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Aim: This imaging anatomy study aimed at detecting anatomical variations and potential
interconnections of the superior peroneal retinaculum to other lateral stabilizing structures.
Materials and methods: We retrospectively reviewed the imaging archives of 63 patients
(38 females, 25 males, mean age 32.7, range 18-58 years) with available ankle US, MR and
CT images to detect whether US and MR can detect the presence of interconnections between
the superior peroneal retinaculum and the anterior talofibular ligament, inferior extensor
retinaculum and peroneal tendon sheath. We evaluated the presence of common anatomi-
cal variations including low peroneus brevis muscle belly, peroneal tubercle, os peroneum,
and retromalleolar fibular groove shape in relation to the presence of superior peroneal
retinaculum connections. Results: The connections of the superior peroneal retinaculum
can be revealed on magnetic resonance imaging (MRI) and ultrasound (US). The connection
to the anterior talofibular ligament was located (a) inferior to the lateral malleolus, (b) at
the level of the lateral malleolus and (c) on both levels, respectively (a) 49.2% on MRI and
39.7% on US, p <0.05, (b) 44.4% and 58.7%, p <0.05, 36.5% and (c) 27%, p <0.05. Superior
peroneal retinaculum-inferior extensor retinaculum (MRI 47.6%, US 28.6% p <0.001) and
superior peroneal retinaculum-peroneal tendon sheath (MRI 22.2%, US 25.4% p >0.05)
connections were also found both on MR and US. Conclusion: Ankle US and MR revealed
interconnections between the superior peroneal retinaculum and the anterior talofibular
ligament, inferior extensor retinaculum, and superior peroneal retinaculum. Our results are
a starting point for further studies on the connections of the superior peroneal retinaculum
and the applicability of ultrasound and MRI in assessing their occurrence. Knowledge of the
anatomical connections of the superior peroneal retinaculum may help radiologists with the
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Introduction

posterolateral border. Anatomical variations, including the
retromalleolar fibular groove shape, trochlear tubercle, os

The peroneal retinacula are fibrous retaining bands that
stabilize the peroneal tendons at the malleolar groove?.
The superior peroneal retinaculum (SPR) is a complex
structure forming the retromalleolar fibular groove’s

peroneum, and low-lying peroneus brevis muscle belly, may
contribute to peroneal tendon disorders'*>. Moreover,
injuries of the SPR commonly coexist with lateral ankle
ligament injury®°®®. The posttraumatic lateral ankle pain
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a preliminary imaging anatomy study

is frequently caused by lateral ankle instability. Chronic
lateral ankle instability may be caused by the laxity of the
SPR, which may result in peroneus brevis split rupture®.
There is no sufficient anatomical background for the cited
clinical observation. The presence of a concomitant injury
of the lateral ankle ligament results from the mechanism of
injury and is probably related to interconnections between
ligaments®!Y. Connections of the SPR with ligaments in
the Kager’s fat pad were previously revealed'?. The SPR
was connected most commonly with the fibulotalocalca-
neal ligament, the paratenon, the posterior talofibular liga-
ment, the flexor retinaculum, and the anterior talofibular
ligament (ATFL)!?.

High-resolution magnetic resonance (MR) imaging using
1.5 T and high-resolution ultrasonography (US) with high-
frequency linear transducers allow detailed delineation
of the anatomy and diseases of the lateral ankle struc-
tures, including the SPR®*!%. Various MR studies have
evaluated the appearance of the SPR and variations of
the peroneal tendon complex!51417, Using MR imaging,
interconnections have been reported between the follow-
ing structures: the anterior talofibular ligament (ATFL), the
inferior extensor retinaculum (IER), and the peroneal ten-
don sheath (PTS), and their association to other common
anatomical variations described in the literature(!!:12.18.19,
Interconnections of the SPR to the lateral ankle structures
have not been previously reported on US, and limited lit-
erature is available using MR"?.

The research hypothesis was that the connections between
the SPR and the neighboring structures are visible in ankle
ultrasound.

Material and methods

This is a retrospective study of 63 patients with available
ankle US, CT, and MR images (38/25 females/males, mean
age 32.7, range 18-58 years). All examinations were per-
formed as part of the clinical routine from July 2018 to
November 2019. The findings were reviewed twice, and the
final decision was made by consensus.

