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Abstract

Recent advances in computed tomography (CT) have led to 
significant improvements in quantitative imaging capabilities while 
emphasizing the critical importance of radiation dose optimization. 
This review synthesizes findings from ten key papers published 
between 2022 and 2025, focusing on the integration of advanced 
computational methods, artificial intelligence (AI), and novel 
scanning protocols. The analysis reveals promising developments in 
dose reduction strategies while maintaining or improving image 
quality, with particular emphasis on clinical applications, 
methodological innovations, and future directions.
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1. Introduction

Computed tomography (CT) imaging has revolutionized medical 
diagnostics since its inception, offering unparalleled insight into 
human anatomy and pathology. As technology advances, two major 
priorities have emerged: enhancing quantitative imaging capabilities 
and optimizing radiation doses to safeguard patients without 
compromising diagnostic quality.
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Quantitative imaging in CT aims to extract numerical information that 
reflects tissue properties, moving beyond traditional qualitative 
assessments. However, the benefits of enhanced imaging must be 
balanced with the imperative to minimize radiation exposure—a 
principle rooted in the ALARA (As Low As Reasonably Achievable) 
concept.

This review examines the latest developments at the intersection of 
radiology and physics, emphasizing how new computational tools, AI, 
and innovative technologies are shaping a safer and more precise 
future for CT imaging. We highlight key methodological advances, 
explore clinical applications, and suggest future directions for research 
and practice.

2. Methodological Advances

2.1 Deep Learning Applications

The application of  deep learning  in CT imaging marks a paradigm 
shift in dose optimization strategies. Neural networks, particularly 
convolutional neural networks (CNNs), have been trained to 
reconstruct high-quality images from low-dose data, preserving critical 
diagnostic information while reducing noise and artifacts.

Recent studies (e.g., Immonen et al. [3]) have demonstrated the 
effectiveness of AI-based denoising algorithms, which enable clinicians 
to acquire diagnostically acceptable images at a fraction of the 
traditional radiation dose. These models are often trained on paired 
datasets (high-dose and low-dose images) to learn the mapping 
between noisy and clear images.

In clinical practice, AI-driven techniques have led to up to 60% dose 
reduction in specific protocols, such as chest and abdominal CT, 
without significant compromise in diagnostic confidence. Importantly, 
these technologies are gradually being embedded into scanner 
hardware and post-processing software, facilitating widespread 
adoption.

Furthermore, Generative Adversarial Networks (GANs) have shown 
promise in creating synthetic high-quality images from low-dose 
inputs, offering additional avenues for dose reduction.



2.2 Computational Methods

Beyond deep learning, traditional computational approaches have 
contributed substantially to dose optimization. Iterative 
Reconstruction (IR) techniques, such as Adaptive Statistical Iterative 
Reconstruction (ASIR) and Model-Based Iterative Reconstruction 
(MBIR), have set new standards for image quality at reduced radiation 
doses.

Dudhe et al. [4] reviewed various IR algorithms, emphasizing their role 
in reducing noise, enhancing contrast resolution, and enabling low-
dose protocols without sacrificing anatomical detail. In contrast to the 
filtered back-projection (FBP) methods of the past, IR methods can 
model the physical processes of photon interaction and detector 
response, yielding superior images at lower exposures.

Moreover, hybrid methods combining IR with AI-based post-
processing are currently under exploration, potentially offering 
synergistic improvements in both speed and image fidelity.

3. Clinical Implementation

3.1 Protocol Standardization

One of the major challenges in achieving dose optimization is the  
variability  across clinical settings. Differences in scanner models, 
operator expertise, and clinical indications often lead to inconsistencies 
in radiation exposure.

Standardized protocols have emerged as an essential solution. Recent 
initiatives, such as the European Society of Radiology's guidelines and 
the American College of Radiology’s Dose Index Registry, promote best 
practices for protocol development.

Vattay et al. [5] highlight how photon-counting CT systems, when 
paired with standardized acquisition parameters, significantly enhance 
both qualitative and quantitative image quality while maintaining 
consistent radiation exposure across institutions.

