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Abstract 

Fatty liver disease is driven by a multifactorial process involving increased fatty acid uptake, 

enhanced de novo lipogenesis, impaired mitochondrial oxidation, insulin resistance, lipotoxicity, 

oxidative stress, and inflammation. These mechanisms promote the progression from simple steatosis 

to steatohepatitis and, ultimately, fibrosis, which is the main determinant of long-term prognosis. 

Advanced fibrosis is strongly associated with cirrhosis, liver failure, and hepatocellular carcinoma, 

making its early identification essential for risk stratification and treatment planning. Imaging plays a 

central role in the noninvasive evaluation of both steatosis and fibrosis. Ultrasound remains the most 

http://iaimjournal.com/
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practical first-line modality for screening because it is accessible, noninvasive, and cost-effective, 

although its sensitivity decreases in mild steatosis. Computed tomography can identify hepatic fat 

through attenuation changes, but its use is limited by radiation exposure and lower sensitivity for early 

disease. Magnetic resonance imaging, particularly proton density fat fraction, provides the most 

accurate quantification of liver fat, while magnetic resonance elastography has emerged as the most 

reliable noninvasive technique for fibrosis staging, especially in early disease. Current clinical 

assessment should follow a stepwise and multimodal approach, beginning with noninvasive tests such 

as the FIB-4 index, followed by elastography or additional blood-based tests when indicated. The 

integration of imaging findings with clinical and laboratory data improves risk stratification and helps 

identify patients requiring specialist referral. Emerging advances, including quantitative ultrasound, 

multiparametric magnetic resonance imaging, artificial intelligence, and radiomics, may further 

enhance diagnostic accuracy and reduce reliance on liver biopsy in the future. 
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Introduction 

Nonalcoholic fatty liver disease is defined by 

hepatic fat content exceeding 5% in the absence 

of significant alcohol consumption or other 

causes of liver disease. Although the term 

metabolic dysfunction-associated fatty liver 

disease has been proposed in order to emphasize 

the central role of metabolic risk factors, 

nonalcoholic fatty liver disease continues to be 

widely used in the literature. This condition has 

major global clinical relevance, as it affects up to 

30% of adults worldwide and has become one of 

the leading indications for liver transplantation, 

particularly among women and older adults [1, 

2]. In addition, its impact extends beyond the 

liver, since it is associated with increased risks of 

cardiovascular disease, type 2 diabetes, and 

chronic kidney disease [3]. 

 

The clinical course of nonalcoholic fatty liver 

disease spans a broad spectrum. It begins with 

simple steatosis and may progress to 

nonalcoholic steatohepatitis, which is 

characterized by inflammation and hepatocellular 

injury and may subsequently lead to fibrosis, 

cirrhosis, and hepatocellular carcinoma [3, 4]. 

Within this progression, fibrosis stage has 

emerged as the strongest predictor of liver-

related outcomes, including mortality [5]. For 

this reason, early diagnosis and appropriate risk 

stratification are essential in order to prevent 

progression to advanced fibrosis and cirrhosis. In 

this context, noninvasive tests such as the 

Fibrosis-4 index and imaging biomarkers are 

recommended for patient stratification [6, 7]. 

 

Imaging therefore plays a central role in the 

evaluation of hepatic steatosis and fibrosis. 

Modalities such as ultrasound, magnetic 

resonance imaging, and elastography are 

commonly used for this purpose. Among them, 

magnetic resonance imaging-derived proton 

density fat fraction offers particularly high 

diagnostic accuracy for the quantification of liver 

fat content. However, although conventional 

imaging methods are useful, they may not 

achieve the same sensitivity and specificity as 

elastographic techniques such as transient 

elastography and magnetic resonance 

elastography [8, 9]. Elastography is especially 

relevant because it provides quantitative 

measurements of liver stiffness that correlate 

with fibrosis severity and offers a less invasive 

alternative to liver biopsy [7, 10]. 

 

 The objective of this review is to To analyze the 

role of imaging modalities in the diagnosis and 

risk stratification of fatty liver disease, with 

emphasis on their correlation with fibrosis stage 
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and on the comparative value of conventional 

imaging techniques versus elastography for the 

noninvasive assessment of disease severity. 