The inclusion criteria were a non-traumatic indication,
availability of complete US videos, at least T2- or PD (pro-
ton density)-weighted MR sequences without fat suppres-
sion in the axial plane, and ankle CT. The exclusion cri-
teria comprised a history of fracture (12 cases), obvious
abnormality in the lateral ankle region such as tumor or
inflammation (5 cases), presence of orthopedic hardware
(7 cases), and low US video quality (4 cases). In total,
63 patients fulfilled the criteria and were included in the
study group.

MR examinations were performed using the Ingenia 3.0T
MR system (Philips Healthcare) with a dedicated ankle
coil. PD TSE (turbo spin-echo) in the axial plane: TE (echo
time) 45 ms, TR (repetition time) 2800-5000 ms, FOV (field
of view) 14 cm. T2 TSE in the axial plane: TE 80 ms, TR
3000-5000 ms, FOV 14 cm. US examinations were per-
formed using the GE Logiq 9 system with 6-15 MHz and
8-18 MHz probes. CT examinations were conducted using
cone-beam or 256-slice scanners.

We assessed anatomical interconnections between the
SPR and the ATFL, PTS, and IER. The interconnections
were considered present on MR and/or US, respectively,
when thin, linear, low signal intensity bands were evident
and/or when thin isoechoic or hyperechoic linear fibrillar
structures were found between the above structures. We
assessed the presence of connections first on US and then
MR images. MR assessment. Firstly, the SPR was found
on the horizontal sections based on the anatomical loca-
tion. We then assessed where the SPR ended by analyzing
subsequent cross-sections, and determined whether there
was a clear difference between the SPR, which was con-
sidered an absent connection. The observations were con-
firmed on the frontal images on MRI and other projections
on ultrasound.

Anatomical variations including the os peroneum, peroneal
tubercle, retromalleolar fibular groove shape variation, low-
lying peroneus brevis muscle, peroneus tertius, and quartus
muscles were assessed on US images. Verification of soft
tissue variants was performed on MR and bone variants on
CT images, based on previously described criteria®. The

Fig. 1. A 19-year-old patient with a clinical suspicion of rheumatoid arthritis. A. ultrasound, transverse section. B, C. proton density-
weighted transverse sections. Fib — fibula. SPR — curved arrow. No connection with IER is present
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Tab. 1. Interconnections between the SPR, ATFL, IER, and PTS revealed on ultrasound and MRI, N = 63. P-values indicated as * p <0.05
and ** p <0.001

T ot | aleotus | inferor o the ateralmallealus | SPR~1ER | SPR-PTS

Us 37 25 17 18 16
58.7% 39.7% 27.0% 28.6% 25.4%

MRI 28 31 23 30 14
44.4% 49.2% 36.5% 47.6% 22.2%

Difference 14.3%* 9.5%* 9.5%* 19.09%** 3.2%

Tab. 2. Prevalence of variants of the retro-malleolar fibular groove, peroneal tubercle, and os peroneum. N = 63. P-values indicated as * p <0.05

Retromalleolar fibular groove shape
Presence of peroneal tubercle Presence of os peroneum
concave flat convex

Us n 39 14 10 41 3
% 61.9% 22.2% 15.9% 65.1% 4.8%

T n 45 12 6 40 6
% 71.4% 19.0% 9.5% 63.5% 9.5%
Difference % 9.5%* 3.2%* 6.3% 1.6%* 1.6%

retromalleolar fibular groove shape was characterized in
line with the standard criteria as flat, convex, or concave!.
The definition of hypertrophy of the peroneal tubercle was
applied from previous studies as the tubercle projecting
beyond the outer contour of the peroneal tendons®.

Statistical analysis was performed using SPSS 8.0. To com-
pare the prevalence of connections between US and MR,
a chi-square test was used. The level of statistical signifi-
cance was set at p <0.05.

The Ethics Committee approved the study and waived
the need for informed consent (number 2020-06177). The
study was conducted in compliance with the Declaration of
Helsinki. The anonymization of patient data ensured data
protection following the European General Data Protection
Regulation. The data were recorded in a password-pro-
tected secure database.

