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Abstract

Purpose To assess normal distribution of fluid in the tendon sheaths of the ankle.

Methods 21 healthy volunteers were evaluated. Bilateral ankle MRI was performed on a 3T unit with PD-weighted images
with fat saturation. The images were interpreted by two radiologists separately, and the short-axis dimension of fluid amount
was measured. Bland—Altman plots and correlation plots were used to assess consistency between readers.

Results There were 13 men and 8 women. The mean age was 24.7 years. Fluid in the retromalleolar part of the peroneus
longus was seen in three ankles of three volunteers and in the inframalleolar part in three ankles of three volunteers. Fluid
in the retromalleolar part of the peroneus brevis was seen in four ankles of three volunteers and in the inframalleolar part in
three ankles of two volunteers. Fluid in the retromalleolar part of the tibialis posterior was seen in 37 ankles of 20 volunteers
and in the inframalleolar part in 38 ankles of 21 volunteers Fluid in the retromalleolar part of the flexor digitorum was seen in
14 ankles of eight volunteers and in the inframalleolar part in 11 ankles of eight volunteers Fluid in the retromalleolar part of
the flexor hallucis longus was seen in 23 ankles of 16 volunteers and in the inframalleolar part in 17 ankles of 11 volunteers.
Conclusion Fluid is common in the retro- and inframalleolar parts of the medial tendons. Fluid is virtually absent in the
peroneal tendons and anterior tendon sheaths in normal volunteers.

Keywords Ankle - Tendon ankle - Ankle joint

Introduction The purpose of this study is to assess fluid in the tendon
sheaths of the ankle on MRI imaging in healthy volunteers.
Although some authors have reported that any visible fluid
in an ankle tendon sheath as abnormal, others have sug-
gested that a certain amount of fluid in the tendon sheath

may be a normal finding [1-3, 8, 9]. However, reference

Materials and methods

values for the normal amount of fluid and the distribution
of fluid on MR imaging have not been established. This is
of clinical interest as MR imaging of the foot is commonly
performed and it is important to determine if the presence
of fluid is clinically significant.
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The study was approved by the ethical committee of our
hospital. Twenty-one healthy volunteers (42 ankles) were
evaluated with MR imaging. Written informed consent was
obtained. There were 13 men and 8 women. The mean age
was 24.7 years, range 19-43 years. None of the partici-
pants was a professional or recreational athlete. To avoid an
increase in synovial fluid due to recent activity the volun-
teers abstained from exercise for 3 days. MR imaging was
performed on a 3T MR unit (Philips, Achieva, Best, The
Netherlands) using proton density-weighted images with fat
saturation (TR 2969 ms; TE 30 ms; NA 2; slice thickness
2.5 mm). Patients with a history of trauma, pain, and rheu-
matological conditions were excluded from the study group.
Four initially selected volunteers were thus not included.
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Images were obtained in three orthogonal planes. The ten-
dons were assessed in the retro- and inframalleolar areas.
All measurements were performed in the transverse plane.
We found this plane to give the best representation of the
amount of fluid. The other planes were also used mainly to
differentiate vascular structures from real fluid. The size of
the largest fluid collection was measured in the transverse
plane both in the retro- and inframalleolar areas. The images
were interpreted by two radiologists in separate sessions, so
two measurements were obtained. With this type of data,
the simplest and well-accepted way to analyze agreement
between measurements is calculating the Pearson correlation
coefficient and performing Bland—Altman analysis (Figs. 1
and 2). The classic kappa technique or intraclass correlation
coefficients are not possible with this type of data. Statistics
were performed using SPSS (IBM, version 23).

The difference between measurements of left and right
tendons was assessed by Wilcoxon signed-rank test. In addi-
tion, the Pearson correlation of the TP retro, TP infra, FD
retro, FD infra, FH retro and FH infra, and tendon measure-
ments were correlated with anterior and posterior tibiotalar
effusions A p value less than 0.05 was considered to repre-
sent a statistically significant result.