 

Methodology 

This manuscript was developed as a structured 

narrative review aimed at providing an updated 

and clinically integrated analysis of imaging-

based diagnosis and risk stratification in fatty 

liver disease, with particular emphasis on the 

correlation between imaging findings and 

fibrosis stage, as well as on the comparative 

value of conventional imaging modalities and 

elastography in noninvasive assessment. The 

review was conducted in accordance with the 

SANRA (Scale for the Assessment of Narrative 

Review Articles) framework and followed a 

predefined methodological protocol established 

prior to literature screening. Given the clinical 

heterogeneity of fatty liver disease, the 

variability in imaging performance across 

modalities, and the evolving criteria for fibrosis 

assessment, a narrative interpretative synthesis 

was selected over quantitative pooling in order to 

integrate radiologic, metabolic, and prognostic 

considerations into a coherent and clinically 

applicable framework. Special attention was 

given to the diagnostic performance of 

ultrasound, computed tomography, magnetic 

resonance imaging, and elastographic techniques, 

as well as to their correlation with fibrosis 

severity and their role in noninvasive patient 

stratification. The objective was to provide a 

structured synthesis capable of supporting 

clinical decision-making in the evaluation of 

patients with suspected or established fatty liver 

disease. 

 

A comprehensive literature search was conducted 

in PubMed, Scopus, and Web of Science, 

including peer-reviewed articles published in 

English or Spanish between January 2020 and 

December 2025. The final search was performed 

in April 2026. This timeframe was selected to 

capture contemporary advances in imaging-based 

quantification of hepatic steatosis, the 

development of elastographic techniques, 

updated diagnostic algorithms for fatty liver 

disease, and the growing emphasis on fibrosis as 

the principal determinant of prognosis. 

Foundational studies were incorporated when 

necessary to contextualize pathophysiological 

mechanisms, imaging principles, and the 

historical evolution of noninvasive liver 

assessment. The search strategy combined MeSH 

and free-text terms using Boolean operators 

related to fatty liver disease, nonalcoholic fatty 

liver disease, metabolic dysfunction-associated 

fatty liver disease, hepatic steatosis, liver 

fibrosis, ultrasound, computed tomography, 

magnetic resonance imaging, proton density fat 

fraction, transient elastography, shear wave 

elastography, magnetic resonance elastography, 

liver stiffness, and noninvasive stratification. 

Searches were conducted in titles and abstracts as 

well as indexed subject headings to maximize 

sensitivity. 

 

The initial search yielded 226 records. After 

removal of duplicates, 181 articles remained for 

title and abstract screening. Of these, 104 

underwent full-text evaluation, and 58 studies 

were included in the final synthesis. Selection 

was performed independently by two authors, 

with disagreements resolved through discussion 

and consensus. Exclusion criteria comprised 

non–peer-reviewed publications, isolated case 

reports, editorials without primary or synthesized 

outcome data, redundant datasets, studies lacking 

direct imaging evaluation of steatosis or fibrosis, 

and articles not specifically addressing diagnostic 

performance, fibrosis correlation, or comparative 

assessment between conventional imaging and 

elastography in fatty liver disease. 

 

Eligible studies included randomized controlled 

trials, large observational cohorts, diagnostic 

accuracy studies, systematic reviews, meta-

analyses, expert consensus statements, and 

contemporary international guidelines from 

hepatology, radiology, and metabolic disease 

societies. Priority was assigned to multicenter 

investigations, studies using standardized fibrosis 

definitions or histologic reference standards, and 
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research evaluating diagnostic accuracy, 

correlation with fibrosis stage, reproducibility, 

and clinical applicability of imaging methods. 

Extracted variables included study design, 

patient population, fatty liver disease definition, 

imaging modality, fibrosis assessment method, 

elastographic technique when applicable, 

diagnostic thresholds, measures of sensitivity and 

specificity, correlation with fibrosis severity, and 

reported limitations. Methodological quality and 

internal validity were assessed narratively, 

considering risk of bias, sample size, follow-up 

duration when relevant, consistency of diagnostic 

criteria, technical reproducibility, and 

generalizability of findings. In cases of 

conflicting evidence, greater interpretative 

weight was assigned to higher-level evidence and 

guideline-supported recommendations. 

