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EDITORIAL

Radiology and artificial intelligence: the radiologist as a leader
in the era of medical informatics

Roy Riascos
Department of Diagnostic and Interventional Imaging, Division of Neuroradiology, UTHealth Houston. Houston, Texas. United States of America

Radiology has historically been at the forefront of every
technological revolution that has shaped modern
medicine'. The introduction of computed tomography
(CT), followed by magnetic resonance imaging (MRI)
and later functional and molecular techniques, trans-
formed the way we study the nervous system and rede-
fined the role of the specialist?. Today, we are facing
an equally profound change, although less tangible at
first glance in the digital revolution and the rise of arti-
ficial intelligence (Al). This transformation is not limited
to adding new imaging modalities, but rather funda-
mentally reshapes how we conceive, process, and
apply the data obtained from each study. What is
changing now is the identity of the specialist who uses
the technology. In modern imaging practice the radiol-
ogist is the clinical architect of information flow respon-
sible for integrating multimodal data, guiding informatics
strategy, and safeguarding the transparency, quality,
and equity of new technologies.

The volume of information generated by modern
imaging studies has grown exponentially’2. A brain
MRI exam may include diffusion sequences, perfusion
maps, tractography, functional connectivity, and spec-
troscopy, in addition to traditional structural images. CT
imaging, for its part, produces thousands of slices with
increasingly fine resolution, iterative reconstructions,
and multiparametric studies that reveal not only anat-
omy but also physiology and dynamics. This abun-
dance of data represents an extraordinary opportunity,
but also a challenge in the real time integration, prior-
itization, and translation of this information into clinically
actionable decisions. The radiologist must embrace a
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role centered on transforming this ocean of data into
applicable knowledge that directly impacts patients
lives, shifting from passive image interpretation to
active orchestration of diagnostic insight?.

In this context, Al emerges as a powerful tool.
Algorithms can segment tumors, calculate hemorrhage
volumes, identify ischemic penumbras in a matter of
seconds, and prioritize studies according to urgency?®.
However, it is essential to remember that these systems
are statistical models trained on massive datasets and
lack clinical judgment. Most commercially available
algorithms have received preliminary authorizations
based on data provided by their manufacturers, but
they lack robust clinical studies demonstrating real
world impact or improved patient outcomes*. This is
where the radiologists responsibility becomes clear
because they must supervise, validate, and contextu-
alize the results generated by these tools to ensure
their use provides true clinical value rather than a false
sense of diagnostic certainty.

Before expanding the clinical use of Al it is essential
to recognize and mitigate its biases?. Among the most
common is selection bias, which occurs when the train-
ing data do not represent the population in which the
model will be deployed®. Another frequent issue is
shortcut learning, where the algorithm relies on spuri-
ous correlations such as artifacts or scanner labels
instead of true pathological features®. Hidden stratifica-
tion may also arise, masking systematic errors within
clinically important subgroups even when overall per-
formance appears high. Demographic imbalance can
further lead to uneven performance across gender,
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age, or ethnic groups®. Finally, dataset shift describes
the loss of accuracy that occurs when imaging proto-
cols, equipment or disease prevalence differ from those
in the original training population?. These sources of
bias represent failure modes that can silently under-
mine clinical safety if left unaddressed. The radiologist,
due to their clinical training and experience, is uniquely
positioned to identify these risks and to ensure that
each tool is validated locally, compared against the
institutions experts, and continuously monitored in its
performance.

Even when bias is carefully addressed, a second
layer of challenge emerges in the real cost and com-
plexity of implementing these tools in practice’. Another
critical aspect is the cost of deploying the technology.
Adopting Al does not simply mean purchasing a soft-
ware license. The real cost includes integration with
Vendor Neutral Archive (VNA) and Picture Archiving
and Communication System (PACS) and Radiology
Information System (RIS) systems, the required com-
puting infrastructure, staff training, technical support,
and continuous monitoring to prevent performance
degradation®”. In addition, the benefit should not be
measured solely in diagnostic accuracy but in clear
measurable clinical outcomes, such as reduced treat-
ment times in stroke care, decreased variability in
tumor interpretation, improved prediction of treatment
response or fewer errors in emergency settings.
Implementing a technology without a defined and mea-
surable outcome turns Al into an expensive solution.

Alongside cost and infrastructure, a third challenge
becomes evident in how these systems are organized
within the clinical ecosystem’. In this sense, it is essen-
tial to think in terms of platforms rather than isolated
applications. Purchasing tools designed for a single
task may seem appealing, but it carries the risk of cre-
ating silos that fragment practice and hinder integration.
The long term vision should be oriented toward interop-
erable platforms such as VNA, algorithm orchestration
layers and clinical Machine learning operations (MLOps)
environments that allow models to be swapped, new
solutions to be tested in parallel, and continuity to be
maintained without disrupting workflow. Through this
platform based approach can Al become a sustainable
clinical ally rather than an additional burden for the
radiologist.

Building on these infrastructural and organizational
barriers, Al must also meet several practical require-
ments to function safely and effectively at the point of
care*. The first is real clinical accuracy, which depends
on demonstrating that the algorithm’s performance

compares favorably with local radiologists and that it
adapts to the specific population served at each center.
The second is ease of integration, meaning the tech-
nology must fit seamlessly into PACS-RIS workflows
and everyday clinical practice without creating addi-
tional burdens for the specialist. The third is ecosystem
acceptance, as no tool will succeed unless it generates
trust among clinicians, administrators, and patients.
Achieving this requires accuracy, transparency, insight
into how the model reaches conclusions and a commu-
nication strategy that clearly conveys both the capabil-
ities and limitations of the technology.

As these technological and workflow demands inten-
sify, the global shortage of radiologists forces us to
rethink how clinical work is distributed. The solution
cannot be simply to train more specialists, as the learn-
ing curve is long and demand is growing even faster.
We must build teams in which the radiologist leads
clinical interpretation and decision-making, while
advanced technologists handle post-processing and
image quality, data engineers ensure algorithm inges-
tion and monitoring, and quality coordinators oversee
safety and regulatory compliance. This model does not
diminish the radiologists role, rather, it allows them to
concentrate on the tasks that still rely most heavily on
human judgment such as clinical synthesis, interdisci-
plinary communication, and strategic leadership in
technological integration.

Beyond institutional workflows, the global landscape
also offers strategic opportunities, particularly for
regions whose diversity can serve as a stress test for
emerging technologies. Latin America represents a
privileged setting for this process of validation and inno-
vation. The genetic and epidemiological diversity of our
region, together with the heterogeneity of our health
systems, offers the opportunity to test algorithms in
complex and challenging environments. Actively partic-
ipating in multicenter projects will not only strengthen
the technology but also position our institutions as
international leaders in research and development of
Al applied to radiology. To achieve this, it is essential
for our specialists to take an active role rather than
remaining passive recipients of technologies developed
in other contexts.

Finally, no technological advance can be considered
successful if it fails to meet fundamental ethical and
equity standards. Ethics and equity must permeate this
entire process. The implementation of Al in radiology
must ensure data privacy and anonymization, establish
mandatory medical supervision protocols to prevent
automated decisions without clinical judgment, promote



transparency toward patients, and verify that algorithm
performance is consistent across different population
subgroups. Neglecting these aspects can not only com-
promise patient safety but also compromise the trust
that sustains the discipline as a whole.

The conclusion is clear: Al will not replace radiolo-
gists, but it will transform their practice. The specialist
who understands medical informatics, leads integrated
platforms, identifies biases, and critically evaluates out-
comes will be the one who sets the course in the com-
ing years. Far from being a threat, we are facing a
historic opportunity to reaffirm the radiologists role as
a cornerstone of integrated diagnosis in modern med-
icine. The key is to embrace this revolution with enthu-
siasm, grounded in responsibility, discernment, and
genuine leadership.

Funding
The author declares that he has not received funding
for this study.

Conflicts of interest

The author declares no conflicts of interest.

Ethical considerations

Protection of human subjects and animals. The
author declares that no experiments on humans or ani-
mals were performed for this research.

R. Riascos. Radiology and artificial intelligence

Confidentiality, informed consent, and ethical
approval. This study does not involve personal patient
data, medical records, or biological samples, and does
not require ethical approval. SAGER guidelines do not

apply.

Declaration on the use of artificial intelligence.
The authors declare that no generative artificial intelli-
gence was used in the writing or creation of the content
of this manuscript.

REFERENCES

1. Thrall JH, Li X, Li Q, Cruz C, Do S, Dreyer K, et al. Artificial Intelligence
and Machine Learning in Radiology: Opportunities, Challenges, Pitfalls,
and Criteria for Success. J Am Coll Radiol. 2018;15(3 Pt B):504-508. doi:
10.1016/j.jacr.2017.12.026.

2. European Society of Radiology (ESR). What the radiologist should know
about artificial intelligence — an ESR white paper. Insights Imaging.
2019;10(1):44. doi: 10.1186/s13244-019-0738-2.

3. Erickson BJ, Korfiatis P, Akkus Z, Kline TL. Machine Learning for Medical
Imaging. RadioGraphics. 2017;37(2):505-515. doi: 10.1148/rg.2017160130.

4. Park SH, Han K. Methodologic Guide for Evaluating Clinical Performance
and Effect of Artificial Intelligence Technology for Medical Diagnosis
and Prediction. Radiology. 2018;286(3):800-809. doi: 10.1148/radiol.
2017171920.

5. Geirhos R, Jacobsen JH, Michaelis C, Zemel R, Brendel W, Bethge M,
et al. Shortcut learning in deep neural networks. Nat Mach Intell.
2020;2(11):665-673. doi: 10.1038/s41586-020-2649-2.

6. Larrazabal AJ, Nieto N, Peterson V, Milone DH, Ferrante E. Gender
imbalance in medical imaging datasets produces biased classifiers for
computer-aided diagnosis. Proc Natl Acad Sci. 2020;117(23):12592-12594.
doi: 10.1073/pnas.1919012117.

7. Sendak M, Gao M, Brajer N, Balu S, Nichols M, Lin A, et al. A path for
translation of machine learning products into healthcare delivery. EMJ
Innov [Internet]. 2020 [cited 20 Nov 2025];4(1):19-25. Available from:
https://www.emjreviews.com/innovations/article/a-path-for-translation-
of-machine-learning-products-into-healthcare-delivery/.


https://www.emjreviews.com/innovations/article/a-path-for-translation- of-machine-learning-products-into-healthcare-delivery/
https://www.emjreviews.com/innovations/article/a-path-for-translation- of-machine-learning-products-into-healthcare-delivery/

JMe/ R

Journal of the Mexican Federation

of Radiology and Imaging ‘ '.) Check for updates

IN-DEPTH REVIEW

Imaging evaluation of progressive collapsing foot deformity

Alfonso E. Maldonado-Morillo™(®, Alex Esnaola-Braceras®®®, Danilo E. Salazar-Chiriboga’®,

Gonzalo Moreno-Zamarro'® and Javier Fernandez-Jara’

"Radiodiagnostic Service, Hospital Universitario Fundacion Jimenez Diaz. Madrid; ?Radiodiagnostic Service, Hospital Universitario de Galdakao,
Bilbao. Spain

ABSTRACT

Progressive collapsing foot deformity (PCFD), previously known as adult-acquired flatfoot deformity, is a complex multifacto-
rial condition characterized by medial arch collapse, hindfoot valgus, and forefoot abduction. Imaging plays a central role in
diagnosis, staging, and treatment planning by providing objective assessment of structural and functional abnormalities.
Weight-bearing radiography remains the first-line modality for evaluating global alignment and key angular parameters.
However, complementary techniques such as ultrasound, computed tomography (CT), weight-bearing CT (WBCT), and mag-
netic resonance imaging (MRI) are essential for assessing soft tissue integrity, three-dimensional bone relationships, and
early pathological changes. Recent advances, including WBCT and artificial intelligence-based tools, have improved diag-
nostic accuracy and reproducibility. This review provides a comprehensive and practical overview of imaging findings in
PCFD, emphasizing the role of each modality, key radiological measurements, and their clinical relevance. The integration of
multimodality imaging is essential for accurate diagnosis, classification, and therapeutic decision-making.

Keywords: Progressive collapsing foot deformity. Flatfoot deformity. Saltzman view. Posterior tibial tendon. Spring ligament.

INTRODUCTION

Progressive collapsing foot deformity (PCFD), for-
merly known as adult-acquired flatfoot deformity, is a
complex and dynamic condition characterized by pro-
gressive failure of the medial longitudinal arch, hindfoot
valgus, and forefoot abduction. This condition includes

essential information for treatment planning. Weight-
bearing radiography remains the cornerstone of initial
assessment, enabling evaluation of global alignment
and standardized angular measurements. However, due
to the multifactorial nature of the deformity, complemen-
tary imaging modalities — including ultrasound, com-
puted tomography (CT), weight-bearing CT (WBCT),

a broad spectrum of structural and functional abnor-
malities involving osseous alignment, ligamentous
integrity, and tendon dysfunction — most notably of the
posterior tibial tendon'2.

Imaging plays a central role in the diagnosis, staging,
and management of PCFD by allowing objective char-
acterization of deformity components and providing
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and magnetic resonance imaging (MRI) — are often
required to assess soft tissue integrity, three-dimensional
bone relationships, and early or subtle pathological
changes'?5.

Despite advances in imaging techniques, variability
persists in clinical practice regarding the optimal use
and interpretation of each modality, particularly across
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Table 1. New consensus group classification for PCFD?

Component Description

A Hindfoot valgus

B Midfoot or forefoot abductus

C Forefoot supination, varus, or medial column
instability

D Peritalar subluxation or dislocation

E Ankle instability

PCFD: progressive collapsing foot deformity.

different stages of the disease. Additionally, the integra-
tion of emerging technologies, such as WBCT and arti-
ficial intelligence-based measurement tools, is reshaping
the diagnostic approach and improving reproducibility.
The purpose of this review is to provide a comprehen-
sive and practical overview of imaging findings in PCFD,
highlighting the role of each modality, key radiological
parameters, and their clinical implications. Emphasis is
placed on correlating imaging features with deformity
components and current classification systems, to
facilitate accurate diagnosis and guide therapeutic
decision-making'%.

RADIOGRAPHIC EXAMINATION

Standard radiographic projections — including antero-
posterior (AP), lateral, AP ankle, and axial hindfoot
views — allow systematic assessment of forefoot abduc-
tion, medial arch collapse, and hindfoot valgus align-
ment. Since the mid-20th century, several authors have
described and standardized angular parameters of the
foot using plain radiography to quantify medial arch
collapse and hindfoot deformity. Classic works by
Gentili et al. (1996) and Lamm et al. (2016) established
the foundations for geometric evaluation using principal
axes®”. Currently, this classical geometric framework
has evolved into artificial intelligence-based tools, such
as automated bone measurement platforms, which
standardize angular measurements and improve preci-
sion and reproducibility.

Anteroposterior radiograph

The weight-bearing AP foot projection allows assess-
ment of midfoot and forefoot alignment and is essential
for detecting forefoot abduction and hindfoot valgus
within the classification framework of PCFD. This pro-
jection is particularly useful for identifying the type B
component?? (Table 1).

Talo-first metatarsal angle (Meary angle) (Figure 1):
this angle evaluates alignment between the hindfoot
and forefoot and is a key indicator of forefoot abduction
in acquired flatfoot deformity. It is formed by the inter-
section of the longitudinal axis of the talus and that of
the first metatarsal. On the AP projection, progressive
deformity is reflected by increasing lateral deviation of
the first metatarsal axis relative to the talar axis®'°.
Under normal conditions, both axes are parallel or
show minimal lateral divergence. Axis divergence may
be graded as mild (> 4°), moderate (> 15°), or severe
(> 30°)".

Talonavicular coverage angle (TCA) (Figure 1): the
talonavicular coverage angle is one of the most widely
used parameters on weight-bearing AP radiographs for
evaluating forefoot abduction and talonavicular joint
incongruity. It is defined as the angle formed by lines
connecting the medial and lateral articular margins of
the talar head and the navicular®'%'2, In normal align-
ment, both articular surfaces are nearly parallel (approx-
imately 0°). Increasing values indicate progressive loss
of congruency and lateral displacement of the forefoot.
The cutoff points for the TCA vary among authors: sev-
eral series consider values greater than 7° to be patho-
logical>'%'" while other place normal values below
15-20°'2, Based on this variability, values greater than
7-20° represent a significant alteration of medial align-
ment. Higher TCA values have been associated with
posterior tibial tendon rupture (starting at 26°) and with
sinus tarsi impingement, for which a cutoff value of
41.2° has been described, with a positive predictive
value of 100%'.

Talocalcaneal angle (Kite angle) (Figure 1): the talo-
calcaneal angle is a classic measurement obtained on
weight-bearing AP radiographs and reflects the coronal
relationship between the talar and calcaneal axes. It is
formed by a line drawn along the longitudinal axis of the
talar neck and head and another line parallel to the
lateral border of the calcaneus or along the longitudinal
axis of the hindfoot, depending on the technical descrip-
tion used®”', Normal values are generally reported
between approximately 17° and 40°671°, Angles greater
than 35-40° are typically associated with hindfoot val-
gus, whereas values below approximately 25° suggest
hindfoot varus alignment!®4,

Lateral radiograph

The weight-bearing lateral radiographic projection
enables objective quantification of the sagittal behav-
ior of the medial longitudinal arch and the talo-first
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Figure 1. A: normal AP foot radiograph showing the talo-first metatarsal angle (yellow A), talonavicular coverage angle (blue B), and talocalcaneal
angle (red C). B: same angles and color coding on an AP radiograph with deformity. The orange asterisk indicates insertional enthesopathy

of the PTT as an indirect radiographic sign.
AP: anteroposterior; PTT: posterior tibial tendon.

metatarsal relationship using well-established parame-
ters'®'5, This projection is especially useful for evaluat-
ing type C deformity within the PCFD classification,
which corresponds to forefoot supination or medial col-
umn instability, typically indicated by disruption of the
Meary angle®. Additionally, it may provide informa-
tion regarding type D deformity, as significant overlap

between the talar and calcaneal silhouettes (talocalca-
neal overlap, TCO) may suggest subtalar subluxation
with hindfoot valgus and, in advanced stages, subfibu-
lar impingement due to calcaneofibular contact, reflect-
ing painful subtalar instability®.

Meary angle (Figure 2): also known as the talo-first
metatarsal (TIMT) angle, this is one of the most widely
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Figure 2. A: normal lateral foot radiograph showing the Meary angle (yellow A), calcaneal pitch angle (blue B), talocalcaneal angle (red C),
and calcaneus-fifth metatarsal angle (green D). B: same angles and color coding on a lateral radiograph with deformity. Purple asterisks
indicate a talar beak and calcaneal spur as an indirect radiographic signs.

used and reproducible parameters on weight-bearing lat-
eral radiographs for assessing medial longitudinal arch
collapse. It is defined by the intersection of the longitudi-
nal axis of the talar body and neck with that of the first
metatarsal'®. Although slight variations in reported values
exist’'>'6, widely accepted criteria define 0° as normal,
> 4° as mild deformity, > 15° as moderate, and > 30° as
severe®'%1. The Meary angle has also been associated
with posterior tibial tendon dysfunction', demonstrates
high reliability for evaluating arch height'é, and shows
excellent diagnostic reproducibility™.

Calcaneal pitch angle (Figure 2): the calcaneal pitch
is another commonly used parameter, defined as the
angle between a horizontal line (parallel to the ground)
and the inferior surface of the calcaneus, reflecting
hindfoot orientation relative to the supporting sur-
face®'0. Normal values are typically between 20° and
30° while values below approximately 18-20° indi-
cate medial arch collapse or flatfoot deformity®0.11,
Decreased calcaneal pitch has been associated with
posterior tibial tendon tears and is considered one of
the most representative radiographic indicators of
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medial arch support failure'. It also demonstrates high
reproducibility and reliability™.

Calcaneus-fifth metatarsal angle (C5MA) (Figure 2):
this angle evaluates the relationship between the cal-
caneus and the fifth metatarsal, both components of
the lateral column. It is defined by the intersection
between the plantar surface of the calcaneus and the
inferior border of the fifth metatarsal. Normal values
range from 150° to 165°, while values greater than 170°
suggest lateral column insufficiency or collapse'®'.

Medial cuneiform-fifth metatarsal distance
(MC-5MT): although not a direct measure of the medial
arch, this parameter provides complementary informa-
tion. It represents the distance between the inferior bor-
der of the medial cuneiform and the base of the fifth
metatarsal’. Normal values are approximately 17-18 mm,
whereas values below approximately 6 mm are associ-
ated with deformity or lateral column collapse'®'36,

Talocalcaneal angle (Figure 2): on the lateral pro-
jection, the talocalcaneal (Kite) angle is formed between
the longitudinal axis of the hindfoot and the midline of
the talus. It is typically increased in pronated feet, with
values below 45° considered normal and values above
45° considered abnormal.

Costa-Bartani angle: defined by two lines: one from
the calcaneal tuberosity to the inferior aspect of the
talonavicular joint, and another from this point to the
inferior border of the first metatarsal head. Normal val-
ues range from 120° to 130° with values above 130°
considered pathological'®.

Saltzman view

Axial hindfoot projections are essential for radio-
graphic evaluation. In the current classification of PCFD,
these views assess type A deformity, corresponding to
hindfoot valgus (Table 1)°. Among these, the hindfoot
alignment view (HAV), described by Saltzman and
el-Khoury (1995), was a major advancement by stan-
dardizing coronal evaluation of the tibio-calcaneal axis
under weight-bearing conditions, enabling reproducible
quantification of calcaneal displacement relative to the
tibial axis™.

This projection allows measurement of the hindfoot
moment arm (HMA), defined as the shortest distance
between the longitudinal axis of the tibia — determined
by bisecting the tibial diaphysis at 10 and 15 cm above
the ankle — and the most inferior point of the calca-
neus'®. Normal values generally range from =3 mm
to 410 mm, while values greater than 10 mm indicate

hindfoot valgus deformity''-'2. In advanced deformities,
markedly increased HMA values have been associated
with calcaneofibular impingement, highlighting the clin-
ical utility of this parameter in detecting lateral over-
load'. Several modifications of the original method
have been proposed. One of the most relevant is the
hindfoot alignment angle (HAA)2°, which comple-
ments the HMA by quantifying the angular relationship
between the tibial and calcaneal axes. This parameter
shows a strong correlation with HMA and effectively
differentiates alignment abnormalities?. It is defined
as the angle between the longitudinal axis of the tibia
and the axis of the calcaneal tuberosity'. In normal
subjects, mean values are 5.6° + 0.4°, and values near
22.5° + 4.9° are seen in cases of deformity!"20,

Anteroposterior ankle radiograph

The weight-bearing AP ankle projection assesses
tibiotalar alignment and detects instability or secondary
degenerative changes. It is particularly relevant in the
type E component of the PCFD classification, where
progressive valgus deformity compromises the deltoid
ligament, resulting in valgus tilting of the talus on
weight-bearing radiographs® (Table 1).

Talar tilt (TT) (Figure 3): defined as the angle
between the tibial plafond and the talar dome on the
AP ankle projection. It has a narrow normal range,
typically between —1.5° and +1.5°'5, Values greater than
5° are considered pathological and indicate tibiotalar
valgus alignment, often associated with deltoid liga-
ment insufficiency®.

Tibiotalar surface angle (Figure 3): the tibiotalar sur-
face angle evaluates talar alignment in the coronal
plane. It is measured between the longitudinal axis of
the tibia — defined by a line passing through points
located 8 and 13 cm proximal to the distal articular sur-
face — and the articular surface of the talar dome on
weight-bearing radiographs?'. Normal values are typi-
cally close to 87-89° while values exceeding approxi-
mately 94° indicate pathological valgus alignment and
may reflect significant failure of the deltoid ligament
complex?!,

Other radiographic findings

In addition to allowing measurement of alignment
angles, plain radiography provides valuable information
on other osseous and articular findings that may indi-
cate chronicity or underlying causes of the deformity.
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Figure 3. A: weight-bearing AP ankle radiograph with normal values. The tibiotalar surface angle is shown in purple, and the talar tilt (tibiotalar
tilt angle) is shown in red. B: same angles and color coding on an AP radiograph with deformity.

AP: anteroposterior.

The most relevant include:

Calcaneal spur (Figure 2): an exophytic bony growth
at the calcaneal tuberosity, typically located at the
insertion of the plantar fascia.

Talar beak (Figure 2): an exophytic bony prominence
or osteophyte at the dorsal aspect of the talar head,
corresponding to the capsular insertion of the talona-
vicular joint.

Navicular enthesopathy (Figure 1): cortical irregular-
ity or hypertrophic changes at the navicular tuberosity,
which may reflect chronic traction of the posterior tibial
tendon or associated tendinopathy%22.

Tibial spurs: these may appear as a secondary sign
of posterior tibial tendon dysfunction and are best visu-
alized on lateral projections, as they are often located
in the retromalleolar region?2.

Accessory navicular: present in a minority of adults,
this comprises three anatomical types. Types Il and Il are
more frequently associated with pain and flatfoot valgus
deformity, as they alter the insertion angle of the posterior
tibial tendon and increase stress across the synchondro-
sis. Type Il is the most common symptomatic variant'15,

Coalitions and other congenital anomalies: weight-
bearing radiographs may show indirect signs of tarsal

coalition, including characteristic osseous contours and
bridging patterns suggestive of abnormal joint connec-
tions (C-sign, anteater sign)?3.

ULTRASOUND

Ultrasound is a valuable tool for evaluating the integrity
of the posterior tibial tendon (PTT) and other soft tissue
structures. Its superficial course allows optimal assess-
ment with high-frequency linear transducers. Ultrasound
is relatively low-cost and often more accessible than
MRI; however, it requires an experienced musculoskel-
etal sonographer.