Results

Fluid in the retromalleolar part of the peroneus longus was
seen in three ankles (three volunteers) and had a mean of
0.07 mm, range 0.01-0.16 (Fig. 3, Table 1). None of the
visualized tendons had a tear or tendinosis. Fluid in the
inframalleolar part of the peroneus longus was seen in
three ankles (three volunteers, 7%) and had a mean size
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Fig. 1 Bland—Altman plot showed an average difference of 0.07 mm
between both measurements and did not reveal proportional errors
and systematic bias
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Measurement 1 (mm)

Measurement 2 (mm)

Fig.2 Correlation between the two measurement sessions was found
to be strong (Pearson correlation 0.792, p <0.01)

of 0.06 mm, range 0.01-0.13. Fluid in the retromalleo-
lar part of the peroneus brevis was seen in four ankles
(three volunteers, 7%) and had a mean size of 0.08, range
0.002-0.16. In the inframalleolar part of the peroneus bre-
vis, fluid was seen in three ankles (two volunteers, 7%)

Fig.3 Transverse proton density-weighted MR image. Note absence
of fluid around peroneal tendons in retromalleolar area (arrowhead),
and small sliver of fluid around tibialis posterior in retromalleolar
area (arrow)
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Table 1 Fluid in mm at the different tendons (right and left)

PLi TPr TPi FDr FDi FHr FHi TAb TAo EHb EHo EDb EDo

PBr

PLr

003 001 009 023 007 138 113 153 119 119 077 068 039 183 129 051 045

0.03

PLr peroneus longus retromalleolar, PBr peroneus brevis retromalleolar, PLi peroneus longus inframalleolar, PBi peroneus brevis inframalleolar, 7Pr tibialis posterior retromalleolar, TPi tibi-
alis posterior inframalleolar, FDr flexor digitorum retromalleolar, FDi flexor digitorum inframalleolar, FHr flexor hallucis retromalleolar, FHi flexor hallucis inframalleolar, 7ab tibialis anterior
above joint, Tao tibialis anterior below joint, EHb extensor hallucis above joint, EHo extensor hallucis below joint, EDb extensor digitorum above joint, Edo extensor digitorum below joint

Fig.4 Transverse proton density-weighted MR image. Note small
amounts of fluid around all flexor tendons in the inframalleolar area
(arrows)

and had a mean size of 0.05, range 0.008-0.12. Fluid in
the retromalleolar part of the tibialis posterior was seen
in 37 ankles (20 volunteers, 88%) and had a mean size
of one, range 0.83—-1.16, while in the inframalleolar part
of tibialis posterior it was seen in 38 ankles (21 volun-
teers, 90%) and had a mean size of 1.42, range 1.18-1.66
(Fig. 4). Fluid in the retromalleolar part of the flexor digi-
torum was seen in 14 ankles (eight volunteers, 33%) and
had a mean size of 0.43, range 0.2—0.65, whereas in the
inframalleolar part of the flexor digitorum it was seen in
11 ankles (eight volunteers, 26%) with a mean size of 0.3,
range 0.12-0.47. Fluid in the retromalleolar part of the
flexor hallucis longus was seen in 23 ankles (16 volun-
teers, 54%) and had a mean size of 1.15, range 0.65-1.65.
In contrast, in the inframalleolar part of the flexor hallu-
cis longus it was seen in 17 ankles (11 volunteers, 40%)
and had a mean size of 0.7, range 0.34-1.02. No fluid
was seen around the anterior tendons above and below the
ankle joint (Fig. 5). Correlation between the two measure-
ment sessions was found to be strong (Pearson correlation
0.792, p <0.01). Bland—Altman plot showed an average
difference of 0.07 mm between both measurements and did
not reveal proportional errors and systematic bias.

Apart from TP infra (p <0.01) and FH infra (»p =0.02),
there was no difference between measurements of the left
and right tendons (average p=0.53, 95% CI 0.31-0.75).

There was no correlation (average p=0.41, 95% CI
0.29-0.52) between the measurements of the tendons and
tibiotalar joint fluid.
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Fig.5 Transverse proton density-weighted MR image. Note the
absence of fluid around anterior tendon group (arrowheads), and
moderate amounts of fluid around tibialis posterior and flexor digito-
rum (arrows)

Discussion

On MRI and ultrasound studies of the ankle, fluid in the
tendon sheaths is a common observation [6]. When inter-
preting MR images, it is important to determine if the
fluid in the tendon sheath is abnormal, indicating a tendon
injury or if it is normal, and should be considered physi-
ologic. Although tendon sheaths are expected to contain
some fluid for lubrication of tendons, without having a
pathological significance, there is insufficient literature
concerning the normal amount of physiological fluid.

Rosenberg et al. reported that only occasionally, a mini-
mal amount (without further specifying the amount and
tendons) of fluid is noted within a tendon sheath, and that
this finding was clinically insignificant [1].