 

Reference lists of included studies were 

manually screened to identify additional relevant 

publications. Given its narrative design, this 

review is subject to potential selection bias and 

does not provide pooled quantitative estimates. 

Artificial intelligence-based tools were used 

exclusively to assist in literature organization and 

structural coherence, whereas critical appraisal, 

synthesis, and final interpretation were 

conducted independently by the authors to 

preserve methodological rigor. 

 

Pathophysiological Basis of Fatty Liver 

Disease and Fibrosis Progression 

The accumulation of hepatic lipids is primarily 

driven by increased fatty acid uptake, elevated de 

novo lipogenesis, and impaired mitochondrial 

oxidation [11, 12]. This process is further 

complicated by insulin resistance, which 

exacerbates lipid deposition by promoting de 

novo lipogenesis and increasing the release of 

free fatty acids from lipolysis in adipose tissue. 

In addition, lipotoxic intermediates such as 

diacylglycerols and ceramides contribute to both 

lipid storage in the liver and the worsening of 

insulin resistance [13]. 

 

In this context, insulin resistance is a central 

feature of steatotic liver disease associated with 

metabolic dysfunction and plays a direct role in 

the development of steatosis and hepatic 

inflammation [13, 14]. In parallel, lipotoxicity 

arises as a consequence of the accumulation of 

toxic lipid species, leading to organelle 

dysfunction, including endoplasmic reticulum 

and mitochondrial stress [15]. In turn, oxidative 

stress, resulting from the increase in reactive 

oxygen species, amplifies hepatocellular damage 

and promotes a progressive inflammatory 

response [14]. 

 

The transition from simple steatosis to 

steatohepatitis involves the development of 

hepatocyte injury, inflammation, and fibrosis. 

This process does not occur in isolation but 

depends on a continuous interaction between 

hepatocytes, macrophages, and hepatic stellate 

cells, whose communication establishes a 

persistent cycle of immune activation and tissue 

remodeling. In this scenario, key metabolites 

such as saturated fatty acids and free cholesterol 

act as paracrine signals that reinforce both the 

inflammatory and fibrogenic responses [11, 16]. 

 

Regarding fibrogenesis, the activation of hepatic 

stellate cells is a fundamental event, as it leads to 

the deposition of extracellular matrix and the 

development of hepatic fibrosis. Additionally, 

chronic hepatocyte injury and death promote the 

recruitment of myeloid cells and stimulate the 

secretion of inflammatory and fibrogenic 

cytokines [11, 16]. Furthermore, the role of lipid 

droplets in the regulation of lipid metabolism and 

cell signaling within the pathogenesis of 

advanced liver diseases is increasingly 

recognized [17]. 

 

From a clinical perspective, the stage of fibrosis 

is the most important predictor of outcomes in 

steatotic liver disease associated with metabolic 

dysfunction and in steatohepatitis associated with 

metabolic dysfunction. Therefore, non-invasive 

tests are used to assess the stage of fibrosis and 

disease severity, guiding both therapeutic 
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decisions and monitoring the response to 

treatment [18]. This prognostic relevance is 

explained by the fact that advanced fibrosis is 

associated with a higher risk of cirrhosis, liver 

failure, and hepatocellular carcinoma [16]. 

Therefore, emerging pharmacotherapies and 

lifestyle modifications, such as sustained weight 

loss, are essential for managing the disease and 

preventing fibrosis progression [13, 18]. 

 

Conventional Imaging Techniques for the 

Diagnosis of Hepatic Steatosis 

Abdominal ultrasound plays a central role as a 

first-line imaging modality in the evaluation of 

hepatic steatosis due to its accessibility, non-

invasive nature, and cost-effectiveness, which 

has led to its widespread use as an initial 

screening tool in clinical practice. On ultrasound 

examination, fatty liver is usually identified by 

characteristic findings such as increased hepatic 

echogenicity, increased liver-kidney contrast, 

and obliteration of vascular structures, changes 

that tend to be more evident in cases of moderate 

to severe steatosis [8, 19]. However, although 

conventional ultrasound is effective in detecting 

more advanced forms of fatty infiltration, its 

sensitivity decreases in the presence of mild 

steatosis. In response to this limitation, 

quantitative ultrasound techniques, such as the 

ultrasound-derived fat fraction and the 

ultrasound-guided attenuation parameter, have 

been developed to improve diagnostic accuracy 

and expand the clinical utility of this method [20, 

21]. 