Ultrasound provides detailed visualization of tendon
fibers, allows Doppler (color or power) assessment, and
enables dynamic evaluation. It also permits the use of
provocative maneuvers to reproduce pain, as well as
assessment of friction phenomena or anterior subluxa-
tion in cases of flexor retinaculum injury™®'.22, Some
authors propose ultrasound as the initial imaging modal-
ity, as it may be slightly more accurate than 3T MRI in
diagnosing PTT dysfunction. MRI can be reserved for
inconclusive cases or for detecting bone marrow edema
and other secondary findings?*.
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Figure 4. A: thickening of the posterior tibial tendon consistent with tendinosis. B: linear hypoechoic defect within the PTT, consistent with a
partial tear. C: axial fluid-sensitive MRI sequence demonstrating tenosynovitis. D: axial fluid-sensitive MRI sequence showing a linear intra-
tendinous defect consistent with a partial tear. E-F: coronal MRI T1-weighted and fluid-sensitive sequences, respectively. Yellow and purple
arrows indicate disruption of the fibrillar pattern of the posterior tibial tendon, consistent with a partial tear. On the fluid-sensitive MRI
sequence, associated tenosynovitis is also observed. The green arrow highlights the deltoid ligament, which appears thickened, consistent

with a sprain.
MRI: magnetic resonance imaging; PTT: posterior tibial tendon.

Posterior tibial tendon and flexor retinaculum: the
superficial course of the posterior tibial tendon allows
optimal ultrasound evaluation with high-resolution lin-
ear transducers?.

Normal tendon: the tendon appears with a homoge-
neous, hyperechoic fibrillar pattern, well defined and
with uniform echogenicity. Comparison with the asymp-
tomatic contralateral side may help detect subtle
changes in tendon thickness or echotexture in early
stages®.

Tenosynovitis: characterized by anechoic or
hypoechoic fluid surrounding the tendon and thickening
of the tendon sheath, typically greater than 7 mm. On
transverse imaging, this produces a central hyperechoic
structure surrounded by an anechoic or hypoechoic
halo'®.

Tendinosis (Figure 4): demonstrates tendon thicken-
ing with heterogeneous echotexture and possible loss
of the normal fibrillar pattern’.

Tears (Figure 4): these may be partial, appearing as
hypoechoic clefts within the fibrillar pattern, or com-
plete, with total loss of tendon continuity?*.

Spring ligament (plantar calcaneonavicular liga-
ment): ultrasound can assist in evaluating the spring
ligament by positioning the probe inferior to the medial
malleolus, with one end over the sustentaculum tali and
the other slightly angled toward the talar head?.
Ultrasound reliably identifies tears of the superomedial
bundle, the most relevant component of the ligament
complex. These may present as thickening greater than
4 mm with hypoechoic areas, or as thinning below
2 mm?, Additionally, absence of visualization of the
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structure deep to the posterior tibial tendon along its
course over the talar head may suggest ligament rup-
ture (Figure 3)%2.

Other supporting structures of the medial arch:
the plantar fascia, due to its superficial location, is
readily assessed with ultrasound and may show thick-
ening and irregularity in degenerative conditions. In
contrast, the sinus tarsi, due to its depth and orienta-
tion, and the deltoid ligament complex, due to its ana-
tomical complexity and typically late involvement, have
limited evaluation with ultrasound and are more accu-
rately assessed with MRI™,

COMPUTED TOMOGRAPHY
Conventional CT

Conventional CT is the most useful imaging modality
for evaluating osseous abnormalities in flatfoot defor-
mity. It is especially valuable in cases of tarsal coali-
tion, as it allows precise localization of the coalition by
assessing the joint in multiple planes. Additionally, con-
ventional CT facilitates the detection of advanced
degenerative changes and is useful for preoperative
planning'®. However, its main limitation is that images
are acquired under non-weight-bearing conditions,
which prevents assessment of the effect of gravity
on foot alignment and may underestimate certain
deformities®™.

Weight-bearing CT

The introduction of WBCT represents a significant
advancement, as it enables three-dimensional evalua-
tion of the foot skeleton in a physiological position
under the influence of gravity and muscular forces. This
provides a more comprehensive assessment of bone
displacement and rotational alignment under load,
allowing a more detailed analysis of characteristic find-
ings in PCFD?. International consensus supports the
use of WBCT when available, particularly for surgical
planning®°.

The main abnormalities to assess include sinus tarsi
impingement, increased valgus inclination of the pos-
terior facet of the subtalar joint, subtalar subluxation
involving the posterior and/or middle facets, and sub-
fibular impingement3. WBCT has been shown to modify
the classification of PCFD by increasing the detection
of types B, C, and D — associated with forefoot abduc-
tion, medial arch collapse, and peritalar subluxation —
compared with conventional radiography®® (Table 1).

In contrast, types A and E are better characterized
using standard radiographs. Furthermore, significant
subtalar subluxation and sinus tarsi impingement have
been observed exclusively in symptomatic feet, sug-
gesting that these parameters may serve as key imag-
ing biomarkers to differentiate pathological flatfoot
deformities from asymptomatic variants®”.

MAGNETIC RESONANCE IMAGING

MRI is considered the most comprehensive modality
for evaluating flatfoot deformity, as it provides excellent
assessment of supporting soft tissue structures and
adequate evaluation of osseous anatomy, includ-
ing detection of tarsal coalitions'>. Recommended
sequences include T1-weighted images for anatomical
assessment and fluid-sensitive sequences (T2- or pro-
ton density-weighted with fat suppression, or short tau
inversion recovery STIR) to evaluate edema and inflam-
matory changes in soft tissues . Commonly used
protocols include sagittal T1-weighted images, sagittal
STIR sequences, axial proton density and T2-weighted
images with fat suppression, as well as coronal planes
tailored to ankle evaluation.

Posterior tibial tendon: under normal conditions,
the posterior tibial tendon (PTT) is the most medial and
largest of the three flexor tendons, with an ovoid mor-
phology and a diameter approximately twice that of the
flexor digitorum longus'®'522, |t demonstrates homoge-
neous low signal intensity on all sequences'®, with a
typical transverse diameter ranging from 7 to 11 mm?°.
Recognized pitfalls include physiological thickening of
the tendon (< 2 mm) at its distal insertion and the pres-
ence of a small amount of noncircumferential fluid
within the tendon sheath, both considered normal find-
ings'®2. Pathologic changes are best evaluated on
fluid-sensitive sequences. MRI demonstrates high sen-
sitivity (95%) and specificity (100%) for detecting PTT
pathology, with excellent overall diagnostic accuracy
(96%)15:28,

Tenosynovitis (Figure 4): characterized by fluid or
synovial proliferation distending the tendon sheath, sur-
rounding the tendon circumferentially (thickness > 2
mm or involving more than 50% of its circumference),
often with adjacent soft tissue edema, while the tendon
maintains its morphology and low signal inten-
sity'0111527 As the tendon sheath typically ends 1-2 cm
proximal to the navicular, fluid surrounding the ten-
don distal to this point should be described as
paratenonitis'®:15:28,

1



12

J Mex Fep RabioL ImaGing. 2026;5(1):4-14

Figure 5. A: axial MRI T1-weighted image. The superomedial bundle of the spring ligament is highlighted in yellow, and the posterior tibial
tendon in purple. The close anatomical relationship between these structures is demonstrated, as described in the text. B: axial MRI proton
density-weighted image. Findings are consistent with complete rupture of the superomedial bundle of the spring ligament. As a result, the
PTT is in direct contact with the talar head, without the normal intervening structure. This image illustrates the same findings observed on
ultrasound, where the PTT lies in direct contact with the talar head due to ligament disruption.

MRI: magnetic resonance imaging; PTT: posterior tibial tendon.

Tendinosis: findings include tendon thickening, sur-
face irregularity, and heterogeneous intratendinous
signal of lower intensity than fluid. Increased signal
intensity may also be observed with preservation of
tendon morphology'®'".

Tears: Type | (mild partial tear) (Figure 4): hypertro-
phic tendon (greater than twice the size of the flexor
digitorum longus) with increased intrasubstance signal
and longitudinal splits within a thickened tendon; these
findings may be difficult to differentiate from advanced
tendinosis. Type Il (moderate partial tear): atrophic ten-
don, reflecting fiber loss and attritional changes. Type Ill
(complete tear): absence of the tendon or a fluid-filled
gap, with possible visualization of an empty tendon
sheath at the site of discontinuity®'522,

The PTT undergoes an abrupt change in direction —
approximately 90° around the medial malleolus — which
may produce signal alterations on MRI and lead to
false-positive or false-negative interpretations of partial
or complete tears®. This corresponds to the magic

angle artifact, which occurs as the tendon curves
beneath the medial malleolus and may mimic tendino-
sis without representing true structural abnormality©.
Spring ligament (plantar calcaneonavicular liga-
ment): abnormalities of the spring ligament, particularly
involving the superomedial bundle, may occur in isola-
tion or, more commonly, in association with PTT
dysfunction and medial arch collapse''®%, Imaging
findings suggestive of injury include ligament thickening
> 5-6 mm or thinning < 2 mm'%2528 along with
increased signal intensity on fluid-sensitive sequences,
heterogeneity, waviness, or fiber discontinuity. These
changes may be associated with periligamentous edema
or complete disruption of ligament fibers'®22 (Figure 5).

OTHER FINDINGS IN DIFFERENT
STRUCTURES

Sinus tarsi syndrome (Figure 6): characterized by
alteration or loss of the normal fat signal within the
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Figure 6. A-B: axial MRI T1-weighted and fluid-sensitive sequences, respectively. Findings are consistent with a non-osseous tarsal coalition.
C: sagittal MRI fluid-sensitive sequence demonstrating thickening of the plantar fascia and the presence of a calcaneal spur as indirect signs
of pathology. D: sagittal MRI T1- weighted sequence showing a talar beak at the dorsal aspect of the talonavicular joint as another indirect
sign. E: coronal MRI T1-weighted sequence demonstrating loss of normal fat signal within the sinus tarsi, consistent with sinus tarsi

syndrome.
MRI: magnetic resonance imaging.

sinus tarsi, replaced by edematous, inflammatory, or
fibrotic tissue. This results in low signal intensity on
T1-weighted images and high or variable signal on
fluid-sensitive sequences, depending on the stage'®28.
The edematous appearance may obscure the sinus
tarsi ligaments®2,

Deltoid ligament complex: the deltoid ligament con-
sists of multiple components that stabilize the ankle
against valgus displacement of the talus'™, and MRI is
the modality of choice for its evaluation'®', Under nor-
mal conditions, the ligament appears as low- to inter-
mediate-signal bands that widen distally, best visualized
on axial and coronal planes. Degenerative changes or
partial tears show loss of normal fat striations, signal
heterogeneity, and architectural distortion, while high-
grade tears demonstrate fiber discontinuity or fluid-filled
gaps'®.

Plantar fascia (Figure 6): MRI shows thickening
(> 4 mm), irregularity, and heterogeneous signal at the
calcaneal insertion of the fascia, often associated with
perifascial and bone marrow edema'®. Degenerative
tears usually involve the central band near the

calcaneus — often following corticosteroid injections —
while traumatic tears tend to occur more distally®.

Bone marrow edema and impingement: in talocal-
caneal impingement, bone marrow edema, cystic
changes, or sclerosis may be seen at the opposing
surfaces of the lateral process of the talus and the lat-
eral wall of the calcaneus. Subfibular impingement may
present as low-signal soft tissue interposition on both
T1- and T2-weighted images or as direct osseous con-
tact, with or without associated bone marrow edema?.
Reactive edema may also be identified in the distal
tibial retromalleolar groove or at the navicular insertion
of the PTT?2.

CONCLUSION

Imaging evaluation of PCFD integrates complemen-
tary modalities that allow objective assessment of
medial arch collapse, forefoot abduction, and hindfoot
valgus, correlating imaging findings with the different
components of the current classification. Weight-bearing
radiography remains the initial cornerstone for
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assessing overall alignment, while ultrasound provides
precise and dynamic evaluation of tendinous and liga-
mentous structures. WBCT offers three-dimensional
characterization of the skeletal anatomy and improves
detection of peritalar subluxation. MRI remains the most
comprehensive modality, integrating soft tissue abnor-
malities with associated osseous changes, and plays a
key role in diagnosis and therapeutic planning.
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ABSTRACT

Introduction: Management of benign radial sclerosing lesions (RSLs) remains controversial, with no consensus on surgical
excision. The aims of this study were to compare the rate of histologic underestimation of high-risk lesions or carcinomas asso-
ciated with benign RSLs based on breast biopsy method and to determine the upgrade of RSLs after surgical excision, when
performed, or during imaging follow-up. Material and methods: This retrospective cohort study analyzed RSLs in women who
underwent percutaneous breast biopsy followed by surgical excision or at least 24 months of imaging surveillance. RSLs were
detected by mammography, ultrasound (US) and/or magnetic resonance imaging (MRI) and were confirmed histopathologically.
Diagnostic methods included percutaneous ultrasound core needle biopsy (US-CNB), ultrasound vacuum-assisted biopsy (US-VAB),
stereotactic vacuum-assisted biopsy (VAB) and/or surgical excision. Histologic diagnoses were benign RSLs, RSLs with high-risk
lesions or breast cancer associated. Results: Ninety-seven women with 97 RSLs were included — 75 with US-CNB and 22 with
VAB. The upgrade rate varied by biopsy method. With US-CNB, 8 (10.7%) lesions were upgraded to high-risk lesions after surgi-
cal excision and one (1.3%) was upgraded to carcinoma in situ (CIS). Another case (1.3%) had a percutaneous diagnosis of
high-risk RSL was upgraded to microinvasive cancer. There were no upgrades to high-risk lesions or cancer in 12 US-VAB cases.
All remained stable during follow-up (n = 10, 83.3%) or were confirmed benign surgically (n = 2, 16.7%). Of the
10 RSLs sampled with stereotactic VAB, one (10.0%) was upgraded to a high-risk lesion. Conclusion: In our study, US-VAB
demonstrated no histologic underestimation of malignancy compared with US-CNB or stereotactic VAB. Given this low risk, se-
miannual imaging for two years is a safe alternative to surgical excision in patients with RSLs diagnosed on percutaneous biopsy.

Keywords: Radial sclerosis lesion. Architectural distortion. Breast imaging. Histologic underestimation. Vacuum-assisted breast
biopsy. Ultrasound vacuum-assisted biopsy.

INTRODUCTION

Radial scars and complex sclerosing lesions, often
referred to as radial sclerosing lesions (RSLs), are breast
lesions with a central fibroelastic core surrounded by
entrapped ducts and lobules. Their imaging appearance
is architectural distortion. Benign RSL imaging features
overlap with those of malignancy and are often targets
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for imaging-guided biopsy because of their suspicious
appearance’8. RSLs can be identified in isolation or
associated with atypia or other high-risk lesions with
intrinsic malignant potential, increasing the risk of carci-
noma and affecting RSL prognosis and management!.

The increased use of digital breast tomosynthesis
(DBT) has led to higher detection of RSLs, prompting
renewed discussion of its clinical significance and
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appropriate management'®. Surgical excision of RSLs
has traditionally been recommended due to concerns
that associated high-risk lesions or carcinomas might be
missed with insufficient sampling®. Recent evidence sug-
gests that benign RSLs without atypia have a low under-
estimation rate, especially when vacuum-assisted biopsy
(VAB) is performed*?; this method can be performed
with various imaging modalities, including ultrasound
(US), stereotaxy, DBT, contrast-enhanced mammogra-
phy, and magnetic resonance imaging (MRI)™.

Clinical recommendations for optimal benign RSL
management are inconsistent'®. Some authors support
routine surgical excision in selected cases after a per-
cutaneous diagnosis of RSLs®67" others advocate
conservative approaches, especially when adequate
sampling and absence of atypia are ensured*. In
Mexico, there is little data to support evidence-based
decisions in this context™®. The aims of this study were
to compare the rate of histologic underestimation of
high-risk lesions or carcinomas associated with benign
RSLs based on breast biopsy method and to determine
the upgrade of RSLs after surgical excision, when per-
formed, or during imaging follow-up.

MATERIAL AND METHODS

This retrospective cohort study was conducted
between 2019 and 2022 at the Breast Imaging
Departments of San José Hospital and Zambrano
Hellion Hospital, Tec Salud, in Monterrey, Nuevo Ledn,
Mexico. Inclusion criteria were women aged over 20
with a histopathologic diagnosis of RSL by surgical
excision and/or imaging examination follow-up of at
least 24 months. Cases in which RSL was an incidental
finding on histopathologic examination or in which no
follow-up data were available were excluded. Informed
consent was waived due to the retrospective nature of
the study and the use of data obtained during routine
clinical care. The Institutional Research and Ethics
Committees approved this study.

Study development and variables

We retrospectively reviewed all RSL cases identified
by mammography, US, or MRI and confirmed by core
needle biopsy (CNB) or VAB using electronic image
records from a Picture Archiving and Communication
System (PACS) (Carestream, Philips, Rochester, NY,
USA).

Age, Breast Imaging Reporting and Data System
(BI-RADS) categories, and histopathology results of

percutaneous and excisional biopsies were recorded.
Women diagnosed with benign RSLs were enrolled in
a systematic imaging follow-up protocol of two years.
Patients with benign RSLs associated with high-risk
lesions or breast carcinoma were referred for definitive
surgical treatment.

Image acquisition and analysis

Mammograms were performed using either the
Selenia Dimensions™ system (Hologic, Inc., Bedford,
MA, USA) or the IMS Giotto Tomo Digital Mammography
system (IMS, Sasso Marconi, BO, Italy). After mammog-
raphy, a US examination of the breast was performed
using the iU22, EPIC 7G, or EPIC 7W systems (Philips
Co., Bothell, WA, USA) equipped with linear multifre-
quency transducers. Imaging examination was per-
formed in grayscale, color Doppler, and power Doppler
US modes. BI-RADS 5" Edition categories were
assigned based on mammography and US findings™.

Breast biopsy

US-guided percutaneous biopsies (US-CNB and
US-VAB) and stereotactic-VAB or excisional biopsy with
a marking clip were included. US-CNB was performed
with a 12-gauge core needle, obtaining a minimum
of ten cores per lesion. VABs were performed with a
vacuum-assisted 10-gauge biopsy needle under US or
stereotactic guidance. All percutaneous biopsies were
performed in a minor procedure unit with topical anes-
thesia. All CNB and VAB biopsies were performed by
breast radiologists averaging 16 years of experience
(range 7 to 25 years).

Excisional biopsies were performed by a breast sur-
geon under general anesthesia in an operating room.
The tissue samples were submitted to the Department
of Pathology for histopathologic evaluation by a breast
pathology subspecialist (GGM) with 13 years of expe-
rience. Histopathology results were classified as
benign, high-risk lesions — including atypical ductal
hyperplasia, papillary lesions, and lobular neoplasia —
or malignant breast lesions.

Statistical analysis

Numeric variables are described using measures of
central tendency and dispersion (standard deviation).
Categorical variables are reported as absolute frequen-
cies and percentages. The association between categor-
ical variables was examined using the chi-square test.
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A p value < 0.05 was statistically significant. SPSS
version 25 (IBM Corp., Armonk, NY, USA) was used for
statistical analyses.

RESULTS

We examined 4,715 percutaneous biopsies performed
during the study period. One hundred and ten cases
were identified as RSL by percutaneous biopsy.
Thirteen RSLs were excluded because of ipsilateral
breast cancer (n = 9) or no images were available
(n = 4). We included 97 women with 97 RSLs.
Asymptomatic women were referred from the screening
program (n = 61, 62.9%) or a diagnostic examination
(n = 36, 37.1%).

Comparison of percutaneous biopsy
methods and histopathologic diagnosis
in 97 women with RSLs

The patients’ ages ranged from 24 to 73 years, with
a mean of 47.8 + 9.5 years (range 24 to 73) (Table 1).
RSLs were identified as architectural distortion alone
or, in some cases, were associated with calcifications,
focal asymmetry, a mass, or non-mass lesions. According
to the BI-RADS classification, most lesions were 4B
(n =77, 79.4%), followed by 4A (n = 11, 11.3%) and 4C
(n =9, 9.3%). All 97 women with a diagnosis of RSL
underwent a percutaneous biopsy. The most common
method was US-CNB (n = 75, 77.3%) followed by
US-VAB (n = 12, 12.4%), and stereotactic VAB (n = 10,
10.3%).

Histopathology of percutaneous biopsies showed
benign RSLs in 77 (79.4%) of 97 cases. High-risk
RSLs were identified in 18 (18.6%), mainly papillary
lesions (n = 9) and atypical ductal hyperplasia (n = 7).
Carcinoma in situ (CIS) was found in 1 (1.0%) case, and
microinvasive carcinoma in 1 (1.0%) case of RSL.

Sixty-eight (70.1%) of the 97 women underwent sur-
gical excision with wire localization. Benign RSLs were
confirmed in 45 (66.2%) cases, while high-risk RSLs
were found in 19 (27.9%), CIS in 3 (4.4%), and malig-
nant microinvasive carcinoma in 1 (1.5%).

Figures 1 and 2 show breast architectural distortion
on mammography of an asymptomatic 46-year-old
woman. Contrast-enhanced breast MRI shows a non-
mass lesion associated with architectural distortion. A
US-CNB was performed, and the histopathologic diag-
nosis was benign RSL.

Table 1. Comparison of percutaneous biopsy methods and histopa-
thology diagnosis in 97 women with RSL

Parameter

47.8 + 9.5 (24-73)

Description

Age (years), mean + SD (min-max)

BI-RADS, n (%)
4A 11 (11.3)
4B 77 (79.4)
ac 9(9.3)

Percutaneous hiopsy method, n (%)
US-CNB 75 (77.3)
US-VAB 12 (12.4)
Stereotactic VAB 10 (10.3)

Histopathologic diagnosis by percutaneous

biopsy, n (%)
Benign RSL 77 (79.4)
RSL with associated high-risk lesions 18 (18.6)
RSL with associated CIS 1(1.0)
RSL with associated microinvasive 1(1.0)
carcinoma

Histopathology diagnosis after surgical

excision?, n (%)
Benign RSL 45 (66.2)
RSL with associated high-risk lesions 19 (27.9)
RSL with associated CIS 3(4.4)
RSL with associated microinvasive 1(1.5)

carcinoma

30nly 68 (70.1%) of 97 women.

BI-RADS: Breast Imaging Reporting and Data System; RSL: radial
sclerosing lesion; US-CNB: ultrasound-guided core needle biopsy;
US-VAB: ultrasound-guided vacuum-assisted biopsy; VAB: vacuum-
assisted biopsy; CIS: carcinoma in situ.

Upgrade rate of RSLs related to the
percutaneous breast biopsy method

Regarding biopsy methods, 75 (77.3%) of the 97
RSLs were sampled using ultrasound-guided 12-gauge
spring-loaded core needle devices (US-CNB), while
12 (12.4%) cases were performed using US-VAB, and
10 (10.3%) with stereotactic VAB (Table 2). Sixty-eight
(70.1%) of the 97 cases underwent surgical excision,
and 29 (29.9%) underwent semiannual imaging exam-
ination for at least 24 months. None of the RSLs that
were followed with imaging showed suspicious interval
changes of RSL upgrade. They were classified as
benign at the end of the follow-up period.

The overall histologic upgrade rate for benign RSL
varied by biopsy method. In US-CNB, 8 (10.7%) of
75 RSLs were upgraded to high-risk after surgical exci-
sion, one (1.3%) was upgraded to CIS, and another
(1.3%) had a percutaneous diagnosis of a high-risk

17
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Figure 1. An asymptomatic 46-year-old woman with a positive family risk factor for breast cancer. She had a history of a percutaneous biopsy
of the right breast that reported a benign intraductal papilloma, BI-RADS 4A. A, B, C, D: bilateral mammography, MLO and CC views of the
right breast show extremely dense breast tissue (category d) with an area of architectural distortion at the junction of the upper quadrants
(dashed circles), with no suspicious lesions in the left breast. E-F: DBT, MLO, and CC views and digital magnifications of the right breast show

better delineation of architectural distortion (dashed circles).

DBT: digital breast tomosynthesis; MLO: mediolateral oblique; CC: craniocaudal; BI-RADS: Breast Imaging Reporting and Data System.

RSL that was subsequently upgraded to microinvasive
cancer.

No histologic RSL upgrades to high-risk or cancer
were found in the 12 cases diagnosed with US-VAB.
These lesions remained stable during follow-up (n = 10,
83.3%) or were confirmed benign after surgical excision
(n=2, 16.7%). Of the 10 RSLs sampled with stereotac-
tic VAB, one (10.0%) was upgraded to a high-risk
lesion, while none were upgraded to cancer. US-VAB

was the sampling method with no histologic underesti-
mation of high-risk lesions or malignancy compared to
the other methods (US-CNB or stereotactic VAB).
Figure 3 shows a 50-year-old woman with a percuta-
neous CNB with architectural distortion, BI-RADS
4C, with discordance between imaging and pathology.
The histopathology report identified fibrosis and non-
atypical proliferative changes. Contrast-enhanced breast
MRI shows a non-mass lesion with architectural
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Figure 2. The same patient as in Figure 1. A-B: a contrast-enhanced breast MRI shows a non-mass lesion associated with architectural distortion
at the junction of the upper quadrants of the right breast at 11 o'clock in the middle third of the breast (arrowheads). C: grayscale US, radial
view, shows a poorly defined hypoechoic area with architectural distortion without posterior acoustic shadowing (arrowheads). D: US-CNB
was performed targeting the lesion. E: histology section with 10X H&E staining shows distorted tubules within a background of diffuse fibrosis
(arrowhead), with moderate usual ductal hyperplasia toward the periphery (arrow). The histopathology diagnosis was a benign RSL.

US-CNB: ultrasound-guided core needle biopsy; H&E: hematoxylin and eosin; RSL: radial sclerosing lesion; MRI: magnetic resonance imaging.

Table 2. Comparison of RSL histologic upgrade by percutaneous biopsy method

Description Total US-CNB US-VAB Stereotactic-VAB
(n=97) (n=75) (n=12) (n=10)

No upgrade of RSLs, n (%)

Surgical excision? 57 51 (68.0) 2(16.7) 4 (40.0)

> 24 months imaging follow-up 29 14 (18.7) 10 (83.3) 5 (50.0)
Histologic upgrade of RSLs after surgical excision, n (%)

RSL to risk lesion 9 8 (10.7) 0 1(10.0)

RSL with associated risk lesion to CIS 1 1(1.3) 0 0

RSL to microinvasive cancer 1 1(1.3) 0 0

20nly 68 (70.1) of 97 women.