Schweitzer et al. studied [6] fluid in normal ankles;
however, their study used MR systems with low resolu-
tion and thick slices. In our study, we found that 3T images
can differentiate well between peritendinous vessels and
synovial fluid. This may have led to misinterpretations in
the study of Schweitzer. Our study assessed more tendon
sheaths in more locations than these authors. Their study
also included patients with symptomatic ankle problems,
creating a potential bias.

As reported previously tenosynovial fluid is more com-
mon in flexor than extensor tendon sheaths. At the exten-
sor tendons, fluid was absent in asymptomatic individuals.
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Fluid in the tendon sheaths of normal volunteers was
most common medially, around the posterior tibial tendon;
it was present in most ankles both in the retromalleolar
as well as inframalleolar area and could reach 1.6 mm in
thickness. Schweitzer et al. [6] reported that 22% of the
normal volunteers had fluid around the posterior tibial ten-
don. In our study, it was much more common, seen in most
volunteers. This may be attributed to better image quality
or a difference in the study population.

Fluid around the flexor digitorum was less common,
about in a third of patients both in our and Schweitzer’s
study [6]. It could reach 0.6 mm, so less than in the tibialis
posterior tendon sheath.

In Schweitzer’s study, 31% had fluid around the flexor
hallucis longus [7]. In our study, it was seen in about a
third of patients both in the retro- and inframalleolar areas.
It could reach a size of 1.6 mm similar to the tibialis poste-
rior. Of note, in a quarter of patients, communications may
exist between the tibiotalar joint and or posterior subtalar
joint rendering interpretation of collections in this area
somewhat difficult, and potentially causing bias.

In our study, both the peroneus brevis and longus had
a small amount of fluid in three patients (retro- and infra-
malleolar parts). Our findings confirm that fluid around
the peroneal tendons should be regarded with suspicion
as it is not expected in normal volunteers. Importantly,
small blood vessels curving around the peroneal tendons
are common and may be confused with fluid in the tendon
sheath. We suspect such misinterpretations were made
with lower resolution MR systems. On a 3T system, the
difference is clearly demonstrated.

In an ultrasound study of ankle tendons in healthy
volunteers, Schmidt et al. [6] reported fluid around the
following tendons: the peroneus longus tendon in 68%,
the peroneus brevis in 76%, the tibialis anterior in 46%,
and the tibialis posterior in 45%. These observations dif-
fer from Schweitzer’s and our findings. Retinacula around
these tendons actually present as multiple-millimeter-thick
hypoechoic bands on ultrasound, and this likely explains
this misinterpretation. Our findings clearly demonstrate,
that as a general rule, there is no tenosynovial fluid around
the peroneal tendons in the retro- and inframalleolar areas.

Several other authors have also studied fluid in ankle
synovial sheaths without making measurements and dif-
ferentiating the retro- and inframalleolar areas. Nazarain
et al. [6] disclosed fluid in the tibialis posterior tendon
sheath in 77% of tendons. This is in accordance with our
findings.

Although several authors have described any visible
fluid in the tendon sheath as synovitis and abnormal, our
results indicate that radiologists should be careful attributing
pathological significance to fluid in some tendon sheaths.
The amount of physiological fluid is also relevant and as
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indicated by our results it should not be more than 1.6 mm
as the largest dimension, especially in the medial tendons
[4, 5].

Our study has several limitations. First, our number of
volunteers was limited, although we still included 42 ankles,
which represents a reasonable sample. Part of our study
was performed by Schweitzer decades ago but at that time,
quality of MR systems was insufficient to depict these small
amounts of fluid and differentiate this from vessels. We also
made more detailed infra- and retromalleolar measurements.
We also did not include a symptomatic population as Sch-
weitzer. Also on the day of the study, they avoided strenuous
long walks to the MR suite. We cannot exclude that any of
our volunteers may have had an undiagnosed rheumatologi-
cal condition, although follow-up 2 years after the actual
study has not revealed any evidence of this. Schweitzer in
their study attempted to use volume calculations, but we
believe this is too cumbersome. We acknowledge measure-
ments could have been performed in other planes, but we
choose for a simple clinically applicable method. Our study
population is relatively young, and findings may be different
in elderly subjects. In the inframalleolar area, tendons are
somewhat oblique and this may have led to a measurement
error.

Conclusion

In asymptomatic volunteers, fluid is typically seen in the
medial ankle tendon sheaths, both in the retro- and infra-
malleolar areas. This is most pronounced for the tibialis pos-
terior tendon and flexor hallucis tendon. Fluid in the anterior
tendons and peroneal tendon sheaths is rarely seen. We sug-
gest this is likely to indicate a tendon or synovial pathology.
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