 

Computed tomography can also be used to detect 

hepatic fatty infiltration by assessing liver tissue 

attenuation. In this context, lower attenuation 

correlates with higher fat content, allowing for a 

quantitative approximation of the degree of 

steatosis and favoring its use in opportunistic 

screening strategies [19]. Among the most 

commonly used diagnostic criteria is a liver 

attenuation value of less than 40 Hounsfield 

units, considered indicative of significant 

steatosis [22]. However, despite its usefulness, 

CT has significant limitations, as it involves 

exposure to ionizing radiation and has lower 

sensitivity than magnetic resonance imaging 

(MRI) for detecting mild steatosis [23]. 

 

In contrast, MRI, particularly using proton 

density fat fractionation, is considered the gold 

standard for quantifying liver fat due to its high 

accuracy and reproducibility [22, 23]. This 

technique allows for precise quantification of 

hepatic lipid content and outperforms both 

ultrasound and computed tomography in 

diagnostic performance, especially in mild cases 

of steatosis [24]. 

 

In overall comparisons between modalities, 

proton density fat fraction magnetic resonance 

imaging (MRI) consistently demonstrates 

superior performance compared to ultrasound 

and computed tomography in detecting hepatic 

steatosis, particularly in its early stages. 

However, some advanced ultrasound techniques, 

such as attenuation imaging and ultrasound-

guided attenuation parameters, have shown 

improved performance and, in certain studies, 

results comparable to those of MRI [20, 24]. 

From a practical perspective, although MRI 

offers the highest diagnostic accuracy, its high 

cost and more limited availability restrict its 

application as a mass screening tool. Therefore, 

ultrasound remains the most practical alternative 

for initial assessment and broad screening of 

hepatic steatosis, while computed tomography 

may be useful in contexts where MRI is not 

available [19]. 

 

Elastography as a Noninvasive Reference 

Method 

Fibrosis assessment is of fundamental 

importance in the progression of nonalcoholic 

fatty liver disease to more advanced stages, such 

as cirrhosis and hepatocellular carcinoma, as it 

represents one of the main determinants of 

disease severity and clinical prognosis [26, 27]. 

In this regard, early detection and accurate 

staging of fibrosis can significantly influence 

treatment outcomes and the planning of patient 

management [28, 9]. Because of the limitations 
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of liver biopsy, including its invasive nature and 

high cost, noninvasive imaging techniques such 

as elastography have been developed in order to 

provide safer and more clinically applicable 

alternatives [27, 30]. 

 

In advanced stages of fibrosis and cirrhosis, 

imaging studies may demonstrate indirect 

radiologic signs related to morphological 

alterations of the liver and portal circulation. 

These findings include a nodular liver surface, 

splenomegaly, and the presence of varices, which 

can be identified through different imaging 

modalities and may support the diagnosis of 

advanced liver disease [28, 31]. Both ultrasound 

and magnetic resonance imaging allow 

visualization of these structural changes, 

reinforcing their usefulness in identifying more 

advanced forms of hepatic injury [30]. 

 

However, conventional imaging techniques, such 

as standard ultrasound and computed 

tomography, have important limitations in the 

detection of fibrosis in its early stages [28, 30]. 

In particular, these methods often lack the 

sensitivity and specificity required to accurately 

differentiate between mild and moderate fibrosis, 

which has driven the need to incorporate more 

advanced tools for a more precise evaluation of 

liver damage [27, 32]. 

 

From a morphological perspective, each imaging 

modality may provide findings suggestive of 

fibrosis. On ultrasound, changes in hepatic 

echotexture and increased liver stiffness may 

suggest the presence of fibrosis [30]. Computed 

tomography may show nodularity of the liver 

surface and alterations in liver volume, although 

its sensitivity for detecting fibrosis is lower than 

that of magnetic resonance imaging. In turn, 

magnetic resonance imaging provides high-

contrast images and allows identification of 

subtle changes in liver tissue, making it an 

effective tool for fibrosis detection [28, 31]. 