RSL: radial sclerosing lesion; CIS: carcinoma in situ; US-CNB: ultrasound-guided core needle biopsy; US-VAB: ultrasound-guided vacuum-

assisted biopsy; VAB: vacuum-assisted biopsy.

distortion, associated with three hyperenhanced irregu-
lar solid masses. Grayscale US shows a hypoechoic
mass with minimal posterior acoustic shadowing and
associated architectural distortion. The diagnosis was

RSL with atypical ductal hyperplasia. Figure 4 shows a
mammogram of a 42-year-old woman with architectural
distortion, BI-RADS 4B. Figure 5 shows a contrast-
enhanced breast MRI with non-mass enhancement
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Figure 3. A 50-year-old woman with a recent percutaneous CNB of an architectural distortion in the left breast, BI-RADS 4C, with discordance
between the imaging findings and the histopathology report. A, B, C, D: contrast-enhanced breast MRI shows a non-mass lesion with archi-
tectural distortion at 12 o'clock associated with three hyperenhanced irregular solid masses. The largest is 7 mm in diameter (arrowheads).
Functional assessment shows a kinetic curve with persistent type | enhancement. E-F: grayscale US shows a hypoechoic mass with minimal
posterior acoustic shadowing and associated architectural distortion at 12 o’clock (arrowheads). Color Doppler US examination shows minimal
peripheral vascularity. G: X-ray of the specimen confirms excision of the targeted breast lesion. H: DBT, CC view of the left breast shows
stereotactic VAB wire localization with accurate placement in architectural distortion (arrowheads). I: histologic section with H&E 5X staining
shows a sclerotic stroma with tubular entrapment (arrowhead). At the periphery, there are distended ducts with focal rigid lumens and others
with slit-like lumens, containing a single population of cells in focal areas (arrows). The histopathology diagnosis was RSL associated with
atypical ductal hyperplasia.

DBT: digital breast tomosynthesis; CNB: core needle biopsy; CC: craniocaudal; H&E: hematoxylin and eosin; RSL: radial sclerosing lesion; BI-RADS: Breast Imaging

Reporting and Data System; US: ultrasound; MRI: magnetic resonance imaging; VAB: vacuum-assisted biopsy.

with architectural distortion showing a clumped enhance-
ment pattern. Stereotactic VAB was performed. The diag-
nosis was RSL with CIS.

DISCUSSION

The overall histologic upgrade rate of RSLs in our
study varied by biopsy method. US-VAB was the most
reliable diagnostic approach for benign RSLs with no
histologic underestimation of high-risk lesions or malig-
nancy compared with the other biopsy methods (US-CNB
or stereotactic VAB). In addition, semiannual imaging
follow-up for two years was a safe alternative to surgical
excision in selected patients.

VAB minimizes histologic underestimation of RSLs
and can reduce the need for surgical excision when
appropriately used®5%, Ferreira et al.” found a signifi-
cantly lower histologic upgrade rate with VAB (4.0%;

1/25) compared to CNB (23.9%; 16/67) in a retrospective
study in Portugal involving 113 women with RSL diag-
nosed by percutaneous biopsy (p = 0.041). The authors
concluded that RSLs without atypia, when adequately
sampled by VAB, represent a low-risk subgroup in whom
clinical surveillance could be a safe alternative, poten-
tially avoiding surgical excision. In our study, the overall
histologic upgrade rate of RSLs varied by biopsy method.
RSLs sampled using US-CNB had a higher histologic
upgrade rate (13.3%, 10/75 cases). With stereotactic
VAB, only one lesion, which was an atypical papilloma
(10.0%, 1/10 cases), was upgraded to a high-risk lesion.
There was no histologic upgrade in 12 RSL cases with
US-VAB, suggesting that this method may provide a
more accurate histologic diagnosis. Our results are con-
sistent with the recommendation that VAB is an ideal
alternative for managing RSLs without atypia in selected
cases, especially when there is concordance between
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Figure 4. A 42-year-old woman with an architectural distortion seen at mammography in the left breast. A: mammography, CC view of the left
breast, showing an area of architectural distortion in the lower inner quadrant, associated with scattered microcalcifications (dashed circle),
BI-RADS 4B. B: a magnified CC view with left breast compression shows better delineation of the architectural distortion (dashed circle).
C: a stereotactic VAB was performed (arrowheads). D, E, F: preoperative wire localization with DBT (arrowheads). G: histologic section with
H&E 10X staining shows central sclerosis with tubular distortion and marked intraductal dilatation, along with severe atypia, focal necrosis
(arrow) with microcalcifications (arrowhead), and myoepithelial cell preservation. The histopathology diagnosis was CIS-associated RSL.

DBT: digital breast tomosynthesis; CC: craniocaudal; H&E: hematoxylin and eosin; RSL: radial sclerosing lesion; CIS: carcinoma in situ; BI-RADS: Breast Imaging

Reporting and Data System. VAB: vacuum-assisted biopsy.

radiologic and pathologic diagnosis®'®. The diagnostic
reliability of VAB supports its role as a conservative
approach in managing select cases of RSLs. Our results
support a tailored approach to RSL management and
emphasize the importance of the biopsy method in clin-
ical decision-making. VAB could be a cost-effective

alternative to the recommended excisional biopsy in cer-
tain cases'®.

With the introduction of population-based breast can-
cer screening programs and the increasing use of DBT,
the detection rate of RSLs has increased in recent
years, with a reported incidence of 0.03% to 0.09%’.
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Figure 5. The same patient as in figure 4. A-B: contrast-enhanced breast MRI with axial and sagittal T1- weighted fat-saturated postcontrast
subtraction shows non-mass enhancement with associated architectural distortion (arrowheads) at the junction of the inner quadrants of the
left breast, at 3 o’clock. It shows a clumped enhancement pattern. C: axial MIP image shows a hyperenhanced area of architectural distortion
at the junction of the inner quadrants of the left breast at 3 o’clock (arrowheads). A previously known fibroadenoma is seen in the right breast.
D: functional MRI evaluation of the lesion shows a type 3 kinetic plateau curve. The histopathology diagnosis was CIS-associated RSL.

MIP: maximum intensity projection; MRI: magnetic resonance imaging.

On the other hand, prevalence varied in the literature,
ranging from 6.2 to 29%'". However, the histologic
upgrade rate to malignancy at surgical excision has
remained low (3-6%), suggesting that the vast majority
of RSLs diagnosed by CNB are benign. Only a small
proportion are associated with high-risk lesions or breast
malignancy*®. Yan et al.'* found benign RSLs in 117
(80.1%) of 146 RSLs in 142 American women examined
with mammography and DBT, while 29 (19.9%) RSLs
were associated with atypia. A low rate (0.9%) of histo-
logic upgrade to malignancy was reported. Sherwell-
Cabello et al.'> examined 123 Mexican women in a
retrospective study. They found RSL associated with
breast cancer in 1.6% of cases. In our study, the preva-
lence of benign RSL diagnosed by percutaneous biopsy
was 79.4% (n = 77), a finding comparable to other stud-
ies®™. High-risk lesions were associated with RSLs in
18 cases (18.6%). Breast cancer was found in 2 (2.1%) of
97 cases, which is also comparable to other studies®”'417
that reported similar frequencies of high-risk lesions
and very low rates of carcinoma associated with RSLs.
The high prevalence of benign RSLs without atypia sug-
gests that imaging examination surveillance may be
appropriate*'8.

Earlier studies by Berg et al.® and Aroner et al.”®
reported higher rates of discordance and upgrades in
RSLs, leading to recommendations for routine excision.
In 2002, Brenner et al.? advocated conservative man-
agement of RSLs without concomitant atypia. They
found that there was no increase in malignancy when
lesions were sampled with VAB or CNB using at least
12 cores. If these conditions were not met, surgical exci-
sion is recommended®. Later reports,*”'® have shown
that the accuracy of CNB can improve with modern
imaging methods and multidisciplinary evaluation,
supporting more conservative management strategies
in increasing confidence in percutaneous biopsy
results*1%1820.21 Extensive samples obtained by percuta-
neous biopsy may spare a patient from undergoing sur-
gical excision, as they are more representative of the
lesion. Our study showed high concordance between
US-CNB and surgical excision for benign RSLs, support-
ing the diagnostic reliability of percutaneous biopsy
when adequately sampled®®. Consensus statements
and guidelines, including those by Elfgen et al.’ and
Rubio et al.’8, also advocate individualized management
and acknowledge that excision may be unnecessary for
benign RSLs without atypia with concordance between
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imaging and pathology®'®. Comparable results of benign
RSLs diagnosed by CNB were rarely upgraded after exci-
sion?7?2, CNB is a sufficient diagnostic tool in selected
cases where CNB findings and imaging are concordant,
suggesting that surgical excision may not provide addi-
tional diagnostic value. Benign RSLs on CNB, especially
when performed by experienced breast radiologists with
adequate sampling and interpreted by experienced
pathologists with adequate imaging and pathologic con-
cordance, may not require surgical excision and could
continue routine clinical and close imaging follow-up.

The strengths of our study include standardized
biopsy protocols, US-VAB performed by experienced
breast radiologists, and systematic two-year imaging
follow-up to ensure diagnostic accuracy. In addition,
there was high concordance between radiology and
pathology results based on the European B3 guidelines
and the international consensus, supporting the safety
of non-surgical management for appropriately selected
patients>518. Several limitations of our study are related
to the small sample size and insufficient power to deter-
mine the statistical significance of the type of percuta-
neous biopsy in relation to the absence of histologic
upgrading. The retrospective study design, with non-
random case selection, may introduce selection bias
and limit the generalizability of the results. In addition,
not all benign RSLs were surgically removed in our
study, preventing a full assessment of potential under-
estimation in the entire cohort.

CONCLUSION

Our study showed that US-VAB is a reliable diagnos-
tic approach for benign RSLs and may reduce the risk
of histologic underestimation. Furthermore, semiannual
imaging surveillance of benign RSLs for at least 2 years
is a safe alternative to surgical excision in selected
patients with radiologic—pathologic concordance. This
study provides valuable insights into the management
of RSLs in a Mexican cohort and highlights the
diagnostic performance of VAB, particularly in patients
presenting with architectural distortion. In selected con-
cordant cases, systematic imaging follow-up represents
a reliable alternative to excision.
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ABSTRACT

Introduction: Strain ratio elastography (SRE) lacks a standard classification to establish a cutoff value for predicting malignant
breast lesions. This study proposes a new three-grade classification based on SRE cutoff values using the LOGIQ E9 GE
Healthcare system and evaluates its diagnostic performance in predicting breast lesion malignancy. Material and Methods:
This retrospective cross-sectional study included women with Breast Imaging Reporting and Data System (BI-RADS) breast
lesions categories 4 or 5. All lesions were evaluated with conventional ultrasound (US) and strain elastography (SE) with a
GE Healthcare LOGIQ E9 system. The semiquantitative three-grade classification cutoff values defined arbitrarily based on
SRE were grade 1 (0-1.9, soft pattern), grade 2 (2.0-3.9, intermediate pattern), and grade 3 (4.0-6, hard pattern). Histopatho-
logic diagnosis was the gold standard. Receiver operating characteristic (ROC) analysis was used to compare SRE cutoffs
> 2 and > 4. Results: Of 173 breast lesions, 73 (42.0%) were benign, and 100 (58.0%) were malignant. Benign lesions were
primarily grade 1 (42.0%) and 2 (33.0%), while 71% of malignant lesions were grade 3 (p < 0.007). The median SRE cutoff
value was higher in malignant (5.2) than in benign lesions (2.4) (p < 0.001). A cutoff > 2 showed high sensitivity (93.0%) and
low specificity (42.4%) for predicting malignant breast lesions, whereas a value > 4 showed a sensitivity of 71.0%, a speci-
ficity of 75.3%, and an accuracy of 72.8%. Conclusion: The proposed SRE three-grade classification demonstrated that a
grade 3 hard pattern (cutoff > 4) as defined by the GE Healthcare LOGIQ E9 system achieved good diagnostic performan-
ce for predicting malignant BI-RADS 4 or 5 breast lesions; it is useful for characterizing breast lesions.

Keywords: Ultrasound elastography. Strain elastography. Breast cancer. Breast Imaging Reporting and Data System.

shear waves as they pass through tissue. An acoustic
force produces these waves. Stiffness is typically dis-

INTRODUCTION

Ultrasound (US) elastography is a non-invasive
method for assessing tissue stiffness. It is used as a
supplement to US to improve diagnostic performance,
and it is available as a feature on many US units'. There
are currently two elasticity measurement methods:
strain elastography (SE), which measures tissue stiff-
ness via lesion compressibility, and shear wave elas-
tography, which measures the propagation speed of
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played as a color scale or grayscale. There are three
semiquantitative SE stiffness measures: the elastography-
to-B-mode length (E/B) ratio, a 5-point color scale
(elasticity score), and a strain ratio elastography
(SRE) cutoff value. The Breast Imaging Reporting
and Data System (BI-RADS) v2025 includes a lexicon
that defines criteria and descriptors for elasticity
assessment’.
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Elastography techniques and stiffness values vary by
US vendor'. Moreover, SRE cutoff values differ between
equipment brands®®. A systematic review and meta-
analysis were performed to determine the optimal SRE
cutoff for predicting malignant breast lesions®. The dif-
ferent machine models used in the included studies
were Hitachi (n = 23 US equipment), Toshiba (n = 11),
Philips (n = 7), Samsung (n = 6), GE Healthcare (n = 6),
Siemens (n = 4), Mindray (n = 3), and Esaote MyLab
(n = 2). There was no standard SRE cutoff value for
predicting malignant breast lesions between these
equipment brands. Therefore, the US model and brand
can influence the determination of a specific SRE cutoff
value®.

Malignant breast lesions are generally stiffer than
benign ones''°. According to the BI-RADS lexicon, elas-
ticity is categorized as soft, intermediate, or hard'.
However, the SRE cutoff values that distinguish malig-
nancy from benignity are not standardized because of
differences in instrument parameters across manufac-
turers using several commercially available systems'.
Furthermore, SRE lacks a standardized grading system
to establish a cutoff value for predicting malignancy in
breast lesions. This study proposes a new grading clas-
sification based on the SRE cutoff value using the
LOGIQ E9 GE Healthcare system. It evaluates its diag-
nostic performance in predicting malignancy in BI-RADS
category 4 or 5 breast lesions.

MATERIAL AND METHODS

This retrospective, cross-sectional analytical study was
conducted from February 2018 to November 2025 at the
IMAX Imaging Center in Tampico, Tamaulipas, Mexico.
Women with BI-RADS category 4 or 5 breast lesions
detected on imaging were included. Histopathologically
malignant lesions without a molecular subtype were
excluded. Informed consent was not required for this
observational study, which used information collected
during routine clinical care. The institutional research
ethics and research committees approved the study.

Development and study variables

Women undergoing mammography and/or US and
breast lesions classified according to BI-RADS 5th edi-
tion'? were evaluated using conventional, color Doppler
US, and SRE value by SE. The molecular subtype and
the Ki67 value were recorded in malignant lesions.
Histopathologic diagnosis was the gold standard.

Definitions

Suspicious breast lesion: findings categorized as
BI-RADS 4 or 5 based on mammography and/or US
abnormalities™.

SE: shows the spatial distribution of tissue elasticity
properties in a region of interest (ROI) by estimating
the strain before and after tissue distortion caused by
external or internal forces's.

SRE: the elasticity of the subcutaneous fat tissue ROI
compared to that of the lesion ROI'.

Image acquisition and analysis protocol

Conventional, color Doppler, and SE US images of
suspicious breast lesions were assessed using a GE
LOGIQ E9 (GE Healthcare, Milwaukee, WI, USA)
equipped with a high-frequency linear ML6-15 MHz
transducer; color Doppler and SE US were performed
using longitudinal scans. Lesions were classified accord-
ing to ACR BI-RADS 5th edition’. The SE of the breast
lesions was performed after acquiring grayscale US
images. The ROI encompassed the lesion and the sur-
rounding fat tissue. A color map and a quality analysis
were automatically performed by the software, which
calculated the semiquantitative SRE of the breast lesion.
Only images with optimal compression, as displayed by
the quality index, were included. Images were selected
and stored in a Picture Archiving and Communication
System (PACS) (SYNAPSE, Fuijifilm Medical Systems,
Morrisville, NC, USA). Image evaluation was performed
by a radiologist (DPM) with 35 years of experience.

The SRE cutoff value in the LOGIQ E9 GE is reported
as 0.0-6.0, indicating the color distribution index within
a circle (ROI) and comparing a lesion to the adjacent
fatty tissue'.

The new three-grade semiquantitative cutoff values
based on SRE were defined arbitrarily by the author
(DPM): grade 1 (0-1.9, soft pattern), grade 2 (2.0-3.9, inter-
mediate pattern), and grade 3 (4.0-6.0, hard pattern).

Histopathologic diagnosis

Pathology reports were reviewed, including histo-
pathologic diagnoses of benign and malignant lesions.
Histologic type and grading of malignant breast lesions
were recorded. Tumor histological types were defined
according to the World Health Organization classification
of breast tumors (5th edition)'. Histopathologic grading
was performed using the modified Bloom-Richardson
grading system'. Histopathologic assessment was
performed by a pathologist (KGA) with 13 years of
experience.
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Table 1. Three-grade classification® by SRE and histopathologic diagnosis of breast lesions

Description n SRE Grade 1 SRE Grade 2 SRE Grade 3
(soft pattern) (intermediate pattern) (hard pattern)

Benign breast diagnosis, n (%)
Fibroadenoma 37 13 (35.2) 17 (45.9) 7(18.9)
Ductal hyperplasia without atypia 3 1(33.3) 1(33.3) 1(33.3)
Adenosis 9 7(71.8) 1(11.1) 1(11.1)
Fibrosis 9 5 (55.6) 2(22.2) 2(22.2)
Chronic mastitis " 3(21.3) 2 (18.1) 6 (54.6)
Fibroadenomatous changes 1 0 1 (100) 0
Columnar cell changes 1 1(100) 0 0
Ductal hyperplasia with atypia 1 0 0 1(100)
Intraductal papilloma 1 1(100) 0 0
Total, n (%) 73 31 (42.5) 24 (32.9) 18 (24.6)

Malignant breast diagnosis, n (%)
Invasive ductal carcinoma 71 4 (5.6) 14 (19.7) 53 (74.7)
Invasive lobular carcinoma 14 0 2(14.3) 12 (85.7)
Cribriform carcinoma 2 1 (50.0) 1 (50.0) 0
Papillary carcinoma 2 0 1 (50.0) 1 (50.0)
Mucinous carcinoma 3 0 0 3(100)
Ductal carcinoma in situ 7 2 (28.6) 4 (57.1) 1(14.3)
Tubular carcinoma 1 0 0 1(100)
Total, n (%) 100 7 (7.0 22 (22.0) 71 (71.0)

aGrade 1 with an SRE cutoff of 0 to 1.9; grade 2 with an SRE of 2.0 to 3.9; and grade 3 with an SRE of 4.0 to 6.

SRE: strain ratio elastography.

Immunohistochemical molecular subtypes

Molecular subtypes were determined according to
the 2013 St. Gallen International Expert Consensus':
estrogen receptor (ER) expression, progesterone
receptor (PR) expression, human epidermal growth fac-
tor receptor 2 (HER2) expression, and the cell prolifer-
ation index (Ki67). Malignant tumors were classified
into five molecular subtypes: luminal A (HER2+ and/or
PR+, HER2- and Ki67 < 14%; luminal B/HER2- (ER+
and/or PR+, HER2-, Ki67 > 14%); luminal B/HER2+
(ER+ and/or PR+, HER2+, any Ki67); HER2+ (ER-,
PR-, HER2+); and triple negative breast cancer (ER-,
PR-, HER2-).

Statistical analysis

Measures of central tendency (median) and disper-
sion (interquartile range, IQR) were calculated for quan-
titative variables. Benign and malignant breast lesions
were compared with the Mann-Whitney U test.
Qualitative variables were summarized as absolute
frequencies and percentages. Categorical variable

associations were evaluated with the chi-square test.
Fisher's exact test was used when the expected cell
counts were less than five. Receiver operating charac-
teristic (ROC) curve analysis was used to compare the
diagnostic performance of SRE cutoff values > 2 and
> 4 for predicting malignant breast lesions. Sensitivity,
specificity, positive likelihood ratio, negative likelihood
ratio, positive predictive value (PPV), negative predic-
tive value (NPV), and accuracy with 95% confidence
intervals (Cl) were calculated for each SRE cutoff
value. A p value less than 0.05 was statistically signif-
icant. Statistical analyses were performed using
RStudio (vs. 2025.09.1+401) (RStudio, Vienna, Austria)
and SPSS vs. 2025 (IBM Corp., Armonk, NY, USA).

RESULTS

Three-grade classification by SRE and
histopathologic diagnosis of breast lesions

Of 173 women with breast lesions, 73 (42.0%) had
benign lesions and 100 (58.0%) malignant lesions
(Table 1). The grade 1, soft pattern of SRE was more

27



28

J Mex Fep RabioL ImaGinG. 2026;5(1):25-35

MAMA IZQUIERDA

Figure 1. A 62-year-old woman with a palpable lump in the left breast. A: grayscale US shows a hypoechoic, focal, parallel, non-mass lesion
located in the upper-inner quadrant of the left breast and measuring 1.7 x 0.9 cm with posterior shadowing and architectural distortion.
B: color Doppler US shows peripheral vascularity. BI-RADS 4A. C: SE image shows the ROI at the center of the lesion (green circle and line)
and the reference ROl in the adjacent fat tissue (yellow circle and line). The SRE cutoff value was 1.7 (grade 1, soft pattern). D: histological
section (H&E, 20x) shows a papillary proliferation occupying the duct lumen. It consists of arborescent extensions emerging from a central
fibrovascular stalk, lined by epithelium without atypia (black arrow). The diagnosis was intraductal papilloma of the breast.

US: ultrasound; BI-RADS: Breast Imaging Reporting and Data System; SE: strain elastography; ROI: region of interest; H&E: hematoxylin and eosin.

common in benign breast lesions (n = 31, 42.5%), fol-
lowed by grade 2, intermediate pattern (n = 24, 32.9%),
and grade 3, hard pattern (n = 18, 24.6%). In contrast,
in malignant lesions, the most common SRE was
grade 3, hard pattern (n = 71, 71.0%), followed by grade
2, intermediate pattern (n = 22, 22.0%), and grade 1,
soft pattern (n = 7, 7.0%).

Figure 1 shows grayscale US, color Doppler, and SE
images of a non-mass lesion, BI-RADS 4A. The SRE
cutoff value was 1.7, soft pattern, and the histopatho-
logic diagnosis was intraductal papilloma. Figure 2
shows grayscale US, color Doppler, and SE images of
a mass, BI-RADS 4B. The SRE cutoff value was 3.9,
intermediate pattern. The histopathologic diagnosis
was fibroadenoma. Figure 3 shows grayscale US, color
Doppler, and SE images of a mass, BI-RADS 4C.

The SRE cutoff value was 5.0, hard pattern. The histo-
pathologic diagnosis was fibroadenoma.

Comparison of a three-grade classification
by SRE for the differentiation of benign
and malignant breast lesions

The median SRE cutoff value in benign lesions was
2.4 (IQR 1.5-3.9), whereas in malignant lesions, it was
5.2 (IQR 3.7-5.9), with a significant difference (p < 0.001).

The diagnosis of benign breast lesions was signifi-
cantly more common in grade 1, soft pattern (n = 31,
42.0%) compared to malignant breast lesions (n = 7,
7.0%) (p < 0.001) (Table 2). In contrast, the hard SRE
pattern was significantly more common in malignant
lesions (n = 71, 71.0%) compared to benign lesions
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Figure 2. A 29-year-old woman with a palpable lump in the left breast. A: grayscale US shows an oval, hypoechoic, parallel mass with a
microlobulated margin and posterior shadowing. Color Doppler US shows no vascularity. The mass is located in the upper outer quadrant of
the left breast and measures 1.6 x 1.1 cm; BI-RADS 4B. B-C: SE image shows the ROl at the center of the lesion (green circle and line). The
reference ROl is in the adjacent fat tissue (yellow circle and line). The SRE cutoff value was 3.9 (grade 2, intermediate pattern). D: histological
section (H&E, 20x) shows a fibroepithelial lesion with spindle cells and collagen deposits displacing the epithelial component composed of

columnar to cuboidal cells without cytological atypia (black arrow). The diagnosis was fibroadenoma of the breast.
US: ultrasound; BI-RADS: Breast Imaging Reporting and Data System; SE: strain elastography; ROI: region of interest; H&E: hematoxylin and eosin.

(n =18, 25.0%) (p < 0.001). There was no significant
difference between benign (n = 24, 33.0%) and malig-
nant lesions (n = 22, 22.0%) (p = 0.110) in those with
an intermediate pattern.

Diagnostic performance of SRE for
predicting malignant breast lesions

The ROC curve for cutoff value > 2, corresponding to
grade 2 (intermediate pattern) by SRE for predicting
malignant breast lesions showed a sensitivity of 93.0%
(95% ClI, 86.1-97.14), a specificity of 42.4% (95% ClI,
30.9-54.5), and an accuracy of 71.6% (95% ClI, 64.3-
78.2) (Figure 4A, Table 3). There were 93 true positives,
42 false positives, 7 false negatives, and 31 true
negatives.

The ROC curve for a hardness cutoff value > 4, corre-
sponding to grade 3 (hard pattern) by SRE for predicting
malignant breast lesions showed a sensitivity of 71.0%
(95% Cl, 61.0-79.6), a specificity of 75.3% (95% Cl, 63.8-
84.6), and an accuracy of 72.8% (95% CI, 65.5-79.3)
(Figure 4B, Table 4). The AUC was 0.80 (95% ClI,

0.74-0.86). There were 71 true positives, 18 false posi-
tives, 29 false negatives, and 55 true negatives.

