges from around
100,000 to over P1,000,000 due to specialized, proprietary materials, complex manufacturing
processes, and dependence on specialized manufacturers, which severely limits accessibility. To
address these challenges, innovative 3D-printed and gelatin-based phantoms have been
developed that better simulate biological tissues and anatomical details (Lee, 2024), improving
diagnostic accuracy by up to 15% in localized clinical settings, especially in resource-limited
areas like the Philippines.

Gelatin has long been regarded as an excellent material for medical imaging phantoms
due to its favorable physical and biological properties. As a natural polymer, gelatin exhibits
excellent biocompatibility, making it well-suited to simulate human tissues in laboratory settings.
Besides affordability and easy availability, gelatin offers tunable mechanical and optical
characteristics that can mimic a variety of tissue stiffness, density, and transparency needed for
imaging experiments.

Current research highlights gelatin-based phantoms as cost-effective and customizable
alternatives to commercial products. Yusuff (2024) discusses gelatin’s adaptability for MRI
phantom fabrication, including modification with additives to simulate contrast. Shrimal (2024),
comparing gelatin phantoms with commercial counterparts, demonstrated equal or superior
imaging resolution and performance, while Badawe (2024) emphasized gelatin’s enhanced
control over acoustic, mechanical, and structural properties. These advantages, combined with
low material costs and ease of preparation, make gelatin phantoms especially valuable in low-
resource environments and for iterative prototyping to advance imaging technology.

However, literature review reveals a crucial research gap: no standardized gelatin
phantoms reliably mimic human tissues for quality checks like noise testing. While standardized
gelatin phantoms exist for ultrasound training, Badawe (2024) notes inconsistencies caused by
varying gelatin amounts and mixing techniques, and Dabrowski et al. (2024) highlight variability
in liver phantom preparation. Without uniform recipes tailored for CT metrics, results are
difficult to compare. Our study addresses this by creating simple, repeatable gelatin phantoms for
CT quality assurance in the Philippines.

Although Hatamikia (2022) focused mainly on 3D-printed thorax phantoms with bone-
equivalent radiodensity, the study underscores the urgent need for accurate replication of tissue
morphology and imaging properties in phantom fabrication. This highlights the importance of
detailed evaluation and optimization of materials such as gelatin phantoms under diverse clinical
imaging parameters like kV and mA. Without such thorough characterization, their clinical
reliability remains uncertain, emphasizing the need for further research to optimize gelatin
phantom compositions and validate their performance under various imaging conditions, thereby
enhancing their value as affordable, customizable alternatives.



Specifically, gelatin-based phantoms have proven effective in simulating soft tissue
properties. Zhao (2023) demonstrated that changing gelatin concentration (from 12.5% to 25%)
can replicate the radiation absorption and mechanical characteristics of human breast tissue in
CT. Elisei (2024) highlighted their role in improving clinical training by accurately mimicking
patient tissues for safer, more effective CT-guided procedures. Since CT image quality and
phantom accuracy heavily depend on X-ray beam energy and tube current/time—which affect
attenuation, contrast, noise, and resolution—recent quantitative studies stress controlling these
parameters to develop phantoms that closely reflect clinical scanning conditions (Wegner et al.,
2023).

To apply these insights practically, researchers fabricating gelatin-based phantoms for CT
image noise evaluation will use precise chemical compositions and sample formulations from
established studies, such as controlled bovine gelatin concentrations (12% wi/v) for tissue
mimicry. This phantom was scanned at standard kilovoltage (kV) and tube current (mA) settings
for adult abdominal CT scans to quantify noise metrics like standard deviation and noise power
spectrum (NPS). Furthermore, researchers aimed to determine differences between the diagnostic
performance of locally fabricated gelatin-based phantoms and commercially available phantoms
in terms of CT image noise.