 

In addition, contrast-enhanced studies, 

particularly computed tomography and magnetic 

resonance imaging, may improve visualization of 

hepatic architecture and vascular alterations 

associated with fibrosis [32]. In this way, these 

techniques contribute not only to the evaluation 

of the hepatic parenchyma, but also to a better 

detection of fibrosis-related complications, such 

as portal hypertension [28]. 

 

Despite these advances, there remains a growing 

need for more precise noninvasive tools to 

quantify fibrosis, given that currently available 

methods still have limitations in sensitivity and 

specificity [29]. In this context, advanced 

techniques such as magnetic resonance 

elastography and shear wave elastography have 

shown promising accuracy for fibrosis staging 

[30, 33]. Likewise, the integration of artificial 

intelligence and radiomics with imaging 

modalities is being explored with the aim of 

improving diagnostic accuracy and overcoming 

existing limitations in the noninvasive evaluation 

of hepatic fibrosis [26, 32]. 

 

Correlation Between Imaging Findings 

and Histologic or Elastographic Fibrosis 

The correlation between the degree of steatosis 

and the severity of fibrosis has been the subject 

of multiple imaging studies, particularly those 

using magnetic resonance imaging. In this 

context, magnetic resonance imaging techniques, 

especially proton density fat fraction, allow 

precise quantification of hepatic steatosis. 

However, available evidence indicates that there 

is no significant relationship between liver 

stiffness measurement and proton density fat 

fraction, suggesting that steatosis does not 

substantially influence fibrosis severity when the 

latter is assessed by magnetic resonance 

elastography [37]. Similarly, in overweight and 

obese patients with nonalcoholic fatty liver 

disease, magnetic resonance imaging with proton 

density fat fraction has shown high diagnostic 

accuracy for detecting steatosis, although its 

correlation with fibrosis severity remains limited 

[34]. 
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Regarding the relationship between conventional 

imaging findings and liver stiffness, ultrasound-

based techniques have been compared with 

magnetic resonance elastography in the 

assessment of fibrosis. In general, magnetic 

resonance elastography has shown greater 

accuracy than ultrasound shear wave 

elastography for detecting early stages of 

fibrosis, although both methods demonstrate 

similar performance in cases of advanced fibrosis 

[35]. In addition, several studies have shown that 

magnetic resonance elastography is not affected 

by the presence of hepatic steatosis, which 

reinforces its reliability for evaluating liver 

stiffness across different grades of fat infiltration 

[37]. 

 

The diagnostic accuracy of ultrasound compared 

with elastography for fibrosis stratification has 

also been widely analyzed. Ultrasound 

elastography methods, including transient 

elastography and point shear wave elastography, 

are useful for classifying the degree of fibrosis. 

Nevertheless, their accuracy may be 

compromised in the presence of severe steatosis, 

a setting in which magnetic resonance 

elastography may provide more reliable results 

[36]. Consistent with this, magnetic resonance 

elastography has demonstrated superior 

diagnostic accuracy compared with ultrasound 

elastography in the early stages of fibrosis, 

whereas both techniques are comparable in 

advanced stages [35]. 

 

Moreover, magnetic resonance techniques play a 

particularly important role in the simultaneous 

assessment of liver fat and fibrosis. The 

combination of magnetic resonance elastography 

with proton density fat fraction allows concurrent 

evaluation of steatosis and fibrosis, thereby 

providing a comprehensive assessment of hepatic 

status. This dual capability is especially useful in 

the management of nonalcoholic fatty liver 

disease, in which both alterations commonly 

coexist [34, 37]. Likewise, the integration of 

magnetic resonance elastography with other 

magnetic resonance techniques, such as dynamic 

contrast-enhanced magnetic resonance imaging, 

may increase diagnostic accuracy, although 

magnetic resonance elastography remains faster 

and simpler for routine clinical use [38]. 

 

With respect to concordance and discordance 

among imaging modalities, concordance between 

different elastographic techniques, such as S-

Shearwave Imaging and two-dimensional shear 

wave elastography, is generally good, although 

discrepancies may arise in cases of severe 

steatosis [36, 39]. Similarly, magnetic resonance 

elastography and ultrasound elastography 

methods show high concordance in the detection 

of advanced fibrosis, but magnetic resonance 

elastography maintains greater consistency 

across all fibrosis stages [35]. 