Three-grade classification by SRE in
relation to the tumor grade of malignant
breast lesions

Among malignant breast lesions (n = 100), hardness
according to SRE was compared with histologic tumoral
grade (Table 5). The hard pattern, SRE grade 3, was
the most common in all tumoral grades. The most com-
mon cases were tumoral grade 2 (67/100, 67%).

Three-grade classification by SRE in
relation to molecular subtypes of
malignant breast lesions

The SRE hardness grade was also evaluated in rela-
tion to molecular subtype (Table 6). The grade 3 hard
pattern was more common in all molecular subtypes,
with no significant difference compared to the grade 1
soft pattern and the grade 2 intermediate pattern.
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Figure 3. A 45-year-old woman with a palpable lump in the left breast. A: grayscale US shows an oval, hypoechoic, parallel mass with an
angular margin and posterior shadowing. Color Doppler US shows no vascularity. The mass is located in the lower outer quadrant of the left
breast and measures 1.2 x 1.5 cm; BI-RADS 4C. B: SE image shows an ROl at the center of the lesion (green circle and line). A reference ROI
is in the adjacent fat tissue (yellow circle and line). The SRE cutoff value was 5.0 (grade 3, hard pattern). C: US-guided needle biopsy (white
arrow). D: histological section (H&E, 20x) shows a benign fibroepithelial lesion with dense fibrous stroma, vascular congestion, and ductal

hyperplasia without atypia (black arrow). The diagnosis was fibroadenoma of the breast.

US: ultrasound; BI-RADS: Breast Imaging Reporting and Data System; SE: strain elastography; ROI: region of interest; H&E: hematoxylin and eosin.

Table 2. Comparison of a three-grade classification? by SRE for the differentiation of benign and malignant breast lesions

Description Benign breast diagnosis (n = 73) Malignant breast diagnosis (n = 100) p

Grade 1: soft pattern, n (%) 31 (42.0) 7(7.0) < 0.001
Grade 2: intermediate pattern, n (%) 24 (33.0) 22 (22.0) 0.110
Grade 3: hard pattern, n (%) 18 (25.0) 71 (71.0) < 0.001

aGrade 1 with an SRE cutoff of 0 to 1.9; grade 2 with an SRE of 2.0 to 3.9; and grade 3 with an SRE of 4.0 to 6.

SRE: strain ratio elastography.

Figure 5 shows grayscale US, color Doppler, and SE
images of a mass, BI-RADS 4C. The SRE cutoff value
was 5.9, hard pattern. The histopathologic diagnosis
was invasive ductal carcinoma, tumor grade 1, and
molecular subtype luminal B. Figure 6 shows grayscale
US, color Doppler, and SE images of a mass, BI-RADS
4B. The SRE cutoff value was 5.3, hard pattern. The
histopathologic diagnosis was invasive ductal carci-
noma, tumor grade 2, and molecular subtype HER2.
Figure 7 shows grayscale US, color Doppler, and SE
images of a mass, BI-RADS 4C. The SRE cutoff value

was 5.7, hard pattern. The histopathologic diagnosis
was invasive ductal carcinoma with a cribriform pattern,
tumor grade 3, and molecular subtype luminal A.

DISCUSSION

We propose a three-grade classification of SRE cut-
off values using the LOGIQ E9 GE system for predicting
malignant breast lesions. The diagnostic performance
of an SRE cutoff > 4 (grade 3, hard pattern) was good
for predicting malignant breast lesions BI-RADS
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Figure 4. ROC curves of strain ratio elastography for predicting malignant breast lesions. A: ROC curve for the strain ratio elastography cutoff
value > 2, intermediate pattern, with a sensitivity of 93.0%, a specificity of 42.4%, and an accuracy of 71.6%. B: ROC curve for the strain ratio
elastography cutoff value > 4 with a sensitivity of 71.0%, a specificity of 75.3%, and an accuracy of 72.8%. The diagonal line represents the

expected diagnostic performance by chance.

ROC: receiver operating characteristic; AUC: area under the curve; SE: strain elastography.

Table 3. Diagnostic performance of an SRE cutoff > 2 (intermediate
pattern) for predicting malignant breast lesions

Table 4. Diagnostic performance of an SRE cutoff > 4 (hard pattern)
for predicting malignant breast lesions

Description Parameter

Description Parameter

Sensitivity, n (%) (95% Cl)
Specificity, n (%) (95% CI)

Positive LR (min-max)

93.0 (86.1-97.14)
42.4 (30.9-54.5)
1.62 (1.32-1.98)
0.16 (0.08-0.35)
68.8 (64.3-73.0)
81.5 (67.3-90.4)
71.6 (64.3-78.2)

Negative LR (min-max)
PPV, n (%) (95% CI)

NPV, n (%) (95% CI)
Accuracy, n (%) (95% ClI)

71.0 (61.0-79.6)
75.3 (63.8-84.6)
2.88 (1.89-4.38)
0.38 (0.28-0.54)
78.7 (72.1-85.7)
65.4 (57.6-72.5)
72.8 (65.5-79.3)

Sensitivity, n (%) (95% Cl)
Specificity, n (%) (95% CI)
Positive LR (min-max)
Negative LR (min-max)
PPV, n (%) (95% CI)

NPV, n (%) (95% Cl)
Accuracy, n (%) (95% CI)

SRE: strain ratio elastography; LR: likelihood ratio; PPV: positive pre-
dictive value; NPV: negative predictive value; Cl: confidence interval.

categories 4 or 5. These results applied only to the
LOGIQ E9 GE system. The three-grade classification
based on the SRE cutoff value may be useful for
improving characterization of breast lesions as a com-
plement to morphological BI-RADS assessment.
Elasticity has been categorized as soft, intermediate,
or hard using a five-point scale for the color map and
E/B index'. In contrast, SRE cutoff values that distin-
guish malignancy from benignity are not standardized'.
Furthermore, each equipment brand defines its own

SRE: strain ratio elastography; LR: likelihood ratio; PPV: positive pre-
dictive value; NPV: negative predictive value; Cl: confidence interval.

reference values for reporting SRE. Radiologists should
review the elastography recommendations of their US
unit vendor®®, In our study, using the LOGIQ E9 GE,
we proposed a new grading classification based on
SRE cutoff values: grade 1, soft pattern (0-1.9); grade 2,
intermediate pattern (2.0-3.9); and grade 3, hard
pattern (4.0-6.0). We found that grade 3 with an SRE
cutoff > 4 had good diagnostic performance, with a
sensitivity of 71.0%, a specificity of 75.3%, and an accu-
racy of 72.8% for predicting malignant breast lesions.
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Table 5. Three-grade classification by SRE in relation to the tumor grade of malignant breast lesions

Description Total SRE Grade 1 SRE Grade 2 SRE Grade 3 p
(n'=100) (soft pattern) (intermediate pattern) (hard pattern)
(n=17) (n=22) (n=71)
Tumor grade, n (%)
Grade 1 20 3(15.0) 8 (40.0) 9 (45.0) 0.015
Grade 2 67 2(3.0) 11 (16.4) 54 (80.6) 0.006
Grade 3 13 2 (15.4) 3(23.1) 8 (61.5) 0.428

aGrade 1 with an SRE cutoff of 0 to 1.9; grade 2 with an SRE of 2.0 to 3.9; and grade 3 with an SRE of 4.0 to 6. SRE: strain ratio elastography.

Table 6. Three-grade classification by SRE in relation to molecular subtypes of malignant breast lesions

Description Total SRE Grade 1 SRE Grade 2 SRE Grade 3 p
(n =100) (soft pattern) (intermediate pattern) (hard pattern)
(n=7) (n=22) (n=71)

Molecular subtype, n (%)
Luminal A 37 1(2.7) 9(24.3) 27 (73.0) 0.422
Luminal B 28 1(3.5) 5(17.9) 22 (78.6) 0.530
Her2 1 1(9.0) 3(27.3) 7(63.7) 0.849
Her2-enriched 10 1(10.0) 3(30.0) 6 (60.0) 0.721
Triple negative 14 3(21.4) 2(14.3) 9 (64.3) 0.068

aGrade 1 with an SRE cutoff of 0 to 1.9; grade 2 with an SRE of 2.0 to 3.9; and grade 3 with an SRE of 4.0 to 6. Her2: human epidermal growth
factor receptor 2. SRE: strain ratio elastography.

1L 1.11cm
2L 1.16cm

Figure 5. A 54-year-old woman with a palpable lump in the right breast. A: grayscale US shows an irregular, non-parallel, hypoechoic mass
with an angular margin and posterior shadowing. B: color Doppler US shows no internal vascularity. The mass is located in the lower-outer
quadrant of the right breast and measures 1.1 x 1.1 cm; BI-RADS 4C. C: SE image shows an ROl in the center of the lesion (green circle and
line) and a reference ROl in the adjacent fat tissue (yellow circle and line). The SRE cutoff value was 5.9 (grade 3, hard pattern). D: histological
section (H&E, 40x) shows nests of cells with abundant cytoplasm and nuclei with irregular chromatin, pleomorphism, and hyperchromatic
nuclei (black arrow). The diagnosis was invasive ductal carcinoma, tumor grade 1, and molecular subtype luminal B.

US: ultrasound; BI-RADS: Breast Imaging Reporting and Data System; SE: strain elastography; ROI: region of interest; H&E: hematoxylin and eosin.
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Figure 6. A 39-year-old woman with a palpable lump in the left breast. A: grayscale US shows an oval, parallel-oriented, hypoechoic mass
with a microlobulated margin and posterior enhancement, located in the upper-outer quadrant of the left breast and measuring 4.6 x 2.8 cm.
B: color Doppler US shows internal vascularity. BI-RADS 4B. C: SE shows an ROl at the center of the lesion (green circle and line) with the
reference ROl in adjacent fat tissue (yellow circle and line). The SRE cutoff value was 5.3 (grade 3, hard pattern). D: histological section (H&E,
20x) shows solid nests of pleomorphic and atypical cells, inducing extensive peripheral desmoplastic reaction in the stroma (black arrow).
The diagnosis was invasive ductal carcinoma, tumor grade 2, and molecular subtype HER2.

US: ultrasound; BI-RADS: Breast Imaging Reporting and Data System; SE: strain elastography; ROI: region of interest; H&E: hematoxylin and eosin.

In contrast, an SRE cutoff > 2 at grade 2 (intermediate
pattern) yielded a sensitivity of 93%, a specificity of
42.4%, and an accuracy of 71.6% for predicting malig-
nancy. The SRE cutoff > 4 showed higher specificity
and fewer false positives (n = 29) than the cutoff > 2
(n = 42). Liu et al.? evaluated 431 BI-RADS 4 breast
lesions in 417 women. All patients were examined with
US, SE, and histopathology using the LOGIQ E9 GE
system. There were 276 malignant and 155 benign
lesions. An SRE cutoff of 4.15 yielded a sensitivity of
92.2%, a specificity of 72.5%, and an accuracy of 86.1%.
Mutala et al. studied 112 patients using US and SE with
a LOGIQ E9 GE system and histopathologic examina-
tion, BI-RADS 4 and 5 categories. Eighty-four lesions
were benign, and 28 were malignant. An SRE cutoff of
4.2 yielded a sensitivity of 93% and a specificity of 96%.
Our study results are comparable to those of the Mutala
and Liu reports, both of which used LOGIQ E9 GE
equipment and recommended an SRE cutoff > 4.

Soft breast lesions assessed by SE tend to be benign,
with exceptions such as mucinous carcinoma, ductal
carcinoma in situ, and necrotic tumors'. The SRE cutoff

for benign lesions has been little studied. Kokubu et al.?,
using the LOGIQ E9 GE system, evaluated 170 patients
with intraductal breast lesions and reported a mean SRE
cutoff of 2.63 + 1.22 for benign lesions and 4.46 + 1.08
for malignant lesions (p < 0.001). In our study of 173
women, 73 with benign and 100 with malignant breast
lesions, the median SRE cutoff was 2.4 (IQR 1.5-3.9) for
benign lesions and 5.2 (IQR 3.7-5.9) for malignant
lesions (p < 0.001). This finding enables significant dif-
ferentiation between benign and malignant lesions.
Benign lesions were commonly classified as SRE
grade 1, soft pattern (n = 31, 42.0%) and SRE grade 2,
intermediate pattern (n = 24, 33.0%). In contrast, malig-
nant lesions were commonly SRE grade 3, hard pattern
(n =71, 71.0%). Our results for benign lesions are com-
parable to other reports, indicating that benign breast
lesions are softer than malignant ones.

The strengths of this study include the use of histo-
pathologic confirmation as the gold standard for breast
lesion diagnoses. Only SE images with optimal com-
pression, as determined by the quality index, were
included. SE examinations were performed by a
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Figure 7. A 59-year-old asymptomatic woman, mammography screening (not shown) with focal asymmetry of the right breast. A: a grayscale
US shows an irregular, parallel, hypoechoic mass, with an angular margin, posterior shadowing, and calcifications, located in the lower inner
quadrant of the right breast and measuring 1.5 x 1.6 cm, BI-RADS 4C. B: color Doppler US shows internal vascularity. C: SE shows the ROI
at the center of the lesion (green circle and line), with the reference ROl in adjacent fat tissue (yellow circle and line). The SRE cutoff value
was 5.7 (grade 3, hard pattern). D: histological section (H&E, 40x) shows marked atypia, nuclear pleomorphism, and atypical mitoses (black
arrow). The diagnosis was invasive ductal carcinoma with a cribriform pattern, tumor grade 3, and molecular subtype luminal A.

US: ultrasound; BI-RADS: Breast Imaging Reporting and Data System; SE: strain elastography; ROI: region of interest; H&E: hematoxylin and eosin.

radiologist specializing in breast imaging. Our study
has several limitations, including its retrospective, single-
center design. Only patients with suspicious BI-RADS
categories 4 and 5 were included. The placement of
the ROI and the maintenance of steady compression
are operator dependent, and image quality significantly
impacts the accuracy of interpretation'. The cutoff value
of SRE for predicting malignant breast lesions was
selected arbitrarily and guided the SRE three-grade
classification. In addition, intra- and interobserver
agreement were not assessed, which limits the evalu-
ation of the reproducibility of SRE measurements. Our
study assessed only the LOGIQ E9 GE system; there-
fore, our results are not generalizable to other US sys-
tems from other manufacturers due to vendor-dependent
differences in SRE implementation and semiquantita-
tive scales.

CONCLUSION

This study presented a three-grade classification
based on SRE cutoff values using the LOGIQ E9 GE.
The SRE grade 3, hard pattern with a cutoff value > 4

had good diagnostic performance for predicting malig-
nant breast lesions. Future studies should validate our
results using larger sample sizes in multicenter set-
tings. As elastography techniques continue to evolve,
radiologists and US vendors should agree upon a uni-
versally standard SRE cutoff value to promote consis-
tency in predicting benign and malignant breast lesions.
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Fractional anisotropy quantification by diffusion tensor MRI of cranial
nerves VIl and VIl with neurovascular contact in patients with and
without neurocompressive syndrome

M. Pilar Cortes-Avalos‘®, C. Arturo Dominguez-Frausto*(® and Juan A. Benitez-Lopez
Magnetic Resonance Imaging Unit, Institute of Neurobiology, Universidad Nacional Autonoma de Mexico, Juriquilla, Queretaro, Mexico

ABSTRACT

Introduction: Fractional anisotropy (FA) quantification using diffusion tensor imaging (DTI) provides information beyond
anatomy. It allows differentiation between incidental asymptomatic neurovascular contact (NVC) and clinical neurocompres-
sive syndrome. This study evaluated the FA of cranial nerves VIl and VIIl with NVC at the cerebellopontine angle in patients
with and without neurocompressive syndrome. Material and Methods: This cross-sectional study evaluated participants with
and without neurocompressive syndromes, including hemifacial spasm, tinnitus, or vertigo. Conventional 3.0T magnetic reso-
nance imaging (MRI) with T2-weighted CUBE and 3D- time-of -flight (TOF) sequences was performed. FA quantification
using DTI MRI, as well as Chavda type and Gorrie grading were used to assess NVC. Results. We evaluated 132 ears in
66 adults; 99 (75.0%) had some type of NVC. Among these, 66 ears were asymptomatic with a high mean FA (0.294 + 0.068).
Thirty-three ears with neurocompressive syndrome had a low mean FA (0.218 + 0.053) (p < 0.001). In ears with NVC,
the mean FA was 0.207+ 0.032 in hemifacial spasm (n = 6, 6.1%), 0.227 in tinnitus (n = 21, 21.2%), and 0.206 in vertigo
(n = 14, 14.2%). In contrast, the mean FA was 0.273 in ears without hemifacial spasm (n = 93, 93.9%), 0.280 in those without
tinnitus (n = 78, 78.8%), and 0.279 in those without vertigo (n = 85, 85.8%). FA differences were significant between ears
with and without neurocompressive syndrome. Conclusion. DT/ MRI demonstrated significantly lower FA of cranial nerves
VIl and VIII with NVC at the cerebellopontine angle in ears with neurocompressive syndrome compared to asymptomatic
ears with NVC.

Keywords: Diffusion tensor. Fractional anisotropy. Neurovascular contact. Neurocompression syndrome. Facial nerve. Vestibu-
locochlear nerve.

INTRODUCTION

identify the anatomical relationship between nerves and
vessels, but it is limited in assessing neural microstruc-

The anatomical proximity of nerves and vessels inthe  yra| damage. In this context, diffusion tensor imaging

cerebellopontine angle allows neurovascular contact
(NVC) involving cranial nerves VIl (facial) and VIII (ves-
tibulocochlear), and cerebellar artery branches. NVC
may be an incidental finding or associated with neuro-
compressive syndromes such as hemifacial spasm, ves-
tibular neuralgia, or vascular hearing loss and vertigo'2.
Conventional magnetic resonance imaging (MRI) can
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(DTI), particularly fractional anisotropy (FA), is an emerg-
ing quantitative tool that detects subtle changes in nerve
fiber integrity®.

FA quantification by DTI has been linked to white
matter fiber demyelination*. NVC occurs most frequently
at the root entry/exit zone, where the transition between
central and peripheral myelin makes the nerve more
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vulnerable to pulsatile vascular compression. Not all
cases of NVCs are clinically symptomatic. Therefore, a
distinction is made between NVC with neurocompres-
sive syndrome (vascular contact associated with neu-
rological symptoms and, potentially, microstructural
alterations of the nerve) and NVC without neurocom-
pressive syndrome, which is an anatomical finding with-
out a clinical correlation.

The role of DTl in NVC has been studied in trigeminal
neuralgia; however, there are few reports on clinical
symptoms involving cranial nerves VII and VIII at the
cerebellopontine angle and the presence of neurocom-
pressive syndromes such as hemifacial spasm, tinni-
tus, or vertigo®8. This study used DTI to evaluate FA of
cranial nerves VIl and VIl in patients with NVC at the
cerebellopontine angle, with and without neurocom-
pressive syndrome.

MATERIAL AND METHODS

A cross-sectional study was conducted from July to
October 2024 at the Magnetic Resonance Imaging Unit
of the Institute of Neurobiology, Universidad Nacional
Autonoma de Mexico, Juriquilla, Queretaro, Mexico.
Participants of both sexes, over 18 years of age, referred
with neurocompressive syndrome or other diagnoses
without neurocompressive syndrome were included.
Patients with an MRI showing a space-occupying lesion
in the cerebellopontine angle or with a poor-quality MRI
were excluded. Written informed consent was obtained.
This study was approved by the Institutional Ethics
Committee and Research Committee.

Development and study of variables

The age and sex of each participant were recorded
in the institutional database. MRI T2-weighted CUBE
and 3D-time-of-flight (TOF) sequences were used to
assess the type and grade of NVC. FA was quantified
using DTI in the axial plane.

Definitions

NVC: a vascular loop that contacts a cranial nerve,
with no cerebrospinal fluid interface between them’.

Neurocompressive syndrome: signs and symptoms
such as hemifacial spasm, tinnitus and vertigo caused
by irritation of cranial nerves VII or VIII due to direct
mechanical contact with a vascular loop.

Vertigo: sensation of rotational movement, a vestib-
ular dysfunction symptom.

Tinnitus: the perception of sound generated by body
functions®.

Hemifacial spasm: irregular, involuntary muscle con-
tractions of the face?.

FA: a scalar parameter that varies between 0 and 1;
0 refers to isotropy, and 1 refers to anisotropy. An FA
close to 1 indicates highly directional diffusion, typical
of intact and well-myelinated nerve fibers. An FA close
to 0 indicates isotropic diffusion, associated with a loss
of microstructural organization, demyelination, edema,
or axonal degeneration.

Chavda classification of NVC

The Chavda classification was used to evaluate NVC.
It refers to the depth of extension of the vascular loop
in the cerebellopontine angle and internal auditory
canal®. The NVC type was defined in the MRI T2-
weighted CUBE and 3D-TOF sequences®.

Chavda type I: an anterior inferior cerebellar artery
loop within the cerebellopontine angle but outside the
internal auditory canal.

Chavda type II: an anterior inferior cerebellar artery
loop extending into the internal auditory canal, but less
than 50% of the length of the internal auditory canal.

Chavda type IlI: an anterior inferior cerebellar artery
loop with a greater than 50% extension into the internal
auditory canal.

Gorrie grading of NVC

The Gorrie classification was used to define the
grade of contact between the artery and nerve'®. The
NVC grades were determined using MRI T2-weighted
CUBE and 3D-TOF anatomical sequences.

Gorrie grade A: an anterior inferior cerebellar artery
loop without contact with the adjacent VII/VIIl nerve
complex.

Gorrie grade B: an anterior inferior cerebellar artery
loop that runs adjacent to the VII/VIIl nerve complex.

Gorrie grade C: an anterior inferior cerebellar artery
loop that courses between the VII/VIII nerve complex.

Gorrie grade D: an anterior inferior cerebellar artery
loop that physically displaces the VIII cranial nerve.

MRI acquisition and analysis protocol

A Discovery MR 750 3.0T scanner (2009, GE
Healthcare, Milwaukee, WI, USA) with a 32-channel
head coil was used. Conventional MRl T2 CUBE and
3D-TOF sequences were acquired in the axial plane.
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DTl was performed with a b-value of 1000 and 27 direc-
tions, a field of view (FOV) of 24 x 24 mm, a matrix
size of 120 x 120 mm x 1 number of signal averages
(NSA), a slice thickness of 1 mm x 1 mm with no gaps,
a time echo (TE) of 600 ms, and a time repetition (TR)
of 68.5 ms.

The FA map was generated using GE post-processing
and SIGNA_LX1.MR30.1_R01_2322.c software merged
with the anatomical sequences. A region of interest
(ROI) was manually defined at the NVC site and another
of the same size at the same level in the contralateral
ear. The assessment of NVC and FA was performed by
a high-specialty resident in MRI (PCA) with 3 years of
experience, supervised by a neuroradiologist (ADF)
with 15 years of experience.

Statistical analysis

Numerical variables were described using measures
of central tendency and dispersion, and categorical
variables were described using absolute numbers and
percentages. The mean and standard deviation (SD) of
FA were reported. The association between unrelated
categorical variables was assessed using the chi-square
test. The difference between numerical variables
divided into categorical groups was assessed using an
independent-samples t-test. A p value less than 0.05
was considered significant. SPSS software v.25 (IBM
Corp., Armonk, NY, USA) was used.

RESULTS

A total of 132 ears in 66 adults were evaluated with
conventional MRI and DTI. Of the 66 patients, 41 (62.0%)
were women and 25 (38.0%) were men. The mean age
was 55.5 + 17.9 with a range of 18 to 91 years.

FA quantification of cranial nerves VII
and VIl with NVC comparing ears with
and without neurocompressive syndrome

Of the 132 ears, 99 (75.0%) had some type of NVC at
the cerebellopontine angle. Among these, 66 were
asymptomatic with a high mean FA (0.294 + 0.068) com-
pared to a low mean FA (0.218 + 0.053) (p < 0.001) in
33 ears with neurocompressive syndrome (Table 1). The
mean FA was 0.207+ 0.032 in hemifacial spasm (n = 6,
6.1%), 0.227 in tinnitus (n = 21, 21.2%), and 0.206 in
vertigo (n = 14, 14.2%) in contacted ears (Table 2). In
contrast, in ears without hemifacial spasm (n = 93,
93.9%), the mean FA was 0.273; without tinnitus, 0.280

Table 1. FA quantification by DTI MRI of cranial nerves VIl and VIII
with NVC at the cerebellopontine angle with and without neurocom-
pressive syndrome

Description FA

(n=99) Mean SD p
With neurocompressive 33 0.218  0.053 <0.001
syndrome
Without neurocompressive 66 0.294  0.068
syndrome

FA: fractional anisotropy; DTI: diffusion tensor imaging; MRI: magnetic
resonance imaging; NVC: neurovascular contact; SD: standard deviation.

Table 2. FA quantification by DTI MRI of cranial nerves VII and VIII
with NVC at the cerebellopontine angle with neurocompressive
syndrome

Description® FA
n Mean SD p
Hemifacial spasm
Yes 6 0.207 0.032
0.002
No 93 0.273 0.073
Tinnitus
Yes 21 0.227 0.029
0.001
No 78 0.280 0.077
Vertigo
Yes 14 0.206 0.072
0.001
No 85 0.279 0.068

aEight ears had two or more symptoms.
FA: fractional anisotropy; DTI: diffusion tensor imaging; MRI: magnetic
resonance imaging; NVC: neurovascular contact; SD: standard deviation.

(n=78, 78.8%), and 0.279 without vertigo (n = 85, 85.8%).
FA differences between ears with and without neuro-
compressive syndrome were significant. FA values were
significantly lower in neurocompressive syndrome.