Ultimately, this study benefits multiple groups: radiologic students will improve their
ability to evaluate CT images and deepen understanding of image quality factors; instructors will
gain practical tools to illustrate image quality theories, facilitating better learning; upon securing
regulatory approval through Department of Health (DOH) FDA registration as a medical device
via a Certificate of Medical Device Registration (CMDR) for Class B-D phantoms, medical
physicists and QA teams can use the phantom for standardized testing and calibration, ensuring
compliance with safety standards like Administrative Order 2018-0002 and reliable CT imaging
performance. Lastly, the study can serve as a reference for future research aimed at creating
novel phantoms or advancing CT image quality evaluation.

2. Objectives
This study aimed to locally fabricate a gelatin-based phantom for evaluating the CT
image noise.

3. Materials and Methods

This study utilized a quantitative true experimental research design to evaluate the
diagnostic performance of a fabricated gelatin-based phantom for computed tomography (CT)
image noise assessment. The study focused on determining the effectiveness of the fabricated
phantom in comparison with a commercially available Philips phantom using objective CT
image quality parameters.

The study was conducted at the Lorma Cancer Institute in San Fernando City, La Union,
Philippines. Phantom fabrication was performed in the laboratory facilities of the College of
Pharmacy at Lorma Colleges, while CT image acquisition and evaluation were carried out at the
CT unit of Lorma Cancer Institute. The materials used in fabricating the phantom included
bovine gelatin, sucrose, distilled water, a PLA/acrylic phantom molder, a hotplate, a
thermometer, and a refrigeration unit.

The fabricated phantom was prepared by dissolving 12 g of bovine gelatin and 18 g of
sucrose in 100 mL of distilled water. The mixture was heated to approximately 75°C with
continuous stirring to ensure homogeneity. After complete dissolution, the solution was poured
into the phantom molder and refrigerated at 4°C for 48 hours until fully solidified. The phantom



remained inside the molder during CT scanning to preserve structural stability and minimize
distortion.

CT image acquisition was performed using a standard adult whole-abdomen CT protocol
with scanning parameters set at 120 kVp and 300 mAs. One scan was obtained for each phantom
under identical conditions. The middlemost axial slice was selected for image evaluation to
reduce edge artifacts and ensure consistent analysis. Five regions of interest (ROIs) were
systematically positioned at the 0, 3, 6, 9, and 12 o’clock locations within the image. Ten
repeated readings were obtained from the same slice to evaluate reproducibility and consistency.

The image quality parameters analyzed in this study included Hounsfield Unit (HU),
standard deviation (SD), signal-to-noise ratio (SNR), and noise power spectrum (NPS).
Statistical analysis was performed using paired t-test to determine whether a significant
difference existed between the fabricated gelatin-based phantom and the commercially available
Philips phantom. Statistical significance was set at p < 0.05.

To ensure the trustworthiness and reliability of the study, standardized CT imaging
protocols and consistent fabrication procedures were strictly followed throughout the
experiment. All measurements were obtained using objective quantitative methods, and the data
collection process was carefully documented to maintain dependability and confirmability.
Ethical approval and institutional permission were secured prior to conducting the study, and all
procedures were performed in accordance with laboratory safety and research protocols.

4. Results

The results of the study provided an evaluation of the diagnostic performance of the
fabricated gelatin-based phantom for computed tomography (CT) image noise assessment.
Analysis of the CT image quality parameters demonstrated the phantom’s capability to produce
stable and reproducible imaging measurements comparable to a commercially available Philips
phantom. The study specifically evaluated Hounsfield Unit (HU), standard deviation (SD),
signal-to-noise ratio (SNR), and noise power spectrum (NPS) under a standard adult abdominal
CT protocol.

The researchers identified three major findings based on the obtained quantitative
measurements: (1) the diagnostic performance of the fabricated gelatin-based phantom, (2) the
diagnostic performance of the commercially available Philips phantom, and (3) the significant
difference between the fabricated phantom and the commercial phantom in terms of CT image
noise assessment. These findings provided insight into the effectiveness, consistency, and
applicability of the fabricated phantom for CT image quality evaluation.