Results

The SPR was found to be connected to at least one of the
examined lateral structures in 16 cases (25.3%) on US, and
in 14 cases (22.2%) on MR, whereas no connections at all
were identified in 6 cases (9.5%) on MR and 3 cases (4.8%)
on US; the differences are not statistically significant
(p >0.05). When the SPR did not extend beyond the outer
outline of the lateral malleolus, connections were consid-
ered absent (Fig. 1). The SPR connections are shown in
Tab. 1 and other anatomical variations in Tab. 2.

Superior peroneal retinaculum — anterior
talofibular ligament

This was the most common connection seen on US.
Interconnections between the SPR and ATFL were found
between the lateral malleolus level and the area inferior
to it (Fig. 2, Tab. 1). The most common variant of the

SPR-ATFL connection on MR was located inferior to the
lateral malleolus tip (n = 31, 49.2%). The connections that
were significantly more often detectable on MR than US
are located inferiorly to the lateral malleolus (49,2% vs
39.7%, p <0.05) and at the level of the lateral malleolus
and inferior to it (36.5% vs. 27%, p <0.05). The presence
of connections at the lateral malleolus level was noted sig-
nificantly more commonly on US than on MRI (58.7% vs.
44.4% p <0.05).

Superior peroneal retinaculum — inferior
extensor retinaculum

MR revealed this connection significantly more often than
US (47.6% vs. 28.6%, p <0.001) (Tab. 1). The connection
was visualized as a linear echogenic fibrous band on US,
and as a narrow, low signal intensity linear strip on MR,
and was often evident at the external outline of the lateral
malleolus near the cortex (Fig. 3 and Fig. 4).

The IER served as an intermediate station for connecting the
SPR to the ATFL in 8 cases on MRI (12.7%) and in 5 cases on
US (7.9%), but the difference was not significant (p >0.05)
(Fig. 3). In those cases, a direct connection between the SPR
and the ATFL was also noted (n = 13, 20.6%) (Fig. 5).

Superior peroneal retinaculum — peroneal
tendon sheath

Connections to the PTS were found in 25.4% cases on US and
22.2% on MR. They were located inferior to the apex of the
lateral malleolus (Fig. 6). The difference in the frequency of
this connection between MR and US was the smallest among
all the connections (difference 3.2%, p >0.05) (Tab. 1).

There were no statistically significant differences in the
number of SPR connections between the group of males
and females or body sides (p >0.05).

eld
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Fig. 2. A 34-year-old patient with a suspicion of a ganglion. A, B. transverse section on ultrasound corresponding to section d. C, D, E. T2-
-weighted slightly oblique section. The interconnection (straight arrows) between the SPR (curved arrow) and ATFL (curved dashed

arrow); fib — fibula
Other anatomical variations

The concave shape was the most common anatomical vari-
ant of the retromalleolar fibular groove, found on CT in
71.4% and on US in 61.9%, (p <0.05) cases, followed by
flat (CT in 19% and US in 22.2%, p <0.05) and convex
shapes (CT in 9.5% and US in 15.5%, p >0.05) (Tab. 2,
Fig. 7). More flat and convex cases were revealed on US
than on CT, yet the difference was statistically significant
only for the flat shape. Statistically significant differences
in the presence of connections between the SPR and the
ATFL were noticed only for the concave type of retromal-
leolar fibular groove in MRI assessment (Tab. 3).

In most cases, the peroneal tubercle was found both on
US and CT (65.1% and 63.5%, respectively) (Tab. 2, Fig. 8);
however, no hypertrophy of the peroneal tubercle was

observed. US showed the peroneal tubercle presence in
1.6% cases more compared to CT (p <0.05). We identified
6 cases (9.5%) with os peroneum present on CT while only
3 (4.8%) of them were detected on US (p >0.05). Low-
lying peroneus brevis muscle belly was identified in 7 cases
(11.1%) on US and in 5 cases on CT (7.9%), p <0.05. No
case of peroneus quartus or tertius muscle was found.