 

In noninvasive liver evaluation, elastography, 

particularly magnetic resonance elastography, 

represents a highly valuable comparator because 

of its high reproducibility and accuracy in 

fibrosis staging [30, 32]. The use of these 

techniques as a reference standard in studies 

assessing new imaging modalities underscores 

their importance in contemporary clinical 

practice [40]. From an applied perspective, 

combining different imaging modalities, such as 

magnetic resonance elastography and ultrasound 

elastography, can increase diagnostic confidence 

and provide a more comprehensive assessment of 

liver health. This approach is especially useful in 

complex cases in which findings from a single 

modality may be ambiguous [35]. Consequently, 

clinicians can take advantage of the strengths of 

each technique to individualize diagnostic and 

therapeutic strategies, thereby optimizing 

outcomes in the management of fatty liver 

disease [30]. 

 

Diagnostic Algorithms and Risk 

Stratification in Clinical Practice 

The diagnostic approach should be carried out in 

a stepwise manner, beginning with an initial 

screening stage in patients who present metabolic 

risk factors, such as obesity and type 2 diabetes 

mellitus. In these cases, the use of noninvasive 
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tests, such as the FIB-4 index, is recommended 

in order to identify individuals at potential risk of 

advanced fibrosis. This first step allows a more 

appropriate selection of patients who require a 

more in-depth evaluation [41, 42]. 

 

When the FIB-4 index is positive, that is, with 

values equal to or greater than 1.3, it is advisable 

to continue with a sequential evaluation using 

transient elastography or a patented blood test. 

This stepwise approach helps reduce the number 

of indeterminate cases and decreases the need for 

liver biopsies, thereby optimizing the diagnostic 

process and minimizing invasive procedures [41, 

43]. 

 

The selection of the imaging modality depends 

on the clinical setting and the resources 

available. Ultrasound is widely accessible and 

cost-effective, making it a suitable tool for large-

scale screening. However, magnetic resonance 

imaging provides a more precise quantification 

of liver fat and fibrosis, although its availability 

is more limited in many healthcare settings. 

Among these tools, techniques such as shear 

wave elastography have proven effective for the 

evaluation of hepatic fibrosis and have gained 

increasing relevance in clinical practice due to 

their noninvasive nature and diagnostic accuracy 

[30, 44]. 

 

The interpretation of imaging findings should be 

integrated with clinical and laboratory data in 

order to improve risk stratification. The 

combination of abnormalities observed on 

imaging with biochemical markers and clinical 

factors, such as elevated liver enzymes and the 

presence of metabolic syndrome, increases the 

accuracy of prognostic assessment [45]. 

Likewise, noninvasive tests play an essential role 

in identifying patients who require a more 

thorough evaluation or referral to hepatology 

specialists, in addition to being useful for 

monitoring therapeutic response and assessing 

long-term outcomes [18]. 

 

Based on this comprehensive evaluation, patients 

can be classified into low-, intermediate-, or 

high-risk categories according to the presence of 

significant fibrosis. This stratification guides the 

intensity of follow-up and the necessary 

therapeutic interventions [43]. In particular, 

patients identified as high risk, especially those 

with advanced fibrosis, should be referred to 

hepatology for specialized management and for 

consideration of specific pharmacologic 

treatment [18]. 

 

Within this framework, multimodal noninvasive 

approaches have gained particular importance. 

The integration of different imaging modalities 

and noninvasive tests can increase diagnostic 

accuracy and further reduce the need for invasive 

procedures such as liver biopsy [43, 44]. Looking 

ahead, emerging technologies and new 

methodologies, such as advanced magnetic 

resonance imaging techniques and quantitative 

ultrasound, show considerable potential to 

further improve the noninvasive evaluation of 

liver disease [30]. 

 

Limitations, Challenges, and Emerging 

Imaging Advances 

The limitations of current imaging methods in 

the setting of obesity and early fibrosis continue 

to represent an important challenge in the 

noninvasive evaluation of liver disease. 