Chavda classification of NVC and FA
quantified by DTI MRI in cranial nerves VII
and VIIl, comparing ears with and without
neurocompressive syndrome

Among 99 ears with some type of NVC at the cere-
bellopontine angle, 73 (73.7%) were Chavda type |,
23 (23.3%) type II, and 3 (3.0%) type Ill (Table 3). The
mean FA of Chavda type | was 0.205 in ears with hemi-
facial spasm and 0.270 in those without it (p = 0.074).
Tinnitus was present in 17 ears with a mean FA of
0.221. In contrast, in patients without tinnitus, the mean
FA was 0.279 (p = 0.001).
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Table 3. Chavda types of NVC and FA quantified by DTI MRl in cranial nerves VII and VIII comparing ears with and without

neurocompressive syndrome

Description Chavda type | Chavda type Il Chavda type IlI
FA FA FA
(n=73) Mean SD p (n=23) Mean SD p (n=3) Mean SD p
With neurocompressive syndrome 28 0.213  0.054 0.001 4 0.250 0.038 0.290 1 0.214  0.034 0.179
Without neurocompressive 45 0.298 0.073 19 0.283  0.058 2 0.304  0.021
syndrome
Neurocompressive syndrome?
Hemifacial spasm
Yes 5 0.205 0.035 0.074 0 1 0.214  0.034 0.179
No 68 0.270 0.078 23 0.278  0.055 2 0.304  0.021
Tinnitus
Yes 17 0.221 0.025 0.001 4 0.250 0.038 0.290 0
No 56 0.279  0.083 19 0.283  0.058 3 0.274  0.254
Vertigo
Yes 14 0.205 0.072 0.001 0 - - - 0
No 59 0.280 0.073 23 0.278  0.055 3 0.274  0.054

aEight ears had two or more symptoms.

FA: fractional anisotropy; DTI: diffusion tensor imaging; MRI: magnetic resonance imaging; NVC: neurovascular contact; SD: standard deviation.

Vertigo was present in 14 ears with a mean FA of
0.205, while in those without vertigo, the mean FA was
0.280 (p = 0.001).

In Chavda type I, tinnitus was present in four ears
with @ mean FA of 0.250, compared to 0.283 in those
without tinnitus (p = 0.290). In Chavda type Ill, hemifa-
cial spasm was present with an FA of 0.214, compared
to a mean FA of 0.304 in those without hemifacial
spasm (n = 2). There were no Chavda type Il in ears
with vertigo or hemifacial spasm or Chavda type Il in
those with tinnitus or vertigo.

Figure 1 shows MRI T2-weighted CUBE with exam-
ples of Chavda types of NVC based on vascular loop
extension into the internal auditory canal. Figure 2
shows an MRI of a 61-year-old man with tinnitus and
Chavda type IIl. DTI T2 CUBE fusion shows a decreased
FA of 0.251 in the ROI at the level of an NVC. The
contralateral ear shows an FA of 0.419.

Gorrie grades of NVC and FA quantified
by DTI MRI in cranial nerves VIl and VIII,
comparing ears with and without
neurocompressive syndrome

Among 99 ears with some grade of NVC at the
cerebellopontine angle, three (3.0%) were Gorrie A, 79
(79.8%) Gorrie B, and 17 (17.2%) Gorrie C (Table 4).
Gorrie grade B was the most common (n = 79, 79.8%).

Of these, 53 (67.1%) were asymptomatic with a mean
FA of 0.296, while 26 (32.9%) ears with neurocompres-
sive syndrome exhibited a significantly lower mean FA
of 0.211 (p = 0.001). In Gorrie grade B, the mean FA
was 0.208 in those with hemifacial spasm and 0.272 in
those without (p = 0.065). Tinnitus was present in 16
ears with a mean FA of 0.227, in contrast to a mean FA
of 0.278 in those without tinnitus (p = 0.001). Vertigo
was found in 11 with a mean FA of 0.189, while the
mean FA was 0.280 in those without vertigo (p = 0.001).

Ears with Gorrie grade A showed an FA of 0.201 in
one ear with hemifacial spasm compared to a mean FA
of 0.273 in those without hemifacial spasm. Similarly,
one ear with tinnitus had an FA of 0.201. Those without
tinnitus had a mean FA of 0.273. Vertigo was found in
one ear with an FA of 0.222, compared to a mean FA
of 0.262 in those without vertigo.

Among those with Gorrie grade C, tinnitus was present
in four ears with a mean FA of 0.232, compared to a
mean FA of 0.291 in those without tinnitus. Vertigo was
found in two ears with a mean FA of 0.288, while those
without vertigo had a mean of 0.275. However, differ-
ences in mean FA values between NVC Gorrie grades
A and B with and without neurocompressive syndrome
were not significant. There was no patient with Gorrie D.

Figure 3 shows an MRI T2- weighted CUBE with the
Gorrie grading of NVC between the vascular loop and
the VIII nerve. Figure 4 shows an MRI of a 51-year-old
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Figure 1. A 3.0T MRI T2- weighted CUBE shows Chavda types of NVC based on the depth of vascular loop extension into the internal auditory
canal. A: a 66-year-old man with tinnitus and vertigo. NVC Chavda type | (yellow arrowhead) shows an anteroinferior cerebellar artery loop
(asterisk) in the cerebellopontine angle (green arrowhead). B: a 61-year-old woman with hemifacial spasm. NVC Chavda type Il (yellow
arrowhead) shows an anteroinferior cerebellar artery loop (asterisk) extending into the internal auditory canal (purple arrowhead), but less
than 50% of its length. C: a 54-year-old man with hemifacial spasm. The yellow arrowhead shows NVC Chavda type Il with an anteroinferior
cerebellar artery loop (asterisk) extending more than 50% into the internal auditory canal (purple arrowhead).

T: Tesla; MRI: magnetic resonance imaging; NVC: neurovascular contact.

man with tinnitus and vertigo, Chavda type |, Gorrie
grade C. DTI T2-weighted CUBE fusion shows decreased
FA (0.217) in the ROI at the level of the NVC. The con-
tralateral ear shows an FA of 0.233.

DISCUSSION

Our study found significantly lower FA values using
DTl in cranial nerves VII and VIII with NVC at the cer-
ebellopontine angle in ears with neurocompressive
syndrome than in asymptomatic ears with NVC. FA
provides additional information for assessing NVC in
patients with neurocompressive syndrome. Incorporating
DTl in the evaluation of the cerebellopontine angle
offers further insight, which can improve the clinical-
radiological classification and reinforce the need to
complement an anatomical evaluation with functional
quantitative techniques.

Previous DTI reports on cranial nerves have demon-
strated decreased FA in patients with neurocompres-
sive syndrome or cranial neuralgias, particularly at the
root entry/exit zone®>'"". Several reports have shown a
relationship between direct contact of a vascular loop
with a nerve and the presence of vertigo, tinnitus, and

hemifacial spasm®'2'3, The use of DTI to measure FA
has recently increased because it reflects demyelination
of white matter fibers. Our study, using DTI MRI, showed
a significant difference between ears with NVC and
neurocompressive syndrome, with a mean FA of 0.218,
and asymptomatic NVC ears with a mean of 0.294
(p < 0.001). Ears with NVC presenting neurocom-
pressive syndrome with hemifacial spasm, tinnitus or
vertigo had a significantly lower FA than asymptomatic
NVC ears. These findings show an FA behavior consis-
tent with that reported by other authors®$. Kierig et al.?
conducted a comparative study at the Interdisciplinary
German Center for Vertigo and Balance Disorders that
included 36 adults, 18 with vestibular paroxysm (52.6 +
18.1 years) and 18 asymptomatic (50.3 + 16.5 years).
In the study of the VIII cranial nerve entry/exit zone, a
3.0T MRI (Magnetom Skyra, Siemens Healthcare,
Erlangen, Germany) was used to evaluate vestibular
NVC. By combining DTI sequences for vestibular nerve
angulation with delayed post-gadolinium acquisition
and processing via DSI Studio software (http://dsi-studio.
labsolver.org/), a significant difference in FA was observed.
The mean FA was lower (0.150) in nerves affected
by vestibular paroxysm compared to those without
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Figure 2. A 3.0T MRI of a 61-year-old man with tinnitus. A: the T2-weighted CUBE shows a right NVC Chavda type Il (yellow arrowhead) with
an anteroinferior cerebellar artery loop (asterisk) extending less than 50% into the internal auditory canal (purple arrowhead), adjacent to
the nerve complex VII/VIII (blue arrowhead). B: a 3D-TOF shows an anteroinferior cerebellar artery loop (asterisk) in the internal auditory
canal. C: a DTI T2 CUBE showing fusion with decreased FA of 0.251 in the ROI at the level of the NVC (yellow arrowhead). The contralateral
ear shows FA of 0.419 (red arrowhead).

DTI: diffusion tensor imaging; 3D-TOF: three-dimensional time of flight; T: Tesla; MRI: magnetic resonance imaging; NVC: neurovascular contact; FA: fractional

anisotropy: ROI: region of interest.

vestibular paroxysm (0.170; p < 0.05). Jin et al.® at the
Department of Neurosurgery of the First Affiliated
Hospital of China Medical University performed a pro-
spective study of 40 patients with primary hemifacial
spasm. These patients underwent DTI with a 3.0T MRI
scanner and DSI Studio software before microvascular
decompression. They were followed up at 6 months
and one year after surgery with DTl. The mean FA

(0.430) of the affected side was significantly lower than
the healthy side (FA 0.460) (p < 0.05). There is no stan-
dard value to define FA reduction in NVC. The trend
toward decreased FA in the studies by Jin et al.® and
Kierig et al.b is similar to our study; however, the FA
values are not directly comparable because our mea-
surements were performed manually by placing the ROI
at the level of the NVC, including all fibers of the voxel.
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Table 4. Gorrie grades of NVC and FA quantified by DTI MRl in cranial nerves VII and VIII comparing ears with and without
neurocompressive syndrome

Description Gorrie grade A Gorrie grade B Gorrie grade C
FA FA FA
(n=3) Mean SD p (n=79) Mean SD p (n=17) Mean SD p
With neurocompressive 2 0.211 0.14 26 0.211 0.49 5 0.259  0.066
syndrome
) ) 0.102 0.001 0.490

Without neurocompressive 1 0.324 - 53 0.296  0.069 12 0.284  0.067
syndrome

Neurocompressive syndrome?

Hemifacial spasm

Yes 1 0.201 - 5 0.208  0.035 0
0.565 0.065
No 2 0.273  0.072 74 0.272  0.075 17 0.277  0.066
Tinnitus
Yes 1 0.201 - 16 0.227  0.029 4 0.232  0.032
0.565 0.001 0.126
No 2 0.273  0.072 63 0.278  0.079 13 0.291  0.068
Vertigo
Yes 1 0.222 - " 0.189 0.062 2 0.288  0.111
0.769 0.001 0.818
No 2 0.262  0.086 68 0.280  0.068 15 0.275  0.064

aEight ears had two or more symptoms.
FA: fractional anisotropy; DTI: diffusion tensor imaging; MRI: magnetic resonance imaging; NVC: neurovascular contact; SD: standard deviation.

Figure 3. 3.0T MRI T2- weighted CUBE shows the Gorrie grade of contact between the vascular loop and the VIII nerve. A: a 72-year-old
asymptomatic woman with NVC Gorrie grade A (yellow arrowhead) shows an anteroinferior cerebellar artery loop (asterisk) without contact
with the adjacent VII/VIIl nerve complex (blue arrowhead). B: a 61-year-old woman with hemifacial spasm, shows NVC Gorrie grade B (yellow
arrowhead) with an anteroinferior cerebellar artery loop (asterisk) running adjacent to the VII/VIIl nerve complex (blue arrowhead). C: a
58-year-old man with vertigo, shows NVC Gorrie grade C (yellow arrowhead) with an anteroinferior cerebellar artery loop (asterisk) coursing
between the VII/VIIl nerve complex (blue arrowhead).

T: Tesla; MRI: magnetic resonance imaging; VII: facial nerve; VIII: vestibulocochlear nerve; NVC: neurovascular contact.
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Figure 4. A 3.0T MRI of a 58-year-old man with tinnitus and vertigo. A: T2-weighted CUBE shows NVC Chavda type | and Gorrie grade C (yellow
arrowhead) on the left side in the cerebellopontine angle (green arrowhead). B: the 3D-TOF demonstrates the vascular loop (asterisk) in the
cerebellopontine angle. C: a DTI T2-weighted CUBE fusion shows decreased FA of 0.217 in the ROI at the level of the NVC (red arrowhead).

The contralateral ear shows FA of 0.233 (yellow arrowhead).

DTI: diffusion tensor imaging; 3D-TOF: three-dimensional time of flight; T: Tesla; MRI: magnetic resonance imaging; NVC: neurovascular contact; FA: fractional

anisotropy; ROI: region of interest.

They used DSI Studio software, which eliminates vox-
els containing crossing fibers, resulting in a lower
anisotropy fraction than when performed manually. DTI
allows the identification of microstructural alterations in
cranial nerves VIl and VIl associated with neurocom-
pressive syndrome. FA is a useful quantitative para-
meter for differentiating incidental NVC from clinically
symptomatic NVC, providing additional diagnostic value

in the radiological evaluation of the cerebellopontine
angle.

Neurocompressive syndromes caused by NVCs are
usually due to arteries that directly contact the cisternal
portion at the entry/exit points of cranial nerves'.
Chavda type |, located in the cerebellopontine angle
cistern, is the most common type of NVC315. McDermott
et al.? conducted a prospective study in the UK of 332
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adults with unilateral tinnitus or asymmetrical hearing
loss. 3D constructive interference in steady-state MRI
was performed. They found that Chavda type | was the
most common contact, but the presence of tinnitus did
not differ across neurovascular contact types. In con-
trast, Chavda type Il of NVC showed a significant dif-
ference in the presence of hearing loss between the
126 affected and 76 non-affected sides (p = 0.016). Our
study showed that Chavda type | was the most com-
mon NVC, with a significant difference in the presence
of tinnitus or vertigo in affected ears compared to
asymptomatic ears with Chavda type | NVC. Chavda
type Il was less common and showed no significant
difference in the presence of tinnitus compared to
asymptomatic ears. Our findings showed a higher fre-
quency of Chavda type | and a trend toward an asso-
ciation with neurocompressive syndrome.

The Gorrie classification provides a common lan-
guage describing the presence of a vascular loop and
its specific location, correlating with the patient’s symp-
toms'®'. In our study, Gorrie grade B was the most
common NVC. Tinnitus and vertigo showed significant
differences with lower FA than in asymptomatic ears.
Bae et al.'® conducted a retrospective study in South
Korea on 25 patients diagnosed with typewriter tinnitus.
Patients were classified into three groups: group 1
(symptomatic side), group 2 (asymptomatic side), and
group 3 (patients with dizziness). They underwent MRI
with conventional sequences at the level of the internal
auditory canal and the cerebellopontine angle. The
type of NVC was classified into three categories: type
[, no neurovascular contact, similar to Gorrie grade A;
type Il, neurovascular contact present at the cochle-
ovestibular nerve complex but without angulation or
indentation of the nerve, similar to Gorrie grade B; and
type I, neurovascular compression causing cochle-
ovestibular nerve angulation or indentation similar to
Gorrie grade D. NVC type Il was significantly higher
on the symptomatic sides of patients with typewriter
tinnitus than in the other groups. The findings sug-
gested that greater contact between the vascular loop
and the cranial nerve is associated with neurocompres-
sive syndrome.

This study has several strengths. DTI was performed
by a radiology technician, with MRI parameters meticu-
lously modified by a medical physicist with 15 years
of experience in MRI based on the physical and ana-
tomical characteristics of cranial nerves VII and VIII
in the cerebellopontine angle. The scanner included
the requirement for post-processing and software for FA
measurement. This study also has limitations that need

to be considered. The small sample size and the use of
only a 3.0T MRI scanner limit data reproducibility. The
sample size and cross-sectional design also limit causal
inference regarding the association between decreased
FA and neurocompressive syndrome. Evaluating cranial
nerves using DTl is technically challenging due to their
small size, proximity to cerebrospinal fluid, and suscep-
tibility to motion and distortion artifacts. Additionally, the
lack of standardized protocols for DTI acquisition and
analysis in cranial nerves hinders direct comparisons
between studies.

CONCLUSION

DTI MRI showed significantly lower FA in cranial nerves
VII and VIII with NVC in the cerebellopontine angle in
ears with neurocompressive syndrome compared with
asymptomatic ears with NVC. While asymptomatic NVC
does not alter FA values, neurocompressive syndrome is
consistently associated with a significant decrease in FA.
These findings reinforce DTl as a diagnostic complement
and a potential biomarker in NVC assessment. From a
neuroradiology perspective, our results support the use
of DTl as a complement to high-resolution anatomical
sequences, providing quantitative information on nerve
integrity. Further studies with larger populations are
needed to confirm the consistency of significant differ-
ences in ears with NVC with or without neurocompressive
syndromes of cranial nerves VIl and VIII in the cerebel-
lopontine angle.
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Superficial prepatellar and infrapatellar bursitis: a pictorial essay
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ABSTRACT

Because bursae play an essential role in mobility, their pathological entity -bursitis- requires specialized medical care.
Superficial prepatellar bursitis and superficial infrapatellar bursitis are common causes of anterior knee inflammation and pain.
This pictorial essay provides a detailed description of imaging findings and broadens the spectrum of conditions affecting the
superficial prepatellar and superficial infrapatellar bursae. Ultrasound (US) is a first-line diagnostic tool because of its high
sensitivity, wide availability, low cost, and ability to guide interventional diagnostic and therapeutic procedures. Magnetic re-
sonance imaging (MRI) complements US in complex cases, allowing detailed evaluation of bursal contents and adjacent
structures and excluding intra-articular abnormalities. Traumatic superficial prepatellar and infrapatellar bursitis are classified
as aseptic, septic, or hemorrhagic; each has specific clinical and imaging characteristics. The differential diagnosis of super-
ficial prepatellar and superficial infrapatellar bursitis of the knee includes soft tissue collections, hematomas, scar-related lesions,
patellar tendon pathology, bone lesions, and, less frequently, tumors. Superficial prepatellar and superficial infrapatellar bursitis
can develop as postoperative complications of anterior knee procedures, especially those involving the patella or the patellar
tendon. The cause and severity determine treatment. Most cases respond well to conservative management, including PRICE
therapy (protection, rest, ice, compression, and elevation) and non-steroidal anti-inflammatory drugs. Accurate imaging assess-
ment of superficial prepatellar and superficial infrapatellar bursitis is essential to ensure appropriate management.

Keywords: Superficial prepatellar bursitis. Superficial infrapatellar bursitis. Knee bursae. Ultrasound. Magnetic resonance
imaging. Computed tomography.

INTRODUCTION

Technological advances have enabled a qualitative
leap in the study of organs and anatomical structures,
including their function, pathological changes, and

In ancient times, bursae were not studied as indepen-
dent structures but were considered elements associ-
ated with joints and body movement. Hippocrates (2nd
century BC) and Galen (2nd century AD) described
them without assigning a specific name. It is also known

mechanisms of injury. The topic in this pictorial essay —
the study of bursae — is essential for recognizing the
diagnostic accuracy and detailed information provided
by high-resolution ultrasound (US) and magnetic reso-
nance imaging (MRI), thereby facilitating appropriate
medical and surgical treatment decisions.
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that, even in antiquity, thermal baths were recommended
for the treatment of inflammation and movement limita-
tions'. The term bursa began to be used during the
Middle Ages. It derives from Latin and means “bag” or
“pouch,” referring to containers used to store coins or
wine. The term was adopted in both anatomical and
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stock exchange terminology. The formal and systematic
study of bursae in medicine is relatively recent?.

Bursae are fluid-filled structures located between the
skin and a tendon, or between a tendon and a bone3.
Most bursae form during embryonic development; how-
ever, some are not present at birth and develop grad-
ually with age as mechanical friction increases. The
human body contains approximately 140 bursae®*. Their
main function is to minimize friction between adjacent
moving structures®. They are classified according to their
location as subcutaneous, subfascial, subtendinous, and
submucosal®. Bursae can be divided into two types:
anatomical and adventitial. Anatomical bursae are true
synovial-lined fluid-filled sacs located near joints.

In contrast, adventitial bursae lack a synovial lining
and may be located farther from the joint; therefore,
they are also considered accidental bursae®. A limited
number of reports describe the superficial prepatellar
and superficial infrapatellar bursae. Most articles focus
on anatomical aspects or are case reports of severe
bursitis treated with minimally invasive techniques or
surgery. This pictorial essay broadens the spectrum of
conditions affecting the superficial prepatellar and infra-
patellar bursae of the anterior knee and provides a
detailed description of their imaging findings.

ANATOMY OF THE SUPERFICIAL
PREPATELLAR BURSA

This superficial prepatellar bursa is located anterior
to the patella, between the patella, the quadriceps ten-
don, and the overlying subcutaneous tissue. It is a small
superficial structure centered over the patella, although
it may project beyond the lateral border by a few milli-
meters®. It is oriented in the coronal plane in all cases.

Anatomically, the anterior bursae of the knee, partic-
ularly the superficial prepatellar bursa, have a complex
trilaminar organization, which explains their diverse
pathological patterns. The trilaminar configuration of
the superficial prepatellar bursa consists of fibrous
soft-tissue over the patella®. These structures, from
superficial to deep, include (Figure 1):

- A superficial compartment, known as the subcuta-
neous prepatellar bursal space, is located between
the subcutaneous tissue and the transverse super-
ficial fascia (fascia lata).

- An intermediate compartment, or subfascial prepa-
tellar bursal space, is situated between the trans-
verse superficial fascia and the intermediate oblique
fascia, which is formed by fascial extensions of the
vastus lateralis and vastus medialis muscles.

— The deepest compartment, or subaponeurotic pre-
patellar bursal space, is located between the inter-
mediate oblique fascia and the deep longitudinal
fibers of the rectus femoris tendon, which inserts
directly on the patella®.

This trilaminar arrangement was found in 93% of
cases in cadaveric study by Dye et al.f and in 78% in
a study by Aguiar et al.5, who also reported a bilaminar
pattern in 22%. There are no reports of a unilaminar or
unicameral pattern, as previously suggested in older
anatomy textbooks®. The superficial prepatellar bursa
normally does not communicate with the knee joint,
except in cases of patellar tendon rupture (Figure 2).

ANATOMY OF THE SUPERFICIAL
INFRAPATELLAR BURSA

The superficial infrapatellar bursa, located adjacent
to the distal insertion of the patellar tendon, is one of
the bursae surrounding the knee’. It has clinical and
imaging characteristics similar to those of the superfi-
cial prepatellar bursa.

This bursa has both superficial and deep components’.
The superficial component lies over the patellar tendon
and is most often involved in bursitis. In some pathological
situations, the superficial prepatellar and superficial
infrapatellar bursae may communicate with each other”.

IMAGING DIAGNOSIS OF BURSITIS
X-ray

The role of X-ray in evaluating superficial bursae of
the knee is limited. Plain radiography is primarily used
to assess adjacent bone structures and, on anteropos-
terior and lateral projections, to evaluate soft tissues
indirectly. The lateral X-ray projection is the most useful
view for evaluating anterior knee soft tissues. Its main
usefulness is in identifying associated fractures and
detecting soft-tissue swelling or subcutaneous emphy-
sema anterior to the patella. These findings may be
relevant in the acute setting, particularly in the context
of trauma or infection®.

Plain radiographs may show dystrophic or heterotopic
calcifications, which are common in chronic or compli-
cated bursitis or in some differential diagnoses involving
the anterior aspect of the knee. X-ray also serves a com-
plementary role in postoperative patients, allowing
evaluation of surgical hardware position and identifica-
tion of potential complications related to previous
interventions® (Figures 3 A and B).
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Figure 1. A: bursae of the anterior compartment of the knee highlighted in blue: (1) suprapatellar, (2) superficial prepatellar, (3) superficial
infrapatellar, and (4) deep infrapatellar. B: illustration shows compartmentalization of the superficial prepatellar bursa highlighted in blue:
(1) superficial compartment, or prepatellar subcutaneous bursal space, between subcutaneous tissue and transverse superficial fascia;
(2) intermediate compartment, or prepatellar subfascial bursal space, between transverse superficial fascia and intermediate oblique fascia;
(3) deepest compartment, or prepatellar subaponeurotic bursal space, between intermediate oblique fascia and deep longitudinal fibers of
the rectus femoris tendon, which inserts directly into the patella. This illustration serves as an anatomical reference for the pictorial essay.

Modified from Aguiar et al

F: femur; QT: quadriceps tendon; PT: patellar tendon; IP: infrapatellar bursa; P: patella.

Ultrasound

US is the imaging modality of choice to assess
superficial prepatellar and superficial infrapatellar
bursae'®. It is operator-dependent and, in some cases,
considered limited for this reason. The location of the
superficial prepatellar bursae allows adequate evalu-
ation, even by personnel with limited US experience,
making it a useful, versatile, cost-effective procedure'.
US enables assessment of the subcutaneous tissue
and multiple knee structures. Current high-resolution
equipment allows the detection of small amounts of
fluid.

US allows evaluation of intrinsic bursal characteristics,
such as synovial thickening, septations, or internal
heterogeneity, findings commonly associated with
hemorrhagic, subacute, or chronic processes'®?. US
diagnosis of bursitis of the superficial bursae of the
anterior aspect of the knee may be based solely on

identification of a hypoechoic fluid collection, always
in the context of the patient’s clinical presentation'?
(Figures 3C and D). Dynamic maneuvers can be
performed to assess the functional involvement of
the joint. Real-time interaction with the patient during
the US examination allows questioning and provides
valuable information about the mechanism of injury or
the patient’s current clinical status.

A wide range of differential diagnoses can be identified
by correlating ultrasound findings with the patient’s
clinical presentation. US is the modality of choice for
interventional procedures, such as fluid aspiration for
diagnosis, therapeutic injections, and placement of per-
cutaneous catheters'®'3,

Comparative studies show the high specificity of US
versus MRI for superficial bursitis with good sensitivity
in expert hands, although some deep bursae or small
collections may go undetected'*®,



J. Solis-Ugalde et al. Superficial prepatellar and infrapatellar bursitis

Figure 2. A-B: sagittal proton density-weighted knee MRI with fat suppression in a 42-year-old man shows complete patellar tendon rupture,
characterized by fiber discontinuity and marked hyperintense fluid signal at the tear site (red arrowheads). There is abnormal hyperintense
fluid communication between the knee joint and the superficial prepatellar bursa (asterisks), highlighted in blue. The patella is shown in

brown. The quadriceps tendon is intact (blue arrowheads).