Discussion

The most important finding of this paper is that SPR connec-
tions to the adjacent structures exist and can be visualized on
MR and US. The most common SPR connection found on US
was that with the ATFL, followed by the connection with the
IER and PTS. The most common connection evident on MR
was that to the IER, followed by the ATFL and PTS. The IER,
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Fig. 3. A 24-year-old patient with pain anterior to the lateral malleolus. A. transverse section on ultrasound, B, C. T2-weighted slightly
obligue sections. The interconnection (arrows) between the SPR (curved arrow) and IER (dashed arrow); fib - fibula

Fig. 4. A 42-year-old patient presenting clinical suspicion of
oblique oriented section. The interconnection (arrows) between the SPR (curved arrow) and IER (dashed arrow); fib- fibula

due to its location, was found to serve as an intermediate sta- MRI"Y. The SPR connection to the calcaneofibular ligament
tion for connecting the SPR to the ATFL. These imaging stud- and the Achilles paratenon wa

ies confirm previous findings regarding lateral ankle li cadavers and MR imaging studies"??". Other v

ment interconnections reported in cadaveric studies'®?Y and  been previously reported in cadavers, including the inferior




Fig. 5. A 52-year-old patient presented with retromalleolar pain. A, B, C. transverse section on ultrasound. D. proton density-weighted trans-
verse section. The interconnection (arrows) between the SPR (letter R) and IER (curved arrow) and ATFL. Fib — fibula

Fig. 6. A 28-year-old patient with a clinical suspicion of an intraarticular free body in the ankle joint. A. transverse section at the level
of the lateral malleolus (fib — fibula), SPR — curved arrow, connection to the PTS (straight arrow). B. oblique section along the
calcaneofibular ligament (asterisk). C. coronal section at the level of the peroneal tubercle (t), PTS - dashed arrow, calcaneus — cal.
D, E, E MRI proton density-weighted axial sections




Fig. 7. Anatomical variations of the peroneal tubercle, three different patients. A, B, C. coronal sections, ultrasound, A. no explicit pero-
neal tubercle was noted (X), B, C. the peroneal tubercle (t) was present. The peroneus brevis (curved arrow) and the peroneus longus
(dashes curved arrow)

Tab. 3. Differences in the presence of interconnections between different variants of retromalleolar fibular groove on US and MRI, p-value

. Variant of retromalleolar | ATFL-SPR at the level of ATFL-SPR inferior to ATFIT-SPR. at the level
Modality . and inferior to lateral SPR-IER | SPR-PTS
fibular groove lateral malleolus lateral malleolus
malleolus

convex 0.80 0.42 0.55 0.38 0.59

us concave 0.26 0.31 0.36 0.82 0.79
flat 0.69 0.95 0.70 0.43 0.81

convex 0.23 0.14 0.11 0.45 0.66

cT concave <0.05 <0.05 <0.05 0.53 0.26
flat 0.20 0.09 0.18 0.54 0.31

peroneal retinaculum’s connection to the lateral calcaneal
process®?? or the IER®®. These findings probably indicate a
tendency for the lateral structures to interconnect and form
larger functional units. The tendency to developing the con-
nections between structures was also observed in the medial

area of the ankle. The flexor retinaculum connections with
the deltoid ligament, the fibulotalocalcaneal ligament, and
the flexor fibrous sheath were reported previously®®. To our
knowledge, the connections found in our study have not been
previously described in US, cadaveric or surgical studies.
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Fig. 8. The most common variant of the retromalleolar fibular groove, convex (straight arrow). A 39-year-old patient with a suspicion of

rheumatoid arthritis. A, B. cone-beam computed tomography (A. 3D posterior medial view, B. transverse section), C. transverse ul-
trasound section. SPR (curved arrow) was connected (dashed curved arrow) to IER (not shown). Fib — the lateral malleolus

MR has been proved useful for the assessment of foot reti-
nacula®?2¢_Additionally, MR is not affected by overdissec-
tion, which is a common problem in anatomical research.
However, there is scarce evidence on the existence of these
connections in MR studies. In a previous MR study, we
documented SPR connections to the fibulotalocalcaneal
ligament, the posterior talofibular ligament, and the flexor
retinaculum via the fibulotalocalcaneal ligament"?. The
SPR-ATFL connection in that study was found in only 9% of
cases, which is a lower proportion than in the current study.