Techniques such as magnetic resonance 

elastography and ultrasound shear wave 

elastography are subject to variability in 

interpretation, which can affect diagnostic 

accuracy. Although magnetic resonance 

elastography has been shown to be more accurate 

than ultrasound shear wave elastography for 

detecting early-stage fibrosis, its use requires 

specialized readers and remains susceptible to 

methodological variability. In addition, 

noninvasive methods may underdiagnose mild 

fibrosis because of their limited sensitivity in the 

earliest phases of disease. In this regard, both 

ultrasound shear wave elastography and 

magnetic resonance elastography have shown 

significant differences in accuracy for detecting 
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mild fibrosis, with magnetic resonance 

elastography demonstrating more reliable 

performance [35, 45]. 

 

Another relevant aspect concerns the differences 

in accessibility and cost among imaging 

modalities. Magnetic resonance imaging-based 

technologies, although highly accurate, are 

expensive and less accessible than ultrasound, 

which is more affordable and widely available in 

clinical practice. This disparity limits the 

widespread adoption of advanced imaging 

techniques and influences diagnostic decisions 

according to the clinical setting and the 

availability of resources [30, 46]. 

 

At the same time, artificial intelligence and 

radiomics are gaining increasing importance in 

liver imaging. The use of convolutional neural 

networks for the automated analysis of data 

obtained through magnetic resonance 

elastography has shown strong agreement with 

manual methods, suggesting substantial potential 

to reduce interobserver variability and decrease 

dependence on expert analysts [47]. Radiomics, 

in turn, is based on the extraction of a large 

number of quantitative features from medical 

images and may expand the diagnostic and 

prognostic capabilities of imaging techniques. 

However, its application in liver evaluation is 

still in the early stages of development [48]. 

 

In addition, multiparametric magnetic resonance 

imaging and other advanced quantitative 

techniques have shown high diagnostic 

performance in the characterization of fatty liver 

disease. Modalities such as magnetic resonance 

spectroscopy and intravoxel incoherent motion 

have demonstrated usefulness in distinguishing 

between simple steatosis and nonalcoholic 

steatohepatitis, as well as in assessing fibrosis 

severity [49]. Likewise, quantitative techniques 

such as magnetic resonance imaging proton 

density fat fraction and transient elastography-

controlled attenuation parameter have proven 

effective for quantifying hepatic steatosis, 

although magnetic resonance imaging proton 

density fat fraction has shown superior accuracy 

[50]. 

 

Looking ahead, imaging-based strategies for 

fibrosis prediction will likely benefit from closer 

integration with clinical and serum biomarkers. 

The combination of imaging techniques with 

biomarkers, such as the enhanced liver fibrosis 

score, may increase diagnostic precision and 

improve risk stratification [7]. Nevertheless, 

further research remains necessary to standardize 

imaging-based noninvasive liver disease 

assessment techniques, particularly in pediatric 

populations and across different etiologies of 

liver disease, in order to improve their 

applicability and consistency in clinical practice 

[33]. 

 

Conclusions 

Fatty liver disease and its progression to 

advanced fibrosis result from a complex 

interaction among lipid accumulation, insulin 

resistance, lipotoxicity, oxidative stress, and 

inflammation, all of which drive the transition 

from simple steatosis to steatohepatitis and 

fibrogenesis. In this setting, fibrosis stage 

emerges as the main prognostic determinant and 

a central factor for guiding clinical management. 

 

In imaging evaluation, ultrasound remains the 

most practical tool for the initial screening of 

hepatic steatosis because of its accessibility and 

cost-effectiveness, whereas magnetic resonance 

imaging, particularly through proton density fat 

fraction and magnetic resonance elastography, 

offers the highest accuracy for quantifying liver 

fat and fibrosis, outperforming computed 

tomography and several ultrasound-based 

techniques, especially in mild disease or early 

fibrosis. 

 

The current diagnostic approach should be 

stepwise and multimodal, integrating 

noninvasive tests, elastography, imaging 

findings, clinical data, and laboratory markers to 

stratify risk and identify patients who require 

specialist referral. Looking ahead, the 
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incorporation of artificial intelligence, radiomics, 

and advanced quantitative techniques may 

further improve diagnostic precision and reduce 

the need for liver biopsy. 
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