MRI: magnetic resonance imaging; P: patella.

Computed tomography

Computed tomography (CT) plays a secondary role
in evaluating the superficial bursae of the anterior
knee. Nevertheless, it is a useful modality with high
resolution for assessing bone structures, particularly for
detecting associated fractures'®. Its soft-tissue charac-
terization capability is limited, with performance similar
to conventional X-ray; however, it allows identification
of findings such as emphysema, calcifications, and
edema'® (Figure 3E and F). Dual-energy computed
tomography (DECT) is a new tool for soft-tissue evalu-
ation. It offers emerging opportunities in a field where
the utility of CT has traditionally been limited'®. However,
its scope has not been clearly defined in superficial
prepatellar and infrapatellar bursitis.

In postoperative patients, CT allows adequate evalu-
ation of surgical hardware and identification of potential
complications'®. However, exposure to ionizing radiation
limits its routine use; it should be reserved for selected
cases.

Magnetic resonance imaging

MRI offers greater anatomical and tissue resolution
and superior characterization of the bursal wall,

soft-tissue edema, deep-plane extension, and bone
complications (such as osteomyelitis). MRI is more
sensitive for detecting secondary findings, such as
bone contusions, signal changes in adjacent tendons,
and complex intrabursal masses. MRI is useful when
clinical findings or US suggest complications or when
detailed preoperative mapping is required”".

MRI provides advantages, including the evaluation
of associated findings and assessment of the internal
structures of the knee, as well as the added benefit of
avoiding ionizing radiation®'8. MRI exhibits high tissue
differentiation, making it the ideal complementary
modality to US, particularly in complex cases™'®
(Figure 4).

MRI identifies bursal fluid content and soft-tissue
edema, making it useful for differentiating simple bursitis
from hemorrhagic, infectious, or chronic processes®. It
also enables evaluation of synovial thickening, internal
septations, debris, and fluid-fluid levels, a characteristic
finding related to blood products of different ages and
sedimentation effects that can help support the diagnosis
to distinguish it from other soft-tissue collections or
neoplastic processes'®?° (Figure 5). The use of contrast
media allows improved assessment of the bursal wall
and tissue behavior in equivocal cases'®.
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Figure 3. A-B: lateral knee X-rays in a 59-year-old woman show prominent soft-tissue swelling anterior to the patella (asterisks), highlighted
in brown, consistent with prepatellar soft-tissue edema. C-D: sagittal US views show prepatellar bursitis, characterized by a well-defined
anechoic collection of the prepatellar bursa (asterisks), superficial to the patella, with a thin wall and absence of vascularization, highlighted
in blue, suggestive of aseptic (post-traumatic) bursitis. E-F: sagittal CT views show soft-tissue edema anterior to the patella (asterisks), highlighted
in brown, with no associated bone abnormalities.

US: ultrasound; CT: computed tomography; P: patella; PT: patellar tendon.
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Figure 4. A-B: sagittal proton density-weighted knee MRI with fat suppression in a 29-year-old woman shows a well-defined hyperintense
fluid collection involving the superficial prepatellar (black asterisks), and superficial infrapatellar (red asterisks) bursae without imaging
evidence of communication between them. The patellar tendon has preserved contour and homogeneous low signal intensity (red arrowheads).
The quadriceps tendon is intact, with normal signal intensity (blue arrowheads).

MRI: magnetic resonance imaging; P: patella.

MRI is particularly valuable for assessing involvement
of adjacent structures, such as the patellar tendon, Hoffa’s
fat pad, subcutaneous tissue, and the patella, allowing
exclusion of associated pathologies, such as soft-tissue
tumors, fibrocicatricial changes, or intra-articular lesions®.

Despite its advantages, MRl is not usually a first-line
procedure due to its higher cost and limited availability
compared to US. Therefore, MRI is reserved for cases
with suspected complications, lack of treatment res-
ponse, deep extension, or to refine complex differential
diagnoses”'.

Recommendations for imaging report
of bursitis

— Specify the affected anatomical bursa (superficial
prepatellar or superficial infrapatellar) and note
any compartmentalization if present”.

— Describe the contents (anechoic, hyperechoic,
heterogeneous), wall thickness, post-contrast
enhancement (if MRI), peribursal edema, and adja-
cent bone findings'2'.

— Identify findings suggesting infection (circumferen-
tial mural enhancement, gas, marked inflammatory
edema) and recommend image-guided aspiration
when appropriate'®?!,

— Suggest additional imaging modalities (e.g.,
MRI if US indicates deep extension or bone

involvement) and recommend a clinical-microbio-
logical correlation”4,

— Emphasize findings that (a) differentiate bursitis
from other cystic or soft tissue lesions, (b) recog-
nize signs suggestive of infection or complication,
and (c) optimize the imaging algorithm and com-
munication with the clinical or surgical team” 41721,

CLINICAL PATHOLOGIES

The diagnosis of superficial prepatellar and superfi-
cial infrapatellar pathology is primarily clinical, but
multimodal imaging (US and MRI) provides critical
information on location, extent, and complications such
as abscesses, extension into adjacent tissues, or
osteomyelitis. They also help guide procedures such
as needle aspiration or surgery”!41722,

The superficial prepatellar bursa is particularly
susceptible to compression and repetitive microtrauma,
which are common in professions that require kneeling.
Superficial prepatellar bursitis can be acute or chronic
with synovial thickening and septations.

Aseptic bursitis

Traumatic superficial prepatellar bursitis can be asep-
tic or septic. Aseptic superficial bursitis occurs after
minor, repetitive trauma in people whose occupations
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Figure 5. A-B: sagittal proton density-weighted knee MRI with fat suppression in a 22-year-old man demonstrates a markedly distended
superficial prepatellar bursa containing a heterogeneous fluid collection with fluid-fluid levels, showing dependent hypointense sedimented
components and nondependent hyperintense fluid signal superiorly (asterisks), consistent with hemorrhagic bursitis. The bursal extent is

highlighted in red.
MRI: magnetic resonance imaging.

require prolonged kneeling, such as carpet installers
and cleaning staff*. Superficial prepatellar bursitis,
which involves excessive accumulation of fluid in both
superficial anterior knee bursae, is commonly known as
“maid’s knee” when it affects the superficial prepatellar
bursa (Figure 6) and “cleric’s knee” when the superficial
infrapatellar bursa is involved (Figure 7). The appear-
ance of superficial prepatellar and infrapatellar aseptic
bursitis is consistent with fluid on US and MRI*.

US is a helpful screening method, with a sensitivity
of 87% for detecting fluid in the anterior knee bursae
compared with MRI as the gold standard*. With modern
high-resolution US, even small amounts of anechoic
fluid can be detected. This finding must always be inter-
preted in the clinical context. Other causes of aseptic
prepatellar bursitis include systemic diseases such as
gout, rheumatoid arthritis, collagen vascular disorders,
and inflammatory arthropathy?2.

Septic bursitis

Superficial prepatellar and superficial infrapatellar
septic bursitis account for approximately one-third of
all bursitis cases and represent between 0.01% and
0.1% of hospital admissions?*. The infection is believed

to occur through direct inoculation rather than hema-
togenous spread, likely because of the limited blood
supply to the bursa®* (Figure 8).

Diagnosis is primarily clinical. US can help identify
hypoechoic fluid accompanied by synovial thickening
and hypertrophy?*. In some cases, thin septations and
increased vascularity on power Doppler US may be
observed, which provide useful diagnostic and thera-
peutic guidance?®t. Associated soft tissue edema is
almost always present. There is a lack of consensus
on standardized ultrasound or Doppler parameters that
best predict infection'®.

The presence of circumferential bursal mural thickening
and enhancement on MRI, peripheral enhancement
after contrast administration, marked peribursal edema,
a heterogeneous collection with debris, and gas in
soft tissues increases the likelihood of septic or
abscessed bursitis and should prompt urgent aspiration
and antibiotic management. However, overlaps are
frequent: chronic bursitis with hemorrhage or tophi (gout)
can show heterogeneous content and enhancement;
therefore, clinical correlation and microbiological/crystal
aspiration analysis remain the gold standard for
distinguishing etiologies'®.
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Figure 6. A-B: sagittal knee US in a 30-year-old man shows superficial prepatellar bursitis, characterized by well-defined anechoic fluid
collection in the prepatellar bursa (asterisks), highlighted in blue. C-D: sagittal proton density-weighted knee MRI with fat suppression shows
a marked hyperintense fluid signal distending the superficial prepatellar bursa (asterisks), highlighted in blue, consistent with superficial
prepatellar bursitis (“housemaid’s knee”).

US: ultrasound; MRI: magnetic resonance imaging.

size these lesions can reach. Progressive enlargement
can result in visible cosmetic deformity, leading to
Hemorrhagic bursitis is commonly post-traumatic, limited joint mobility and impaired quality of life™.
although it can also occur as a postsurgical compli- Its appearance on US is variable and typically cha-
cation'®2°. Hemorrhagic bursitis has been extensively racterized by predominantly heterogeneous and poorly
described in the literature, largely due to the significant defined echogenicity, usually without central vascularity

Hemorrhagic bursitis
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Figure 7. A, B, C, D: sagittal and axial proton density-weighted knee MRI with fat suppression in a 35-year-old man shows superficial infra-
patellar bursitis, characterized by fluid collection in the superficial infrapatellar bursa (asterisks). The bursa is highlighted in blue. This

condition is commonly referred to as “clergyman’s knee.”
MRI: magnetic resonance imaging.

on color Doppler imaging. In some cases, hemorrhagic
bursitis may show a more complex ultrasonographic
appearance, including internal septations, debris, or
calcifications, particularly in chronic or organized
stages'® (Figure 9). Unlike hematomas in other anatom-
ical regions, hemorrhagic bursae tend to become pre-
dominantly organized over time, often developing a
fibrous capsule and internal complexity. Several cases
requiring surgical management have been reported due

to their large size, persistent symptoms, or functional
compromise (Figure 10).

Postsurgical and/or iatrogenic bursitis

Patellar surgeries can affect the superficial prepatel-
lar bursa more than the infrapatellar bursa5; therefore,
cases of bursitis associated with these procedures
may be encountered (Figure 11). However, surgeries
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Figure 8. A: clinical photograph of the left knee in a 53-year-old man shows marked edema, erythema, and superficial skin abrasions
over the anterior aspect of the knee, suggestive of septic prepatellar bursitis, commonly caused by direct inoculation through skin disruption.
B: axial T1-weighted fat-suppressed post-contrast knee MRI shows a hypointense fluid collection in the superficial prepatellar bursa (asterisk)
with peripheral bursal wall enhancement and a hyperintense anterior subcutaneous edema. C: axial T1-weighted fat-suppressed post-contrast
knee MRI shows a hypointense fluid collection in the superficial prepatellar bursa (asterisk) with peripheral bursal wall enhancement and

hyperintense anterior subcutaneous edema.
MRI: magnetic resonance imaging; P: patella; QT: quadriceps tendon.

involving the patellar tendon may affect the superficial
infrapatellar bursa, making bursitis a potential compli-
cation of this type of intervention?.

DIFFERENTIAL DIAGNOSES

Various soft-tissue conditions of the anterior knee are
included in the differential diagnoses. Among these,
extensive soft tissue hematomas and Morel-Lavallée
hematomas are important considerations, as they can
mimic intrabursal collections. Therefore, the clinical his-
tory (such as trauma or metabolic disease) and char-
acterization by MRI or fluid analysis are essential'”?".
These lesions are often associated with previous
trauma and tend to occur in regions adjacent to the
superficial bursae of the anterior knee (Figures 12 A
and B). They result from shearing forces that separate

the subcutaneous tissue from the underlying fascia. Due
to their characteristic anatomical location, extent, and
distribution, differentiation from superficial prepatellar
bursitis on US and MRI is usually straightforward.

Injuries to adjacent supporting structures should also
be considered, including post-traumatic scarring and
thickening of the prepatellar ligament. These changes
are commonly observed after direct trauma and are
typically characterized by predominant posterior fibrotic
thickening. Both US and MRI are valuable in this set-
ting, with MRI providing crucial information for accurate
anatomical assessment and differential diagnosis
(Figures 12 C-F). High-energy motorcycle injuries are
a frequent cause of these types of injuries.

Soft-tissue masses such as lipomas can mimic bursal
pathology. Lipomas generally grow slowly with minimal
clinical symptoms. On US, they appear as solid lesions
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Figure 9. A-B: axial US views of the anterior knee in a 21-year-old woman show hemorrhagic bursitis with an organized hematoma within the
bursa (asterisks), highlighted in red. The lesion shows heterogeneous content and echogenic fragments consistent with debris or hemorrhage,
one of the most common ultrasonographic features of acute hemorrhagic bursitis. C-D: sagittal US images of the anterior knee in a 43-year-old
woman show hemorrhagic bursitis with an organized hematoma highlighted in red, containing internal calcifications highlighted in white (blue
arrowheads), findings suggestive of chronicity. In the absence of previous trauma, gout should be considered in the differential diagnosis.

US: ultrasound.

with absent or minimal Doppler vascularity. At the
same time, MRI shows distinctive signal intensity char-
acteristics, including high signal intensity on T1-weighted
images and signal suppression on fat-suppressed
sequences. Importantly, these lesions are located out-
side the normal bursal topography, facilitating differen-
tiation from true bursitis. Osgood-Schlatter disease
should also be included in the differential diagnosis,
particularly in cases of superficial infrapatellar bursitis,
especially in younger patients.

Postsurgical complications and less common entities
within the differential diagnosis, including tendon-related
abnormalities and soft-tissue tumors, should not be
overlooked. Other less frequent differential diagnoses
include tuberculosis, crystal deposition diseases such
as gout and calcium pyrophosphate deposition disease
(pseudogout), and systemic conditions including rheu-
matoid arthritis, systemic lupus erythematosus, and
uremia*23,

A high index of suspicion should be maintained for
osteomyelitis or intraosseous conditions in pediatric or
immunocompromised patients that initially present with
prepatellar swelling. MRI should be considered to eval-
uate bone involvement*.

TREATMENT OF BURSITIS

Imaging identifies the affected bursa and helps
determine the treatment plan. The treatment of aseptic
superficial prepatellar and superficial infrapatellar bursi-
tis is determined first by the underlying cause and, sec-
ondly, the pathological changes within the bursa®.
Management of acute bursitis includes PRICE therapy
(protection, rest, ice, compression, and elevation) and
non-steroidal anti-inflammatory drugs, which generally
provide an adequate response*. Patients with septic
superficial prepatellar bursitis are managed successfully
with non-surgical treatment, including rest, compression,
immobilization, aspiration, and antibiotics®.



J. Solis-Ugalde et al. Superficial prepatellar and infrapatellar bursitis

Figure 10. Clinical and intraoperative photographs of a 59-year-old man diagnosed with hemorrhagic superficial prepatellar bursitis. A: marked
anterior knee swelling (blue arrowheads). B: intraoperative exposure of a hemorrhagic prepatellar bursal lesion (blue arrowheads). C: surgical
specimen showing a large, organized hemorrhagic bursa (blue arrowheads). Post-traumatic hemorrhagic bursae are typically among the
largest. D: postoperative clinical appearance showing resolution of anterior knee swelling after surgical excision (blue arrowheads).

Surgery is not required in most cases; however,
when necessary — particularly in recurrent or treatment-
refractory cases — available medical procedures include
aspiration and intrabursal injection of an appropriate
agent, such as corticosteroids, platelet-rich plasma,
autologous blood, sclerosing solutions, and short-term
placement of a drainage catheter as a therapeutic
option. Excision of a chronically inflamed and thickened
bursa is uncommon for superficial prepatellar and
superficial infrapatellar bursae®32¢,

Collections with signs of suppuration or deep exten-
sion require aspiration, culture, and often systemic anti-
biotics. Persistent or recurrent, and massive or chronic
collections with fibrotic tissue may require bursectomy
(open or endoscopic). Open bursectomy carries a signif-
icant risk of morbidity of the surgical site, including poor
wound healing, decreased scar sensation, contracted
scarring, atrophic skin changes, accumulation of subcu-
taneous hematomas, and painful or hypersensitive scar-
ring?3. This risk is related to the delicate blood supply of
the prepatellar skin and the rich network of anastomoses

formed by the descending vertical branches of the ante-
rior divisions of the medial and lateral femoral cutaneous
nerves, the intermediate cutaneous nerve, and the infra-
patellar branch of the saphenous nerve®. Recent sys-
tematic reviews show that endoscopic bursectomy is
non-inferior to open bursectomy for prepatellar resection
in terms of recurrence and is associated with a shorter
hospital stay, supporting fewer invasive options when
intervention is necessary*%".

CONCLUSION

A wide range of pathologies can affect the superficial
prepatellar and superficial infrapatellar bursae. Advances
in contemporary imaging techniques, particularly high-
resolution US and MRI, have significantly improved diag-
nostic accuracy, enabling more precise characterization
of these conditions and facilitating optimal therapeutic
decisions. The pathology involving these bursae is wide-
ranging, and their anatomy is more complex than tradi-
tionally appreciated. Trauma predominates, encompassing
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Figure 11. A-B: lateral knee X-rays of a 17-year-old man show the patella with a surgical tendon anchor system and anterior soft-tissue
swelling, highlighted in brown. C-D: longitudinal US of the anterior knee shows postoperative soft-tissue edema and fluid collection in the
prepatellar bursa (asterisks). The patella is highlighted in brown with the surgical tendon anchor system. E-F: sagittal and axial proton density-
weighted knee MRI with fat suppression shows postoperative anterior soft-tissue edema, characterized by heterogeneous signal in the
prepatellar soft tissues with hyperintense fluid distension of the superficial prepatellar bursa. The patella is highlighted in brown. Findings
are consistent with postsurgical superficial prepatellar bursitis following a patellar procedure.

US: ultrasound; MRI: magnetic resonance imaging.
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Figure 12. A-B: axial proton density-weighted knee MRI with fat suppression in a 17-year-old man shows post-traumatic hematoma along the
medial aspect of the knee, located in soft tissue (asterisks) and highlighted in blue. No prepatellar bursa involvement is observed. C-D: lon-
gitudinal US view of the anterior knee shows post-traumatic fibrotic thickening of the prepatellar tendon, characterized by focal tendon
enlargement with a predominantly hypoechoic echotexture and changes in the normal fibrillar pattern (asterisks). The affected tendon seg-
ment is highlighted in dark brown. E-F: sagittal proton density-weighted knee MRI views with fat suppression show post-traumatic fibrotic
thickening of the prepatellar tendon (asterisks), characterized by tendon enlargement with predominantly low signal intensity and focal areas
of intermediate signal, without fiber discontinuity or hyperintense fluid signal suggesting tendon rupture. The affected tendon is highlighted
in dark brown.

MRI: magnetic resonance imaging; US: ultrasound; P: patella; QT: quadriceps tendon.
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low- and high-energy mechanisms. Accurate imaging
diagnosis and appropriate management depend on
identifying the underlying cause and understanding the
biological behavior of the bursae. US is the primary
imaging modality for puncture guidance, while MRI is
used for detailed evaluation of complications or complex
differential diagnoses.
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ABSTRACT

The Breast Imaging Reporting and Data System (BI-RADS) lexicon standardizes the interpretation and reporting of breast
findings to ensure clear, precise, and consistent communication between radiologists and referring physicians. Until its fifth
edition, the BI-RADS system covered only digital mammography (DM), ultrasound (US), and magnetic resonance imaging
(MRI). BI-RADS v2025 incorporates a specific lexicon for contrast-enhanced mammography (CEM), a technique that com-
bines mammography with intravenous iodinated contrast media to evaluate lesion vascularity. Greater contrast enhancement
improves the detection and characterization of suspicious lesions — especially in dense breasts - offering a faster, more
accessible alternative to MRI in certain clinical scenarios. Although BI-RADS provides descriptors, categories, and standar-
dized language for interpreting breast imaging findings, it lacks a structured reporting template for complete report writing.
Therefore, the implementation of proprietary or institutional formats is necessary to ensure document uniformity and quality.
In radiology, the use of structured templates significantly impacts the quality, efficiency, and safety of reports. They standar-
dize language and report structure, reduce variability among radiologists, and decrease the possibility of omitting relevant
findings. By following a predefined format, reports become more comprehensive and consistent, especially in frequent studies
or those requiring systematic evaluation of multiple structures. This technical note provides a template for creating a structu-
red and standardized report based on the BI-RADS v2025 lexicon to optimize diagnostic clarity, reproducibility of findings,
and appropriate decision-making. It consists of eighteen sections, that includes general information, clinical history, most
relevant previous studies, specific descriptors for abnormal findings, and the corresponding category and recommendations.

Keywords: Mammography. Contrast media. Diagnostic imaging. Computerized medical records systems. Breast Imaging
Reporting and Data System.

INTRODUCTION with high incidences in Sonora, Sinaloa, Tamaulipas,
Coahuila, Baja California, Nuevo Ledn, and Mexico

In Mexico, breast cancer is the most common malig- City2. While digital mammography (DM) is the gold
nant neoplasm in women, with an incidence of 30.6 standard for screening, factors such as high breast
cases per 100,000 women between the ages of 40 and  density (C and D categories) can reduce sensitivity as
69' and is the leading cause of cancer-related mortality low as 31.3%%. The implementation of new imaging
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techniques, such as contrast-enhanced magnetic res-
onance imaging (CE-MRI) and contrast-enhanced
mammography (CEM), helped increase the detection of
lesions in women with this dense breasts, with sensi-
tivity and specificity of 97% and 69% for CE-MRI and
95% and 78% for CEM, respectively*5. Although CE-MRI
has demonstrated greater sensitivity, factors such as
accessibility and cost have led to CEM being increas-
ingly used as an alternative for the detection and locore-
gional staging of breast cancer in women with dense
breasts®.

Since the Food and Drug Administration (FDA)
approval in 2011, the use of CEM has increased, utiliz-
ing iodinated contrast media that allow visualize hyper-
vascular areas resulting from tumor angiogenesis. It is
based on the acquisition of low-energy (LE), high-
energy (HE), and recombined (RC) images®. In 2022,
the American College of Radiology (ACR) released a
supplement to the ACR Breast Imaging Reporting and
Data System (BI-RADS) mammography 2013 guide-
lines, which included the first version of the BI-RADS
lexicon for CEM. In 2025, the section was formally
established with the release of the first version of the
chapter dedicated to CEM”.

The structured radiology template is a practical tool
to organizes information in a standardized, precise,
efficient, and clinically relevant way. These features
facilitate communication with referring physicians,
improving the quality, clarity, and clinical utility of data.
It also promotes the incorporation of quantitative mea-
surements, the appropriate use of common terminol-
ogy, and the reuse of information for research, quality
management, and artificial intelligence®. This technical
note introduces a structured, standardized template for
reporting CEM breast findings based on BI-RADS
v2025 lexicon.

THE IMPORTANCE OF STRUCTURED
REPORTING

Standardized and organized language must be used
to report breast findings. In radiology, reports are writ-
ten as free-text prose or in standardized, structured
formats that use templates®. Each format has its own
characteristics; however, the standardized structured
report stands out for its numerous advantages, includ-
ing clarity, reduced use of acronyms, jargon, and circu-
lar reasoning, the ability to express the level of available
evidence and the degree of accuracy and consistency
of the information provided, and improved communica-
tion between radiologists and attending physicians®.

A cross-sectional study in Mexico, including 71
(44.7%) radiologists and 88 (55.3%) attending physi-
cians from various specialties with active clinical prac-
tice, assessed their preference for prose or standardized
structured reports and identified the essential qualities
of a radiology report. The study concluded that 74.6%
of radiologists and 84.1% of attending physicians pre-
ferred the standardized structured report over a prose-
written report, regardless of age, specialty, or professional
experience. The most notable characteristics of this type
of report were organization, comprehensibility, concise-
ness, readability, descriptiveness, and focus on the clin-
ical context®.

A standardized structured report facilitates interdisci-
plinary communication by systematically including the
clinical indication, relevant findings, study quality, and
recommendations for patient management, contributing
to efficient and reliable decision-making®. Based on
BI-RADS v2025, we developed a standardized, struc-
tured CEM report template. This report serves as a
model that defines the minimum information and char-
acteristics that must be included.

CEM INDICATIONS AND PROTOCOL

CEM is a vascular-based breast imaging method that
uses iodinated contrast agents to depict angiogenesis.
It may be considered for patients with contraindications
to MRI. The main indications for CEM are asymptom-
atic screening, diagnostic work-up and diagnosis in
current breast cancer’. The FDA has not approved CEM
for screening; therefore, its use is off-label. This can be
justified in patients with elevated risk, dense breasts,
prior breast cancer with completed treatment, and
cases where relevant history includes gene mutations,
estimated cancer risk, or prior breast cancer.

For diagnostic work-up, CEM is indicated in patients
with imaging findings or, follow-up in BI-RADS category
3, after biopsy, or for breast implant assessment. The
clinical and imaging findings in these patients should
be reported. If the indication is breast cancer diagnosis,
CEM may be used to assess the extent of disease
before treatment, and to evaluate response during or
after neoadjuvant therapy. Before this examination, it is
important to know the location and size of the malignant
lesion on a previous imaging examination’.

To perform CEM, informed consent must first be
obtained. Antecubital venous access is established
(preferably with a 20-gauge needle), and a non-ionic
low-osmolar iodinated contrast agent (300-370 mg/mL)
is administered at 1.5 mL/kg and a flow rate of 3 mL/s
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with a power injector, followed by a 10 mL saline
bolus'®'™. Two minutes after administration, standard
bilateral craniocaudal (CC) and mediolateral oblique
(MLO) views are obtained using dual-energy imaging,
acquiring LE (28-32 keV) and HE (> 33.2 keV) images,
which are recombined to suppress normal breast tissue
and enhance lesion conspicuity''2. HE imaging reveals
contrast agent uptake, but it is non-interpretable.
Additional views may be obtained as needed, within a
maximum of 10 minutes after completion of the contrast
injection and before contrast washout'. The injection
site must be checked for any signs of contrast extrav-
asation, which occurs in 0.1% to 1.2% of patients'.