SPR connections are essential components of a functional
complex at the lateral malleolus level227, Statistically
significant differences in the occurrence of connections
revealed on MRI between the ATFL and PTS were noticed
before between groups of single and double fascicular
ATFL and CFLUY. It is challenging to distinguish between
single and double fascicular ATFL on US; thus, comparing
the results is not entirely possible, which is a limitation of
this study.

MR showed significantly more SPR connections than US
in all cases except the ATFL-SPR connection located at
the lateral malleolus level, and the SPR-PTS connection.
This observation indicates the complementary roles of MR
and US. The slightest difference between MR and US was
encountered for the SPR-PTS connection, and the greatest
for the SPR-IER connection. The discrepancies between
MR and US may be due to technical issues, mostly affecting
the US examination. The SPR is best imaged on US in the
axial oblique plane, and the degree of transducer obliquity
depends on the course of the retinaculum, which differs
widely among patients, and the operator’s skills to identify
the correct plane'*!¥. Those parameters may result in poor
US visualization of the SPR and reduced possibility of iden-
tifying the associated connecting fibers.

Moreover, the lack of contrast between the echogenic con-
necting fibers and the surrounding subcutaneous fat may

be another reason for the US’s lower sensitivity. On the
contrary, the contrast between the fat and fibrous tissue is
excellent on MR, allowing the connecting fibrous bands to
be easily identified. Interestingly, US was found to reveal
more SPR-ATFL connections at the lateral malleolus level
than MR. This may be attributed to the fact that the fibers
connecting superficially to the lateral malleolus are more
clearly delineated on US than MR, where the low signal
fibers blend with the low signal of the cortical bone, limit-
ing the discrimination between them®®.

The results of our study may have important clinical impli-
cations. These connections may explain various combina-
tions commonly encountered in lateral ankle instability pat-
terns®¢429_ Tt has been suggested that a disruption of the lateral
collateral ligaments induces strain and injury on the SPR,
which may explain why the conditions commonly coexist®.
Our findings suggest the presence of an anatomical (besides the
biomechanical) connection between the SPR and ATFL. This
study’s findings could be clinically relevant to radiologists in
routine assessment of SPR connections in lateral ankle sprains
and surgeons for planning reconstruction procedures.

We also assessed the presence of other anatomical variations
which may influence the functions of the peroneal tendons.
The incidence of the peroneal tubercle and os peroneum
found in our study is comparable to the values reported
in the literature. The incidence of the peroneal tubercle is
estimated at 40-84%, and os peroneum at 7-20%"3%. The
low-lying peroneus brevis muscle belly was less common in
our study than in previous studies, where it was reported to
range between 23.2% and 87%%%3). However, the level of
the muscle belly changes with foot position®®?, and it is chal-
lenging to identify the retromalleolar fibular groove on US,
which may explain the reported differences. The retromal-
leolar fibular groove’s concave shape was the most common
variant, followed by flat and convex shapes. The finding is
in agreement with prior studies reporting a cadaveric inci-
dence of 68-82% for the concave type''3¥; however, in other

J Ultrason 2021; 21: e12-e21
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studies, the convex or flat shape was shown to be the most
common®’3+3%_ Such differences may represent epidemio-
logical, ethnic or developmental variation. It is difficult to
determine whether the variants of the retromalleolar fibular
groove may be related to the presence of SPR connections,
but the developmental background may be possible.

Considering CT as the appropriate bone surface render-
ing method, we found that US underestimated the concave
shape, while overestimating the flat and convex shape fre-
quencies. US also overestimated the incidence of the pero-
neal tubercle compared to CT. These differences may be
attributed to variations in the scanning planes and opera-
tor dependency, making CT imaging a more reproducible
method for assessing bone morphology than US.

This study has its limitations. We are aware of the most
important limitation of this study, namely the use of ultra-
sound in the context of a retrospective study. The method of
minimizing this negative effect was the use of ultrasound
films and MRI. The present study and its results are a start-
ing point for further prospective work in ultrasound and
MRI. The slide thickness in the MRI protocol was 3 mm,
and no 3D sequences were available. Also, we had no surgi-
cal correlation for our findings.
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