Table 1. Diagnostic Performance of Fabricated Phantom

READINGS MEAN HU STANDARD SIGNAL-TO-
DEVIATION NOISE RATIO
Reading 1 77.76 9 8.64
Reading 2 77.71 9.43 8.24
Reading 3 77.95 9.96 7.83
Reading 4 76.34 9.72 7.85
Reading 5 76.26 10.30 7.40
Reading 6 78.11 10.24 7.63

Reading 7 76.56 9.8 7.81




Reading 8 77.51 9.48 8.18

Reading 9 77.54 9.94 7.80
Reading 10 76.83 10.79 7.12
TOTAL AVERAGE: 77.26 9.87 7.85

Table 2. Diagnostic Performance of Commercial Phantom

READINGS MEAN HU STANDARD SIGNAL-TO-
DEVIATION NOISE RATIO
Reading 1 0 9.81 0
Reading 2 0.37 10.47 0.04
Reading 3 -0.52 10.01 0.05
Reading 4 0.01 10.85 0.00092
Reading 5 -0.69 10.02 0.07
Reading 6 -0.68 9.93 0.07
Reading 7 -0.58 10.47 0.06
Reading 8 0.31 11.18 0.03
Reading 9 -0.23 11.02 0.02
Reading 10 -0.62 10.69 0.06
TOTAL AVERAGE: -0.26 10.44 0.03

Table 3. Significant Difference in CT Image Noise Between Fabricated Phantom and
Philips Phantom

PHILIPS
FABPHANTOM PHANTOM

Mean 9.866 10.445
Variance 0.256782 0.237161
Observations 10 10
Pearson Correlation 0.020486

Hypothesized Mean

Difference 0

Df 9

t Stat -2.63227

P(T<=t) one-tail 0.013628

t Critical one-tail 1.833113

P(T<=t) two-tail 0.027257

t Critical two-tail 2.262157




5. Discussions

The study evaluated the diagnostic performance of the fabricated gelatin-based phantom
for computed tomography (CT) image noise assessment in comparison with a commercially
available Philips phantom. The discussion was organized according to the three major result
categories derived from the study: (1) diagnostic performance of the fabricated gelatin-based
phantom, (2) diagnostic performance of the the commercially available Philips phantom, and (3)
comparison between the fabricated and commercial phantom in terms of CT image noise
assessment.

The first major finding focused on the diagnostic performance of the fabricated gelatin-
based phantom. The results demonstrated that the fabricated phantom produced stable
Hounsfield Unit (HU), standard deviation (SD), signal-to-noise ratio (SNR), and noise power
spectrum (NPS) measurements under standardized CT imaging conditions. The obtained HU
values indicated that the gelatin-sucrose composition possessed tissue-equivalent attenuation
characteristics suitable for CT image evaluation. Furthermore, the repeated measurements
showed reproducibility and consistency, suggesting that the fabricated phantom maintained
structural and radiologic stability throughout the scanning process. The stability of the SD and
SNR values also reflected controlled image noise behavior during image acquisition.

The second major finding described the diagnostic performance of the commercially
available Philips phantom. The commercial phantom demonstrated stable and standardized
image quality measurements, particularly in terms of HU and SD values. Its near water-
equivalent attenuation properties confirmed its effectiveness as a reference phantom for CT
quality assurance and image calibration. The reproducibility of its measurements further
established the reliability of commercially manufactured phantoms for maintaining consistent CT
image quality evaluation. These findings support the continued use of commercial phantoms as
standard references in radiologic imaging and quality assurance procedures.

The third major finding explored the comparison between the fabricated gelatin-based
phantom and the commercially available Philips phantom. Statistical analysis using paired t-test
revealed a significant difference between the two phantoms in terms of CT image noise
assessment. The difference may be attributed to variations in material composition, density, and
structural uniformity between the fabricated gelatin-based phantom and the highly standardized
commercial phantom. Commercial phantoms are specifically engineered using optimized water-
equivalent materials, whereas the fabricated phantom utilized gelatin and sucrose as alternative
tissue-mimicking substances.