STANDARDIZED STRUCTURED TEMPLATE
COMPONENTS FOR BREAST CEM REPORT

The standardized structured template, based on
BI-RADS terminology and descriptors established by
the ACR BI-RADS system’ is organized into sections
for systematic recording of clinical and radiological
information obtained from the patient (Table 1 and
Supplementary Table 1). The format begins with gen-
eral information (date, time, and location of the study),
followed by the patient’s name, sex, age, weight, and
referring physician. The first section includes the full
name of the study to be performed. The second section
specifies the indication: screening (indicating if the
patient has a higher-than-average risk and the reason
for the increased risk), diagnosis in patients under follow-
up, in those with a finding or history of breast cancer
under follow-up, or in those with histopathologic confir-
mation of breast cancer, to evaluate the extent of the
disease or the response to neoadjuvant chemotherapy.

The third section details the patient’s medical history,
including a personal history with histopathology results,
time frame, genetic studies, and/or family history of can-
cer. The fourth section includes relevant information
from previous imaging examinations, specifying the date
and type (DM, US, CEM, CE-MRI), and whether images
and reports are available. If this is the patient’s first CEM
examination, it is described as a “baseline exam.”

The fifth section describes the technique and proto-
col: laterality and projections acquired must be indicated,
mentioning if projections other than the conventional CC
and MLO were obtained, and the name of the contrast
medium used, the dose (mmol/kg) and volume (cc).
It is essential to include complications and reactions,
and to describe in detail the symptoms and medical
management during the CEM examination.

The sixth section should indicate the artifacts identi-
fied. The BI-RADS manual does not describe each of
these in detail. Since they can reduce the quality of the
CEM examination and lead to interpretation errors, they
must be mentioned. Common artifacts, described by
Jochelson et al.b and Lorente-Ramos et al.'®, are
grouped into three categories:

- Related to the contrast medium: splatter of contrast
material on the skin, detector, or compression padd-
les, which can simulate lesions or calcifications. The
technician injecting the contrast agent should not be
the person who positions the patient and should wear
gloves, removing them before positioning the patient.
Another preventive measure is to clean the breasts
and the detector before image acquisition®'3. Another
artifact is the transient retention of contrast material
in veins, which may persist due to early breast com-
pression; this usually resolves spontaneously. The
distribution and morphology of these findings should
be considered to determine if they are trug®1s,

- Related to the technique: air trapped in skin folds or
scars due to improper contact can produce black li-
nes in the image®'3; the halo artifact (also known as
rim, breast-in-breast, or scattered radiation), when
uneven thickness of breast tissue and skin produces
different radiation scattering, can result in a double-
breast contour; negative enhancement (the eclipse
or crescent sign) produced by cysts, calcifications,
and hematomas appears darker than the surrounding
tissue; misregistration artifact is caused by patient
movement with metal or calcium; when the paddles
are the incorrect size, the axillary line becomes visi-
ble, causing horizontal lines to appear. Other arti-
facts, such as aborted acquisition, miscalibration,
and ghosting, can be resolved through equipment
calibration and new image acquisition®3.

- Related to the patient: movement during the acqui-
sition of LE and HE images results in a mild RC
mismatch with fine black-and-white lines or breast
margin loss, potentially obscuring findings (ripple
artifact)®'3. To avoid this, the technician should ins-
truct the patient to hold their breath and maximize
compression. Superimposed structures, such as the
skin, anatomical features (breast, hair, shoulder, chin,
nose, ear, clothing, or antiperspirant, can simulate
calcifications. These must be recognized and a new
projection acquired with the artifact out of the beam’s
path. Other artifacts include breast implants and car-
diac devices®'3.
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Table 1. Standardized structured breast CEM report template based on BI-RADS v2025’

Description

Patient information

Study date, time, and location:

Patient name:

Sex (woman/man):

Age (years):

Weight (kg):

Referring physician:

1. Requested imaging examination.

N

. Indication: screening, diagnostic work-up, or current breast cancer.

w

. Medical history: family and/or personal history of breast cancer, with
emphasis on genetic mutations and histopathology report.

S

. Comparison to previous examinations: specify if this is a “baseline
exam,” including dates and types of previous studies, and whether
comparison is based on the report or images.

ol

. Examination technique: indicate laterality (right, left, bilateral), views (CC,
MLO), name of contrast agent, dosage (mmol/kg), volume (in cc), and
presence or absence of complications or contrast reaction.

[=2]

. Artifacts that may affect interpretation:
- Contrast agent-related artifacts: contamination and/or transient
retention of contrast material in veins.
- Patient-related artifacts: ripple, breast implants, cardiac devices, and/
or superimposed structures.
- Technical artifacts: air trapping, skin-line, axillary line, halo, ghosting,
misregistration, miscalibration, and/or aborted acquisition.

~

. General description of breast composition:

- Breast density: (A) almost entirely fatty, (B) scattered areas of fibroglandular
density, (C) heterogeneously dense, which may obscure small masses, (D)
extremely dense, which lowers the sensitivity of mammography.

- Background parenchymal enhancement: level (minimal, mild,
moderate, or marked) and symmetry (symmetric or asymmetric).

[==]

. Description of findings on LE images only: based on the BI-RADS lexicon
for digital mammography:

- Masses: shape (oval, lobulated, round, or irregular), margin
(circumscribed, obscured, indistinct, or spiculated), and density
(fat-containing, low, equal, or high density).

Calcifications: typically, benign (skin, vascular, coarse, large rod-like,
round, rim, layering, suture), suspicious morphology (amorphous, coarse,
heterogeneous, fine pleomorphic, fine linear, or fine linear-branching),
and distribution (diffuse, regional, grouped, linear, segmental).

- Architectural distortion.

Asymmetries: global asymmetry, asymmetry, and/or focal asymmetry
Lymph nodes: intramammary and/or axillary.

Skin lesions.

Dilated ducts: multiple or solitary.

Associated features: skin retraction, nipple retraction, skin thickening,
and/or trabecular thickening.

Special cases: gynecomastia, implants, other forms of augmentation,
and/or mastectomy.

9. Description of findings on RC images only:

- Mass enhancement: shape (oval, lobulated, round, or irregular), margin
(circumscribed or non-circumscribed: indistinct or spiculated), internal
enhancement pattern (homogeneous, heterogeneous, or rim).

- Non-mass enhancement: distribution (diffuse, regional, focal, linear, or
segmental), internal enhancement pattern (homogeneous,
heterogeneous, or clumped).

- Enhancing asymmetry: internal enhancement pattern (homogeneous or
heterogeneous).

(Continued)
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Table 1. Standardized structured breast CEM report template based on BI-RADS v2025 (continuation)

Description Patient information

10. Description of findings on LE images with associated enhancement on

RC images:

- LE findings: as detailed in section 8.

- Internal enhancement pattern: as detailed in section 9.

- Extent of enhancement: mammographic lesion partially enhances,
completely enhances, enhancement extends beyond the
mammographic lesion, or no enhancement of the mammographic
lesion but enhancement in adjacent tissue.

11. Lesion conspicuity: describe the degree of BPE as low, moderate, or
high.

12. Associated features: nipple retraction, nipple involvement, skin
retraction, skin thickening, skin involvement, and axillary adenopathy.

13. Location of the suspicious finding: side, clock-face and/or quadrant,
and depth (anterior, middle, or posterior third and/or distance from
nipple in cm).

14. Additional imaging: perform a targeted US and describe findings
according to the BI-RADS lexicon (preferably report both CEM and US
if done on the same day), including elasticity assessment by one of the
two methods:

- E/B ratio: < 1 = benign, and > 1 = suspicious for malignancy.

- 5-point color scale: 1 = soft throughout, 2 = mixed soft and hard, 3 =
hard but smaller on elastography than B-mode, 4 = hard and equal in
size on elastography and B-mode, 5 = hard and larger on
elastography than B-mode.

15. Conclusion: summarizes the main findings.

16. BI-RADS: assessment categories and likelihood of cancer based on

findings.

- Category 0: incomplete: need additional imaging evaluation or need
prior mammograms for comparison (N/A).

- Category 1: negative (essentially 0% likelihood of malignancy).

- Category 2: benign (essentially 0% likelihood of malignancy).

- Category 3: probably benign (> 0% but < 2% likelihood of malignancy).

- Category 4: suspicious (> 2% but < 95% likelihood of malignancy).

- Category 5: highly suggestive of malignancy (> 95% likelihood of
malignancy).

- Category 6: known biopsy-proven malignancy (N/A).

17. Management recommendations:

- Category 0: recall for additional imaging or need for comparison of
prior examination(s).

- Category 1: routine annual mammography.

- Category 2: routine annual mammography.

- Category 3: short interval (6-month) follow-up or continued
surveillance (12-month).

- Category 4: tissue diagnosis.

- Category 5: tissue diagnosis.

- Category 6: clinical follow-up with a surgeon and/or oncologist,
and definitive local therapy (usually surgery) when clinically
appropriate.

18. Credentials of the radiologist who interpreted the CEM.

CEM: contrast-enhanced mammography; BI-RADS: Breast Imaging Reporting and Data System; CC: craniocaudal, MLO: mediolateral
oblique; LE: low energy; RC: recombined; BPE: background parenchymal enhancement; E/B: elastography to B mode length; N/A: not
available; US: ultrasound.

The seventh section describes breast composition. fatty, (B) there are scattered areas of fibroglandular
According to the BI-RADS lexicon, breast density is density, (C) the breasts are heterogeneously dense,
classified as follows: (A) the breasts are almost entirely ~ which may obscure small masses, and (D) the breasts
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Table 2. Example of a standardized structured CEM report template based on BI-RADS v2025 for a benign case (Figure 1)

Description

Patient information

Study date, time, and location:

December 15, 2025. Tampico, Tamaulipas.

Patient’s name: SRSC.
Sex (woman/man): Woman.
Age (years): 45,
Weight (kg): 80.

Referring physician:

To whom it may concern.

1

. Requested imaging examination.

Contrast-enhanced mammography.

N

. Indication: screening, diagnostic work-up, or current breast cancer.

Screening.

w

. Medical history: family and/or personal history of breast cancer, with

emphasis on genetic mutations, and histopathology report.

No relevant family or personal history.

S

. Comparison to previous examinations: a “baseline exam” may be

specified, including the dates and type of previous studies, and
whether it is based on the report or the images.

Comparison is made with reports of previous studies
(mammography and ultrasound) from June 2023, which
concluded dense breasts (D) and bilateral simple cysts,
BI-RADS 2; as well as studies from May 2024 that
concluded dense breasts (D), bilateral simple cysts, and
multiple bilateral hyperdense masses, BI-RADS 0.

o1

. Examination technique: indicate the laterality (right, left, bilateral) and

views (CC, MLO), name of the contrast agent, dosage (mmol/kg), and
volume (cc), and the presence or absence of complications or contrast
reaction.

Bilateral CEM with CC and MLO projections.
Administration of non-ionic water-soluble contrast agent
(omnipaque 300 mg/mL), 1.5 mL/kg, 120 cc.

No adverse events after contrast agent administration.

o

. Artifacts that may affect interpretation:

- Contrast agent-related artifacts: contamination and/or transient
retention of contrast material in veins.

- Patient-related artifacts: ripple, breast implants, cardiac devices,
and/or superimposed structures.

- Technical artifacts: air trapping, skin-line, axillary line, halo, ghosting,
misregistration, miscalibration, and/or aborted acquisition.

Bilateral halo artifact observed in both CC and MLO views,
bilateral air trapping in MLO.

~

. General description of breast composition:

- Breast density: (A) the breasts are almost entirely fatty, (B) there are
scattered areas of fibroglandular density, (C) the breasts are
heterogeneously dense, which may obscure small masses, (D) the
breasts are extremely dense, which reduces mammography
sensitivity.

- Background parenchymal enhancement: level (minimal, mild,
moderate, or marked), and symmetry (symmetric or asymmetric).

The breast composition is extremely dense (D).
Moderate and symmetric background parenchymal
enhancement.

(==

. Description of findings on LE images only: based on the BI-RADS

lexicon for digital mammography:

- Masses: shape (oval, lobulated, round, or irregular), margin
(circumscribed, obscured, indistinct, or spiculated), and density
(fat-containing, low density, equal density, high density).
Calcifications: typically, benign (skin, vascular, coarse, large rod-like,
round, rim, layering, suture), suspicious morphology (amorphous,
coarse, heterogeneous, fine pleomorphic, fine linear, or fine
linear-branching), and distribution (diffuse, regional, grouped, linear,
segmental).

Architectural distortion.

Asymmetries: global asymmetry, asymmetry, and/or focal asymmetry.
Lymph nodes: intramammary, and/or axillary.

Skin lesions.

Dilated ducts: multiple or solitary.

Associated features: skin retraction, nipple retraction, skin
thickening, and/or trabecular thickening.

Special cases: gynecomastia, implants, other forms of augmentation,
and/or mastectomy.

See section 9.

(Continued)
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Table 2. Example of a standardized structured CEM report template based on BI-RADS v2025 for a benign case (Figure 1) (continuation)

Description

Patient information

9.

Description of findings on RC images only:

- Mass enhancement: shape (oval, lobulated, round, or irregular),
margin (circumscribed, or non-circumscribed: indistinct, or
spiculated), internal enhancement pattern (homogeneous,
heterogeneous, or rim).

- Non-mass enhancement: distribution (diffuse, regional, focal, linear,

or segmental), internal enhancement pattern (homogeneous,

heterogeneous, or clumped).

Enhancing asymmetry: internal enhancement pattern (homogeneous

or heterogeneous).

An oval, circumscribed, equal density mass is observed,
presenting homogeneous internal enhancement.

10.

Description of findings on LE images with associated enhancement on

RC images:

- LE findings: as detailed in section 8.

- Internal enhancement pattern: as detailed in section 9.

- Extent of enhancement: mammographic lesion partially enhances,
mammographic lesion completely enhances, enhancement extends
beyond mammographic lesion, or no enhancement of the
mammographic lesion but enhancement in adjacent tissue.

See section 9.

1.

Lesion conspicuity: describe the degree of BPE as low, moderate, or high.

Moderate lesion conspicuity.

12.

Associated features: nipple retraction, nipple involvement, skin
retraction, skin thickening, skin involvement, and axillary adenopathy.

None.

13.

Location of finding: side, clock-face and/or quadrant, and depth
(anterior, middle, or posterior third and/or distance from nipple in cm).

Right breast, lower quadrants interline, middle third, 2 cm
from the nipple.

14.

Additional imaging: perform a targeted US and describe the findings
according to the BI-RADS lexicon (it is preferable to report both the
CEM and the ultrasound if performed on the same day), including
elasticity assessment by one of the two methods:
- E/B ratio: < 1 = benign; and > 1 = suspicious for malignancy.
- 5-point color scale: 1 = soft throughout, 2 = mixed soft and hard,
3 = hard but smaller on elastography than B-mode, 4 = hard and
equal in size on elastography and B-mode, 5 = hard and larger on
elastography than B-mode.

Using GE LOGIQ E9 equipment, an oval, parallel, lobulated,
hypoechoic mass without vascularity on color Doppler is
observed, measuring 9 x 5 x 6 mm, located at

6 o’clock, 2 cm from the nipple of the right breast.
Elastogram shows intermediate stiffness, with a 5-point
color scale score of 2 (mixed soft and hard).

15.

Conclusion: summarizes the main findings of the examination

Hyperenhancing mass in the right breast.

16.

BI-RADS: assessment categories and likelihood of cancer based on

findings.

- Category 0: incomplete: need additional imaging evaluation or need
prior mammograms for comparison (N/A).

- Category 1: negative (essentially 0% likelihood of malignancy).

- Category 2: benign (essentially 0% likelihood of malignancy).

- Category 3: probably benign (> 0% but < 2% likelihood of malignancy).

- Category 4: suspicious (> 2% but < 95% likelihood of malignancy).

- Category 5: highly suggestive of malignancy (> 95% likelihood of
malignancy).

- Category 6: known biopsy-proven malignancy (N/A).

Category BI-RADS 3: probably benign (> 0% but < 2%
likelihood of malignancy).

17.

Management recommendations:

- Category 0: recall for additional imaging/ need comparison of prior
examination(s).

- Category 1: routine annual mammography.

- Category 2: routine annual mammography.

- Category 3: short interval (6-month) follow-up or continued
surveillance (12-month).

- Category 4: tissue diagnosis.

- Category 5: tissue diagnosis.

- Category 6: clinical follow-up with surgeon and/or oncologist, and
definitive local therapy (usually surgery) when clinically appropriate.

Short interval (6-month) follow-up is recommended.

18.

Credentials of the radiologist who interpreted the CEM

CEM: contrast-enhanced mammography; BI-RADS: Breast Imaging Reporting and Data System; CC: craniocaudal; MLO: mediolateral oblique;
LE: low energy; RC: recombined; BPE: background parenchymal enhancement; E/B: elastography to B-mode length. N/A: not available;

us:

ultrasound.
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are extremely dense, which lowers DM sensitivity.
Subsequently, background parenchymal enhancement
(BPE) is described according to the level — minimal,
mild, moderate, or marked — and whether it is symmet-
ric or asymmetric.

The eighth section describes LE image findings using
the BI-RADS lexicon for DM. For masses, describe the
shape (oval, lobulated, round, or irregular), margin (cir-
cumscribed, obscured, indistinct, or spiculated), and
density (fat-containing, low density, equal density, or
high density). For calcifications, classify them as typi-
cally benign (skin, vascular, coarse, large rod-like,
round, rim, layering, or suture) or as having suspicious
morphology (amorphous, coarse heterogeneous, fine
pleomorphic, or fine linear/fine linear-branching). In
both cases, indicate the distribution pattern (diffuse,
regional, grouped, linear, or segmental). Also, architec-
tural distortion and asymmetries, such as dilated ducts
(multiple or solitary), are described. Special cases,
such as gynecomastia, implants, other forms of aug-
mentation, or mastectomy, must be included. The size
and location of the finding, specifying laterality, quad-
rant, and/or clock face, depth, and/or distance from the
nipple, should be mentioned.

The ninth section describes only RC image findings.
It includes mass (shape, margin, internal enhancement
pattern), non-mass enhancement (distribution, internal
enhancement pattern), and enhancing asymmetry (inter-
nal enhancement pattern). The tenth section describes
LE image findings with associated RC image enhance-
ment. It requires a detailed description of morphology
(oval, lobulated, round, or irregular), internal enhance-
ment patterns (homogeneous, heterogeneous, or rim),
and the extent of enhancement (mammographic lesion
partially enhances, mammographic lesion completely
enhances, enhancement extends beyond the mam-
mographic lesion or no enhancement of the mam-
mographic lesion but enhancement in adjacent tissue).

The eleventh section provides a subjective descrip-
tion of the degree of enhancement of the lesion com-
pared to normal BPE: low, moderate, or high. If the
lesion has enhancement similar to or slightly greater
than the BPE, it is classified as low; if the enhancement
is much greater than the BPE, it is classified as high; and
if the enhancement falls between low and high, it is clas-
sified as moderate. The twelfth section describes associ-
ated features: retraction, involvement, or thickening of the
skin and nipple. Axillary adenopathies are included.

The thirteenth section describes the location of sus-
picious malignant findings: laterality (right, left, or both)

and the clock-face or quadrant. Lesion depth is indicated
using thirds (anterior, middle, or posterior) along with the
distance from the nipple in centimeters.

Section fourteen describes, if it is possible to per-
form, a targeted ultrasound (US) for CEM findings using
BI-RADS v2025 descriptors for US’. Elastography is
included in the lexicon because it is available on many
US units. The descriptors for elasticity assessment are
categorized as soft, intermediate, or hard. Two methods
for stiffness assessment are recommended: the elas-
tography-to-B-mode length (E/B) ratio and the 5-point
color scale (elasticity score). For the E/B ratio, a value
under 1 is associated with benign findings, while a ratio
of 1 or higher is suspicious for malignancy. For the
5-point color scale, the assessment is as follows: 1 =
soft throughout; 2 = mixed soft and hard; 3 = hard but
smaller on elastography than on B-mode; 4 = hard and
equal in size on elastography and B-mode; 5 = hard
and larger on elastography than on B-mode. A score
of 3 or lower on the 5-point color scale is more com-
monly associated with benign findings, while a score of
4 or 5 is considered suspicious for malignancy. For the
strain ratio (lesion-to-fat ratio), a region of interest (ROI)
is compared with subcutaneous fat. BI-RADS v2025
does not include formal recommendations for reporting
strain elastography, which evaluates tissue stiffness
based on how much a lesion can be compressed, or
shear wave elastography, which measures the speed
at which acoustically generated shear waves travel
through tissue. Their cutoff values are not standardized
and can vary by vendor or be configured by the user’.

The fifteenth section is the conclusion, where rele-
vant information from each CEM is summarized and
ordered from most to least important. The sixteenth
section describes the BI-RADS category based on the
most relevant finding, benign or malignant, with assess-
ment categories and likelihood of cancer: Category 0:
incomplete; Category 1: negative; Category 2: benign;
Category 3: probably benign; Category 4: suspicious;
Category 5: highly suggestive of malignancy; and
Category 6: known biopsy-proven malignancy’.

The seventeenth section contains management rec-
ommendations based on the assigned BI-RADS cate-
gory: Category 0: recall for additional imaging or need
comparison to prior examinations; Category 1: routine
annual mammography; Category 2: routine annual mam-
mography; Category 3: short-interval (6-month) follow-up
or continued surveillance (12-month); Category 4: tissue
diagnosis; Category 5: tissue diagnosis; Category 6: clin-
ical follow-up with a surgeon and/or oncologist, and
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Table 3. Example of a standardized structured CEM report template based on BI-RADS v2025 for a malignant case (Figure 2)

Description

Patient information

Study date, time, and location:

December 18, 2025. Tampico, Tamaulipas.

Patient name: MAPG.
Sex (woman/man): Woman.
Age (years): 72.
Weight (kg): 65.

Referring physician:

To whom it may concern.

1.

Requested imaging examination.

Contrast-enhanced mammography.

N

. Indication: screening, diagnostic work-up, or current breast cancer.

Diagnostic.

w

. Medical history: family and/or personal history of breast cancer, with

emphasis on genetic mutations, and histopathology report.

No relevant family or personal history.

S

. Comparison to previous examinations: a “baseline exam” may be

specified, including the dates and type of previous studies, and
whether it is based on the report or the images.

Based on a report of a previous mammogram performed at
another institution in October 2025, a focal asymmetry with
thick, heterogeneous, and segmental calcifications was
identified in the left breast, categorized as BI-RADS 4B.

o1

. Examination technique: indicate the laterality (right, left, bilateral) and

views (CC, MLO), name of the contrast agent, dose (mmol/kg), volume
(cc), and the presence or absence of complications/contrast reaction.

Bilateral CEM with CC and MLO projections.
Administration of non-ionic water-soluble contrast agent
(Omnipaque 300 mg I/mL), 1.5 ml/kg, 97 cc.

No adverse events were reported during or after contrast
agent administration.

[=2]

. Artifacts that may affect interpretation:

- Contrast agent-related artifacts: contamination and/or transient
retention of contrast material in veins.

- Patient-related artifacts: ripple, breast implants, cardiac devices,
and/or superimposed structures.

- Technical artifacts: air trapping, skin-line, axillary line, halo, ghosting,
misregistration, miscalibration, and/or aborted acquisition.

Air trapping and halo artifact are observed in both breasts,
with a misregistration artifact due to calcifications in the
left breast seen in CC and MLO views.

. General description of breast composition:

Breast density: (A) the breasts are almost entirely fatty, (B) there are
scattered areas of fibroglandular density, (C) the breasts are
heterogeneously dense, which may obscure small masses, (D) the
breasts are extremely dense, which reduces mammography
sensitivity.

Background parenchymal enhancement: level (minimal, mild,
moderate, or marked), and symmetry (symmetric or asymmetric).

The breast composition shows scattered areas of
fibroglandular density (B).

Minimal and symmetric background parenchymal
enhancement.

[==]

. Description of findings on LE images only: based on the BI-RADS

lexicon for digital mammography:

- Masses: shape (oval, lobulated, round, or irregular), margin
(circumscribed, obscured, indistinct, or spiculated), and density
(fat-containing, low density, equal density, high density).
Calcifications: typically, benign (skin, vascular, coarse, large rod-like,
round, rim, layering, suture), suspicious morphology (amorphous,
coarse, heterogeneous, fine pleomorphic, fine linear, or fine
linear-branching), and distribution (diffuse, regional, grouped, linear,
segmental).

Architectural distortion.

Asymmetries: global asymmetry, asymmetry, and/or focal asymmetry.
Lymph nodes: intramammary and/or axillary.

Skin lesions.

Dilated ducts: multiple or solitary.

Associated features: skin retraction, nipple retraction, skin
thickening, and/or trabecular thickening.

Special cases: gynecomastia, implants, other forms of augmentation,
and/or mastectomy.

See section 10.

(Continued)
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Table 3. Example of a standardized structured CEM report template based on BI-RADS v2025’ for a malignant case (Figure 2) (continuation)

Description

Patient information

9. Description of findings on RC images only:

- Mass enhancement: shape (oval, lobulated, round, or irregular),
margin (circumscribed, or non-circumscribed: indistinct, or
spiculated), internal enhancement pattern (homogeneous,
heterogeneous, or rim).

- Non-mass enhancement: distribution (diffuse, regional, focal, linear,
or segmental), internal enhancement pattern (homogeneous,
heterogeneous, or clumped).

Enhancing asymmetry: internal enhancement pattern (homogeneous
or heterogeneous).

See section 10.

10. Description of findings on LE images with associated enhancement on

RC images:

- LE findings: as detailed in section 8.

- Internal enhancement pattern: as detailed in section 9.

- Extent of enhancement: the mammographic lesion partially enhances,
mammographic lesion completely enhances, enhancement extends
beyond mammographic lesion, or no enhancement of the
mammographic lesion but enhancement in adjacent tissue.

In LE images, asymmetry is observed in the CC projection,
associated with round and linear segmental calcifications.