The development of  body-size adaptive protocols  represents another 
major advancement. These protocols automatically adjust radiation 
output based on patient size and anatomy, ensuring optimal image 
quality with minimal exposure.
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3.2 Quantitative Analysis

Quantitative imaging in CT focuses on extracting objective 
measurements, such as lung density in interstitial lung disease or bone 
mineral density in opportunistic osteoporosis screening.

Recent work by Walsh et al. [6] and Lagzouli et al. [7] emphasizes the 
clinical relevance of quantitative data, showing that robust automated 
measurements can enhance diagnostic accuracy, monitor disease 
progression, and even predict clinical outcomes.

Quantitative CT (qCT) demands rigorous attention to dose 
optimization, as measurement precision is highly sensitive to noise and 
artifacts. Lowering the radiation dose too much can impair quantitative 
accuracy, highlighting the delicate balance that must be maintained.

Advances in  texture analysis  and  radiomics —the extraction of large 
amounts of features from images—further underscore the importance 
of preserving image quality, even at reduced radiation levels.

4. Future Directions

4.1 Emerging Technologies

The advent of  photon-counting CT (PCCT)  technology is poised to 
redefine the landscape of CT imaging. Unlike conventional energy-
integrating detectors, PCCT offers energy-resolved imaging, enabling 
material differentiation, noise reduction, and spectral imaging at lower 
doses.

Li et al. [8] suggest that photon-counting detectors can achieve superior 
spatial resolution and contrast-to-noise ratios, opening the door to 
ultra-low-dose imaging protocols previously unattainable.

Concurrently,  AI integration  across the entire imaging chain—from 
patient positioning to image interpretation—is expected to further 
refine dose optimization efforts. Automated exposure control systems, 
guided by machine learning algorithms, are being designed to tailor 
scan parameters in real-time based on patient anatomy and clinical 
indications.
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4.2 Clinical Applications

Applications of dose-optimized quantitative CT are expanding rapidly:

- Pulmonary Imaging:  AI-based perfusion analysis from non-contrast
chest CTs shows promise in diagnosing pulmonary embolism and other
vascular conditions (Li et al. [8]).

- Oncology:  Quantitative assessment of tumor heterogeneity and
response to therapy through radiomics features extracted from low-dose
CT scans enhances personalized treatment planning.

- Cardiac Imaging:  Photon-counting CT enables high-resolution
coronary imaging with lower radiation doses, as demonstrated by Vattay
et al. [5].

- Skeletal Health:  Huber et al. [9] demonstrated how opportunistic
screening during lung cancer CT scans can identify osteoporosis risk,
optimizing preventive healthcare without additional radiation exposure.

- Chronic Respiratory Diseases:  Liu et al. [10] illustrated the utility of
quantitative CT metrics in diagnosing and monitoring eosinophilic
chronic obstructive pulmonary disease (e-COPD), suggesting a role for
dose-optimized CT in chronic disease management.

5. Challenges and Considerations

While the future of dose-optimized quantitative imaging is bright, several 
challenges remain:

- Validation Across Populations:  AI models trained on specific datasets
may not generalize across different populations, scanner types, or clinical
settings.

- Regulatory and Ethical Concerns:  The adoption of AI and new
technologies must align with evolving regulatory frameworks, ensuring
patient safety, privacy, and data integrity.

- Cost and Accessibility:  The high costs associated with implementing
advanced technologies, such as photon-counting CT, may limit
accessibility in resource-constrained settings, potentially exacerbating
healthcare disparities.
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- Training and Education:  Radiologists, technologists, and medical
physicists must be trained in new technologies and methodologies to
fully leverage their potential while maintaining high standards of patient
care.

6. Conclusion

The integration of advanced quantitative imaging techniques with 
robust dose optimization strategies represents a major leap forward in 
CT imaging. Through a fusion of radiology, physics, and computational 
science, new methods are enabling more precise, safer, and more 
informative diagnostic scans.

The coming years will likely witness even more profound 
transformations driven by photon-counting technology, deep learning, 
and personalized scanning protocols. However, careful implementation, 
standardization, and ethical oversight are critical to ensuring that these 
innovations truly benefit patient care across all populations.

By maintaining a dual focus on  technological innovation  and  patient-
centered care , the field of CT imaging will continue to advance, offering 
ever greater diagnostic power while upholding the principle of "as low as 
reasonably achievable" radiation exposure.
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