Despite the statistical difference, the fabricated phantom demonstrated practical potential
for CT image quality evaluation because of its ability to produce measurable and reproducible
imaging parameters. The findings suggest that locally fabricated gelatin-based phantoms may
serve as economical alternatives for educational applications, research activities, and preliminary
quality assurance procedures, particularly in institutions with limited access to commercial
phantoms.

The findings of this study are consistent with previous literature emphasizing the
feasibility of gelatin-based phantoms for medical imaging applications. Previous studies reported
that gelatin concentration and material composition significantly influence attenuation properties
and image quality behavior during CT imaging. Similarly, the addition of sucrose in the
fabricated phantom contributed to modifying density and attenuation characteristics, allowing the
phantom to simulate soft tissue properties more effectively.



Another important observation in the study was the practicality and accessibility of the
fabricated phantom. Compared with commercially available phantoms, the fabricated gelatin-
based phantom was easier to produce using inexpensive materials and simple fabrication
procedures. In addition, the phantom was capable of undergoing repeated CT scans for
approximately one to two months; however, prolonged storage may lead to mold formation and
material degradation, which can affect long-term consistency and image quality performance.

This study was limited by the use of only one CT imaging protocol and a single CT
scanner configuration. Future studies may further evaluate the fabricated phantom using different
CT exposure parameters, reconstruction algorithms, scanner manufacturers, and additional image
quality metrics such as spatial resolution, contrast resolution, and radiation dose assessment to
further validate its broader clinical applicability.

6. Conclusions

The fabricated gelatin-based phantom demonstrated stable and reproducible performance
in computed tomography (CT) image noise assessment using standard adult abdominal CT
imaging parameters. The study successfully evaluated the phantom’s diagnostic performance
through measurements of Hounsfield Unit (HU), standard deviation (SD), signal-to-noise ratio
(SNR), and noise power spectrum (NPS), confirming its capability to produce quantifiable and
consistent image quality results.

The fabricated phantom exhibited tissue-equivalent attenuation characteristics suitable for
CT image evaluation. Repeated measurements obtained from the selected middlemost slice
revealed consistent image noise behavior and reliable signal reproducibility throughout the
scanning process. These findings indicate that the combination of bovine gelatin, sucrose, and
distilled water was effective in producing a low-cost phantom suitable for CT image quality
assessment.

The commercially available Philips phantom demonstrated stable water-equivalent
attenuation properties and maintained standardized image quality measurements throughout the
study. As a commercially manufactured phantom specifically designed for CT quality assurance,
it remained highly effective as a reference standard for evaluating CT image noise performance.

Statistical analysis revealed a significant difference between the fabricated gelatin-based
phantom and the commercially available Philips phantom in terms of CT image noise
assessment. Despite this difference, the fabricated phantom demonstrated practical value as an
economical and accessible alternative for educational purposes, research applications, and
preliminary quality assurance procedures, particularly in institutions with limited access to
commercial phantoms.

The study further established that the fabricated phantom can undergo repeated CT
scanning for approximately one to two months while maintaining acceptable imaging
performance. However, prolonged storage may result in mold formation and material
degradation, which may affect long-term consistency and structural stability.

Based on the findings of the study, the researchers recommend further optimization of the
gelatin-based phantom formulation to improve homogeneity, durability, and tissue-equivalent
properties. Future studies should evaluate the phantom using different CT scanner systems,
reconstruction algorithms, and imaging protocols to determine broader applicability. Additional
image quality parameters such as spatial resolution, contrast resolution, and radiation dose
assessment may also be investigated to further validate the effectiveness of the fabricated
phantom for CT quality assurance and imaging research applications.
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