In the RC images, at the site of the asymmetry observed in
the LE image, a non-mass enhancement is noted,
characterized by a segmental distribution and a clumped
internal enhancement pattern.

11. Lesion conspicuity: describe the degree of BPE as low, moderate, or
high.

Moderate lesion conspicuity.

12. Associated features: nipple retraction, nipple involvement, skin
retraction, skin thickening, skin involvement, and axillary adenopathy.

None.

13.Location of finding: side, clock-face and/or quadrant, and depth
(anterior, middle, or posterior third and/or distance from nipple in cm).

Left breast, outer upper quadrant, anterior third, 4 cm from
the nipple.

14. Additional imaging: perform a targeted US and describe findings
according to the BI-RADS lexicon (preferably report both CEM and US
if done on the same day), including elasticity assessment by one of
the two methods:

- E/B ratio: < 1= benign; and > 1 = suspicious for malignancy.

- 5-point color scale: 1 = soft throughout, 2 = mixed soft and hard,
3 = hard but smaller on elastography than B-mode, 4 = hard and
equal in size on elastography and B-mode, 5 = hard and larger on
elastography than B-mode.

Using GE LOGIQ E9 equipment a non-mass lesion with
calcifications, posterior shadowing, and internal
vascularity on color Doppler is observed, measuring 21 x
21 mm, located in the outer upper quadrant of the left
breast. Elastogram shows a hard pattern; the 5-point color
scale score is 5 (hard and larger on elastography than
B-mode).

15.Conclusion: summarizes the main findings of the examination.

Asymmetry associated with non-mass enhancement with
round and linear segmental calcifications in the outer
upper quadrant of the left breast.

16.BI-RADS: assessment categories and likelihood of cancer based on

findings.

- Category 0: incomplete: need additional imaging evaluation or need
prior mammograms for comparison (N/A).

- Category 1: negative (essentially 0% likelihood of malignancy).

- Category 2: benign (essentially 0% likelihood of malignancy).

- Category 3: probably benign (> 0% but < 2% likelihood of malignancy).

- Category 4: suspicious (> 2% but < 95% likelihood of malignancy).

- Category 5: highly suggestive of malignancy (> 95% likelihood of
malignancy).

- Category 6: known biopsy-proven malignancy (N/A).

Category BI-RADS 4: suspicious (> 2% but < 95% likelihood
of malignancy).

17.Management recommendations:
- Category 0: recall for additional imaging/ need comparison of prior
examination(s).
Category 1: routine annual mammography.
Category 2: routine annual mammography.
- Category 3: short interval (6-month) follow-up or continued
surveillance (12-month).
Category 4: tissue diagnosis.
Category 5: tissue diagnosis.
Category 6: clinical follow-up with surgeon and/or oncologist, and
definitive local therapy (usually surgery) when clinically appropriate.

Tissue diagnosis is recommended.

18.Credentials of the radiologist who interpreted the CEM.

CEM: contrast-enhanced mammography; BI-RADS: Breast Imaging Reporting and Data System; CC: craniocaudal; MLO: mediolateral oblique;
LE: low energy; RC: recombined; BPE: background parenchymal enhancement; E/B: elastography to B-mode length; N/A: not available;

US: ultrasound.
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MAMA DERECHA — MAMA DERECHA

MAMA DERECHA

Figure 1. CEM of a 45-year-old asymptomatic woman who underwent screening due to high breast density. A hyperenhancing mass was found in the right
breast, resulting in a BI-RADS category 3. A-B: CC and MLO LE views show an extremely dense breast (D), with no abnormalities. C-D: CC and MLO RC views
show bilateral halo artifact (white arrowhead) and air trapping (yellow arrowhead), with moderate and symmetric background parenchymal enhancement.
An oval, circumscribed, equal-density mass is observed, presenting homogeneous internal enhancement, and moderate lesion conspicuity, located in the
right breast, lower quadrants interline, middle third, 2 cm from the nipple (white dotted circle). E-F: grayscale US shows an oval, parallel, lobulated, hypoechoic
mass, without vascularity on color Doppler, measuring 9 x 5 x 6 mm, located at 6 o'clock, 2 cm from the nipple of the right breast. G: elastogram shows in-
termediate stiffness, with a 5-point color scale score of 2 (mixed soft and hard). BI-RADS category 3: probably benign. An US-guided biopsy was performed
at the request of the attending physician. H: histopathologic panoramic view (H&E, 4x) of a fibroepithelial lesion with predominance of the mesenchymal
component, consisting of fibroblasts and abundant extracellular matrix. I: at higher magnification (H&E, 40x), the epithelial component appears compressed
and displaced by the fibrous stroma, lined with columnar cells without evident cytological atypia. The histopathologic diagnosis was fibroadenoma.

CEM: contrast-enhanced mammography; CC: craniocaudal; MLO: mediolateral oblique; LE: low energy; RC: recombined; US: ultrasound; BI-RADS: Breast Imaging
Reporting and Data System; H&E: hematoxylin and eosin.
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Figure 2. A 72-year-old woman who underwent diagnostic evaluation based on a previous mammography and US with a BI-RADS 4B category. A-B: CC and
MLO LE views show breast tissue with scattered areas of fibroglandular density (B). Asymmetry is observed in the outer upper quadrants of the left breast,
associated with round and linear segmental calcifications (yellow dotted triangle). C-D: CC and MLO RC views reveal bilateral air trapping (yellow arrowhead)
and halo artifacts (white arrowhead), with minimal and symmetric background parenchymal enhancement. There is non-mass enhancement associated
with calcifications (misregistration artifact) in a segmental distribution, and a clumped internal enhancement pattern with moderate lesion conspicuity,
located in the left breast, outer upper quadrant, anterior third, 4 cm from the nipple (white dotted circle), corresponding to the asymmetry described in LE.
E: targeted US using a GE LOGIQ E9 shows a non-mass lesion with calcifications and posterior shadowing (white arrowhead), measuring 21 x 21 mm, located
in the outer upper quadrant of the left breast. F: color Doppler US shows vascularity within the non-mass lesion. G: elastogram shows a hard pattern; the
5-point color scale score is 5 (hard and larger on elastography than B-mode). Assessment category BI-RADS 4: suspicious. US-guided biopsy was performed.
H: panoramic histopathology view (H&E 4x) shows glandular proliferation with a cribriform and papillary growth pattern, with no evidence of basement
membrane rupture. I: at higher magnification (H&E 40x), the glands are lined by columnar epithelium with nuclear pleomorphism; elongated and hyperchro-
matic nuclei are observed, with the basement membrane remains intact. The histopathologic diagnosis was ductal carcinoma in situ.

CEM: contrast-enhanced mammography; CC: craniocaudal; MLO: mediolateral oblique; LE: low energy; RC: recombined; US: ultrasound; BI-RADS: Breast Imaging
Reporting and Data System; H&E: hematoxylin and eosin.
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definitive local therapy (usually surgery) when clinically
appropriate’. The eighteenth section, which concludes
the report, includes the radiologist’s information: name,
professional license number, and signature.

Table 2 presents a template example for reporting
CEM examination of a benign clinical case involving
a 45-year-old asymptomatic woman who underwent
screening due to high breast density (D). A hyperen-
hancing mass was found in the right breast, BI-RADS
category 3 (Figure 1). A US-guided biopsy was per-
formed at the physician’s request. The histopathologic
diagnosis was benign fibroadenoma.

Table 3 presents a template example with the descrip-
tion of the structured and standardized CEM report of
a malignant clinical case involving a 72-year-old woman
who underwent diagnostic evaluation based on a pre-
vious mammography and US with BI-RADS category
4B (Figure 2). Asymmetry associated with non-mass
enhancement and round and linear segmental calcifi-
cations was found in the left breast. US-guided biopsy
was performed. The histopathologic diagnosis was
ductal carcinoma in situ.

CONCLUSION

Based on the BI-RADS v2025 update, this technical
note presents a structured template for standardized,
systematic CEM reporting. The use of templates signifi-
cantly impacts radiology and other medical specialties
by changing how patients’ clinical data are documented,
communicated, and analyzed. However, excessive and
mechanical use of templates should be avoided, as it
can limit individual judgment, reduce the medical nar-
rative, or generate repetitive documentation without
critical analysis. To prevent this, templates should be
flexible, allow supplementary free text, and be based
on the specialty’s needs. For radiologists, templates
have transformed report preparation by organizing find-
ings, reducing omissions, stratifying risk, and improving
the quality of conclusions, enabling optimal clinical
management for each patient. They also reduce vari-
ability among professionals, improve communication
with attending physicians, and strengthen the medico-
legal framework. Structuring data facilitates clinical
research and the development of artificial intelligence.
The impact is similar for clinical and surgical specialists,
though with its own nuances. Templates ensure that
relevant elements are documented. They also serve as
checklists that reduce errors and omissions and facilitate
follow-up. In the complex hospital environment, stan-
dardization facilitates interdisciplinary communication

and reduces ambiguity. It increases efficiency by reduc-
ing writing time, streamlining workflows, and maintaining
quality, even in high-volume patient scenarios.
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High-resolution MSK-US findings of a reversed palmaris longus muscle
causing a painful mass with neurosensitive symptoms: a case report
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ABSTRACT

The reversed palmaris longus muscle (RPLM) is an uncommon anatomical variant that can mimic a space-occupying lesion
of the forearm. We present the case of a 13-year-old boy, a competitive martial arts, with a painful mass in the right forearm.
A high-resolution musculoskeletal ultrasound (MSK-US) exhibited an ovoid muscle structure, isoechoic to adjacent muscles,
with a typical fibrillar pattern, anomalously located in the distal third of the right forearm. The RPLM showed an inverted
morphology, with a distal muscle belly and a proximal tendon. This anatomical variant is positioned adjacent to the median
nerve (MN), resulting in local compression. Real-time dynamic MSK-US demonstrated thinning of the muscle belly during
active contraction. Color and power Doppler US showed normal intrinsic vascularity and excluded neoplastic or inflammatory
processes. A contralateral examination showed a normal palmaris longus tendon in the left forearm. An anterior right forearm
RPLM was diagnosed by MSK-US. Management was conservative, focusing on patient education, physical therapy emphasizing
stretching and strengthening, and a temporary reduction in martial arts practice intensity. This case report provides a detailed
description of an RPLM diagnosed by MSK-US, highlighting its utility as a dynamic, accessible, and high-resolution tool.

Keywords: Reversed palmaris longus muscle. Musculoskeletal ultrasound. Median nerve. Anatomical variants. Nerve entrapment
syndrome. Case report.

INTRODUCTION

The palmaris longus muscle (PLM) is a superficial
structure in the anterior forearm. Its marked morpho-
logical variability makes it a subject of significant clin-
ical interest'. Although its biomechanical role as a weak

in the distal third and the tendon in the upper third of
the anterior forearm3#. Clinically, RPLM may be asymp-
tomatic or present as a localized soft mass, with pain,
swelling, and neurovascular compression primarily
affecting the median nerve (MN)*®.

accessory wrist flexor is often considered dispensable,
its high variability makes it a fundamental muscle in the
differential diagnosis of upper extremity masses?. One
of the rarest and most pathologically significant variant
is the reversed palmaris longus muscle (RPLM), in
which its classic structure —a proximal muscle belly and
a distal tendon-is inverted, with the fleshy muscle belly
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RPLM is usually identified by magnetic resonance
imaging (MRI) or intraoperatively during nerve entrap-
ment exploration®”. The features of RPLM using mus-
culoskeletal ultrasound (MSK-US) have been scarcely
documented®?. In this case report, we describe a
rare, symptomatic case of RPLM diagnosed by high-
resolution MSK-US in a pediatric patient.
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Figure 1. lllustrations of PLM anatomical variants based on muscle belly morphology and tendon arrangement. A: normal PLM with the typical
appearance of a proximal fusiform muscle belly (yellow arrowhead) originating from the medial epicondyle (white arrowhead) and a palmaris
longus tendon (blue arrowhead) inserting on the palmar aponeurosis (black arrowhead). B: RPLM with an inverse configuration with a proximal
tendinous component (blue arrowhead) and a muscle belly in the distal third of the forearm (yellow arrowhead). C: bifid RPLM, reversed
variant with a duplication or cleft of the muscle belly in its distal segment (yellow arrowheads). D: a RPLM coexisting with the ADMM (yellow
arrowhead) associated with an accessory belly or a myofascial slip connecting to the ADMM (green arrowhead). E: digastric PLM configuration
with two distinct muscle bellies: a proximal belly (yellow arrowhead) and a distal belly (red arrowhead), joined by an intermediate tendon
(green arrowhead). F: PLM with an intermediate muscle belly with the muscular portion in the middle third of the forearm (yellow arrowhead),

bounded by proximal (blue arrowhead) and distal (green arrowhead) tendinous segments.

PLM: palmaris longus muscle; RPLM: reversed palmaris longus muscle; ADMM: abductor digiti minimi muscle.

CLINICAL CASE DESCRIPTION

A 13-year-old boy presented with a painful palpable
mass in the right distal forearm. He was a martial arts
practitioner with no relevant medical or surgical history.
Symptoms began insidiously two months before with
intermittent pain during martial arts training, accompa-
nied by mild paresthesia in the MN distribution. Physical
examination revealed a soft, mobile, non-tender mass
on the volar aspect of the right forearm, approximately
5 cm proximal to the wrist crease. The Tinel and Phalen
nerve provocation tests were negative or inconclusive
at rest. A broad spectrum of differential diagnoses was
considered, including anatomical variants of the PLM,
such as the RPLM, bifid RPLM, and RPLM coexisting
with the abductor digiti minimi (ADMM) (Figure 1).

Imaging findings

Real-time MSK-US was performed using a LOGIQ
S8 system (GE Healthcare, Chicago, IL, USA) with a
high-frequency linear transducer (11 MHz), focused on
the anterior forearm compartment. The patient was
seated, with the right upper limb semi-flexed and fully
supinated on a stable surface. Conductive gel was

applied to the distal anterior forearm, approximately
4-6 cm proximal to the wrist crease. Transverse and
longitudinal planes were systematically scanned
(Figure 2). Initial transverse imaging identified the
PLM, the flexor carpi radialis muscle (FCRM), the
flexor digitorum superficialis muscle (FDSM) tendons,
and the MN. A fusiform, hypoechoic, mild fibrillar,
muscular structure — with an echotexture similar to
adjacent muscles — was noted along the course of the
MN, resulting in nerve compression.

Longitudinal imaging confirmed a distal muscle belly
and a proximal tendon — typical of the reversed variant.
Color and power Doppler US showed normal vascular-
ization, with no signs of inflammation or pathological
neovascularization (Figure 3). Contralateral examina-
tion showed a normal palmaris longus tendon in the
left forearm (Figure 4). The muscle was adjacent to the
MN without dynamic entrapment. A RPLM in the ante-
rior right forearm was diagnosed by MSK-US.

Clinical outcome

Conservative management consisted of patient
education about the anatomical variant, physical ther-
apy emphasizing muscle stretching and strengthening,
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Figure 2. A 13-year-old boy with a painful palpable mass in the right distal forearm diagnosed with RPLM. A: illustration of the MSK-US
approach to the pronated forearm, tracing the RPLM (green arrow) along its proximal (red arrowhead), middle (yellow arrowhead), and distal
(blue arrowhead) segments. B-C: grayscale MSK-US transverse view shows the RPLM at the proximal segment (void arrow); a fusiform,
hypoechoic, mildly fibrillar structure is seen, with an echoic texture similar to adjacent muscles (red arrowhead), in direct relation to the MN
(yellow arrowhead). D-E: grayscale MSK-US transverse view shows the RPLM (red arrowhead) in the middle segment (void arrow) exerting
mild compression on the MN (yellow arrowhead). F-G: grayscale MSK-US transverse view of the RPLM (red arrowhead) at the distal segment
(void arrow) with mild compression of the MN (yellow arrowhead); the FPLM (white arrowhead), FDSM (green arrowhead), FDPM (pink
arrowhead), and PQM (blue arrowhead) exhibit preserved morphology.

RPLM: reversed palmaris longus muscle; MN: median nerve; FPLM: flexor pollicis longus muscle; FDSM: flexor digitorum superficialis muscle; FDPM: flexor digitorum

profundus muscle; PQM: pronator quadratus muscle; MSK-US: musculoskeletal ultrasound.

and a temporary reduction of sport intensity. Clinical
follow-up at 3 months had a favorable outcome, with
the patient reporting complete resolution of pain and
paresthesia.

DISCUSSION

This case report describes a symptomatic RPLM
diagnosed with high-resolution MSK-US in a pediatric
patient with a painful palpable mass in the right distal
forearm. MSK-US provided a precise characterization
of the anomalous muscle, an evaluation of its relation-
ship with the MN, and the diagnosis of RPLM. This
report highlights the expanding role of MSK-US in
characterizing forearm anatomy and its value in the
differential diagnosis of soft tissue masses.

Anatomically, the RPLM is part of the broad spectrum
of PLM variants, ranging from congenital absence to
duplications and aberrant insertions'®"". MRI has been

the standard diagnostic tool, but it has limitations in
differentiating muscle planes and identifying muscle
isointensity®. Schuurman et al.® reported four patients —
three women aged 18, 24, and 51, and a 22-year-old
man — with effort-related MN compression due to RPLM
diagnosed by wrist MRI. Despite its resolution, MRI
remains vulnerable to tissue mimicry, as the RPLM is
isointense to the surrounding muscles. In contrast to
MRI, which provides a static anatomical depiction,
MSK-US allows dynamic characterization of the RPLM,
while MRI faces intrinsic difficulties in differentiating
individual muscle planes and may misidentify the vari-
ant as other flexors or expansive processes due to its
isointense signal. MSK-US facilitates continuous track-
ing of the tendinous axis and real-time assessment
of mechanical interaction with the MN. In our case
report, MSK-US revealed an ovoid muscular structure,
isoechoic relative to adjacent muscles, with a typical
fibrillar pattern, anomalously located in the distal third
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Figure 3. A 13-year-old boy with a painful palpable mass in the right distal forearm diagnosed with RPLM. A: illustration of the MSK-US
approach to the pronated forearm, tracing the course of the RPLM (white arrow). B: extended field-of-view grayscale MSK-US showing the
RPLM (yellow arrowhead) positioned over the MN, exerting compression (red arrowhead). C: longitudinal view and color Doppler MSK-US,
and D: power Doppler view of the RPLM (yellow arrowhead) with normal vascularization, with no sign of inflammation or pathological

neovascularization.

RPLM: reversed palmaris longus muscle; MN: median nerve; MSK-US: musculoskeletal ultrasound.

of the forearm. Additionally, examination of the contra-
lateral left forearm in our patient showed a normal pal-
maris longus tendon. This case report aligns with
recent trends positioning MSK-US as a technique of
choice. Visualization of an ovoid, isoechoic muscular
structure with a fibrillar pattern was possible by high
spatial resolution. The use of color and power Doppler
US together with real-time evaluation, allowed the
exclusion of neoplasms by observing normal intrinsic
vascularity. The dynamic capability of MSK-US, which
permits observation of muscle thickening during con-
traction, is a diagnostic advantage that MRI does not
offer.

The most common manifestation of RPLM is the
appearance of an asymptomatic or slightly tender mass
on the anterior aspect of the distal forearm or wrist. The
radiologist may initially misinterpret this as a hemangi-
oma, nerve sheath tumor, or soft-tissue tumor such as
a lipoma, sarcoma or ganglion (synovial cyst), which,
as reported in the literature, can lead to unnecessary
surgical interventions''. The clinical peculiarity is that
symptoms are often dynamic and related to physical
exertion, as the space within the carpal canal or distal
forearm is compromised by the additional volume of the
muscle belly during activity®. Symptoms tend to worsen

in individuals who perform repetitive upper-limb activi-
ties or contact sports. In these cases, RPLM hypertro-
phy or overuse-related inflammation increases space
occupying effects, transforming a previously silent ana-
tomical variant into a symptomatic condition that
requires precise diagnostic evaluation to differentiate it
from acute traumatic or inflammatory lesions®. RPLM
may be asymptomatic, but muscle hypertrophy or
intense exercise can trigger pain and neurovascular
compression4. Our patient’s symptoms, exacerbated
by physical activity, highlight the mechanism of dynamic
entrapment, in which muscle contraction increases
distal belly volume, thereby raising compartment pres-
sure. Precise identification of PLM variants does not
require histological confirmation when an anatomical
correlation is confirmed, suggesting that comparing
the symptomatic forearm with the healthy contralateral
side serves as an essential internal control’". Identifying
a normal palmaris longus tendon on the opposite side
or documenting muscular asymmetry reinforces the
congenital and variant nature of the finding, effectively
differentiating it from systemic or inflammatory pro-
cesses3'. Therefore, a systemic, bilateral MSK-US eval-
uation, combined with a clinical correlation, allows a
conclusive diagnosis without resorting to MRI or biopsy.
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Figure 4. A 13-year-old boy with a painful palpable mass in the right distal forearm diagnosed with RPLM. A: grayscale MSK-US longitudinal
shows the right-sided RPLM (red arrowhead) extending toward the carpal line over the MN (yellow arrowhead). The MN has an increased
anteroposterior diameter of 0.21 cm. B: contralateral, left forearm, shows the MN with an anteroposterior diameter of 0.19 cm (blue arrowhead),
normal palmaris longus tendon is shown (yellow arrowhead). C: grayscale MSK-US transverse of the middle third of the right RPLM
(red arrowhead) compressing the MN (dotted circle). The cross-sectional area is 0.08 cm? (dotted line). D: grayscale transverse MSK-US
of the left MN with an area of 0.10 cm? (dotted circle). E: grayscale longitudinal MSK-US of the RPLM at rest, showing muscle thickness
(yellow arrowhead). F: grayscale longitudinal MSK-US of the RPLM during eccentric contraction, showing reduced muscle thickness (red
arrowhead). G: grayscale transverse MSK-US of the RPLM at rest showing muscle thickness (yellow arrowheads) and MN compression (blue
arrowhead). H: grayscale transverse MSK-US of the RPLM during eccentric contraction, confirming decreased muscle thickness (red arrowheads).

RPLM: reversed palmaris longus muscle; MN: median nerve; MSK-US: musculoskeletal ultrasound.
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The radiologist must identify the key landmarks of the
RPLM in the distal forearm. Once it is confirmed that
the mass is isoechoic and maintains a typical fibrillar
architecture of striated muscle, the need for a biopsy
is eliminated, as this pattern is pathognomonic of an
anatomical PLM variant'.

CONCLUSION

In our case report, high-resolution MSK-US enabled
an accurate, non-invasive diagnosis of a RPLM in a
pediatric patient with a painful, palpable mass in the
right distal forearm. Early identification helps prevent
diagnostic errors and unnecessary invasive proce-
dures, reinforcing MSK-US as a first-line imaging
modality for soft tissue masses of the forearm due to
its high spatial resolution, cost-effectiveness, and
dynamic evaluation. This modality offers unique advan-
tages for establishing a conclusive RPLM diagnosis.
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Imaging findings of undifferentiated squamous cell carcinoma in a patient
with epidermolysis bullosa

Adriana M. Ruiz-Delgado*(® and Gabriela M. Salinas-Moreno

Department of Radiology and Imaging, Centro Universitario de Imagen Diagnostica, Hospital Universitario “Dr. Jose Eleuterio Gonzalez’
Universidad Autonoma de Nuevo Leon, Monterrey, Nuevo Leon, Mexico

A 27-year-old woman with epidermolysis bullosa examination revealed a large exophytic ulcerative le-
presented with a three-month history of a bleeding sion on the posterior surface of her left forearm and a
exophytic lesion on her left forearm. Physical “mitten” deformity, caused by flexion contracture and

Figure 1. A 27-year-old woman with epidermolysis bullosa and a . . . .
bleeding exophytic lesion on her left forearm. A: a clinical photogra- Figure 2. A 27-year-old woman with epidermolysis bullosa and a blee-

ph of the posterior left forearm showing an exophytic lesion with ding exophytic mass on her !F’ft fore'f)r.m. A: avenous phase contrast-
active bleeding (white arrowheads). The hand exhibits a “mitten enhanced CT of the upper limb exhibits an irregular heterogeneous,
hand” deformity characteristic of epidermolysis bullosa (asterisk). predominantly hypodense exophytic lesion of the posterior forearm,

B: a lateral X-ray of the forearm reveals a large, soft exophytic mass with well-defined borders and no invasion of deep planes. Bone and
on the left posterior forearm with no bone involvement (white muscle structures are preserved. The lesion is enhanced after contrast

arrowheads). The hand deformity caused by flexion contracture and ~ administration (white arrowheads). B: a 3D volume-rendered CT shows

pseudosyndactyly gives the appearance of a “mitten hand,” with N0 deep plane invasion with preservation of bone and muscle, and a

hook-like distal phalangeal deformities (blue arrow). hook deformity of the distal phalanges (blue arrowhead). The histopa-
thological diagnosis was undifferentiated squamous cell carcinoma.

CT: computed tomography.
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pseudosyndactyly of the distal phalanges with a hook-
like appearance (Figure 1). A lateral X-ray showed a
large soft-tissue exophytic lesion on the posterior left
forearm without bone involvement.

Venous phase contrast-enhanced computed tomogra-
phy (CT) of the left upper limb shows a heterogeneous,
with predominantly hypodense areas, well-defined bor-
ders of an irregular exophytic lesion on the posterior
forearm (Figure 2). The lesion showed enhancement
after contrast administration, with no invasion of under-
lying bone or muscle. The histopathologic diagnosis was
undifferentiated squamous cell carcinoma with acantho-
lytic features and perineural invasion.

Squamous cell carcinoma is a long-term skin compli-
cation of scarred epidermolysis bullosa'. Some lesions
are flat ulcers that invade subcutaneous tissue, with
poorly defined deep tumor margins and peritumoral fat
stranding. These features reflect the locally aggressive
behavior of the lesion?. Imaging evaluation can begin with
X-ray. CT findings show nonspecific soft tissue density.
The risk of metastasis for squamous cell carcinoma in
patients with epidermolysis bullosa is relatively low; there-
fore, routine imaging studies are not recommended?®.
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