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Abstract

Background The aim of this study is to provide a safe ultrasound-guided minimally invasive surgical approach for a proximal
tarsal tunnel release concerning nerve entrapments.

Methods and results The study was carried out on ten fresh-frozen feet. All of them were examined by high resolution
ultrasound at the medial ankle region. The surgical approach was marked throughout the course of the flexor retinaculum
(laciniate ligament). Once the previous steps were done, the flexor retinaculum release technique was carried out with a
2-mm entry only. As a result, an effective and safe release of the flexor retinaculum was obtained in all fresh-frozen feet.
Conclusion The results of our anatomic study indicate that our novel ultrasound-guided minimally invasive surgical approach
for the release of the flexor retinaculum might be an effective, safe and quick decompression technique treating selected
patients with a proximal tarsal tunnel syndrome.

Keywords Tarsal tunnel syndrome - Heel pain syndrome - Ultrasound - Minimally invasive foot and ankle surgery -
Ultrasound-guided - Nerve entrapment

Introduction

The tibial nerve (TN) often—mistakenly—in current litera-
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ture also named the “posterior tibial nerve”, takes its course
within osteofibrous tubes and is vulnerable to an entrapment.
The entrapment of the TN within the tarsal tunnel (TT),
also known as the tibio-calcaneal tunnel, calcaneal tunnel or
Richet’s tunnel can occur in two different osteofibrous tubes:
in the proximal tarsal tube and the distal tarsal tube [10].
The tarsal tunnel syndrome itself was first described by
Keck et al. and by Lam et al. in two independent publications
[22, 30]. Its signs and symptoms were already examined in
1960 by Kopell and Thomson et al. [27]. The true incidence
is unknown; a specific cause of the tarsal tunnel syndrome
(TTS) can only be identified in 60-80% of the patients [24,
31] and has a slight female predominance (56%) [7]. 50%
of the cases are idiopathic with no identifiable cause [13].
Plantar heel pain has a prevalence of 11-15% in adults
with foot problems and it has been seen that up to 88% of
the patients with chronic heel pain have some degree of
nerve compression [2]. Cimino et al., in their review over
186 feet, could show that the most common causes of tar-
sal tunnel syndrome were as follow (in order of incidence):
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idiopathic, traumatic, varicosities, heel varus, fibrosis,
heel valgus, ganglion, diabetes, obesity, tight tarsal canal,
hypertrophic abductor hallucis muscle, rheumatoid arthritis,
lipoma, anomalous artery, acromegaly, ankylosing spondyli-
tis, regional migratory osteoporosis and the flexor digitorum
longus muscle [7]. According to Sammarco et al., the most
common findings in 72 patients with positive electrodiag-
nostic studies were: scar, vascular leashes and varicosities,
accessory flexor digitorum longus muscle, tight fascias, bony
exostosis, neuroma, the retinaculum and ganglions [2]. For
Takakura et al., the most common causes were ganglion,
tarsal coalition, idiopathic, trauma and tumors [50].

When an idiopathic diagnosis for a TTS has been made,
many authors have attributed the etiology to a fibrosis and
thickening of the flexor retinaculum (FR), leading to an
increase of the tube pressure [12, 14, 32, 39, 47]. This fascial
structure, also called medial annular ligament or lacinate lig-
ament is formed by two layers, a superficial and a deep layer,
with a proximal anteriorly oriented apex and an inferior base
along the superior border of the abductor hallucis muscle.

The deep sling of the FR inserts on the anterior aspect
of the medial malleolus, after running deep to the tibialis
anterior tendon and inserts on the deep sling of the superior
extensor retinaculum. The posterior border of the FR extends
from the tip of the medial malleolus to the posterior—supe-
rior aspect of the calcaneus medially. The deeper layer cov-
ers medially the tibialis posterior tendon (TP), flexor digito-
rum longus (FDL) and flexor hallucis longus (FHL) muscle
and inserts in the upper medial surface of the posterior tuber-
osity of the calcaneus, while the superficial one envelope the
lower third of the calcaneal tendon medially. Between those
two layers of the FR lies the tibial neurovascular bundle [23].

The normal pressure of the tarsal tunnel, according to
Trepman et al., is about 2+ 1 mmHg in mild plantar flex-
ion and neutral eversion/inversion. The pressure increased
to 32+ 5 mmHg in full eversion and 17 +5 mmHg in full
inversion [53]. Rosson et al. validated the hypothesis that
patients who received a diagnosis of a tarsal tunnel syn-
drome had higher tunnel pressures; with these structures
released, the pressure immediately decreased [44]. For
decompression of the proximal tarsal tunnel, there exist
many surgical procedures since the very first description of
the tarsal tunnel syndrome. All of those techniques were
described as an open surgical procedure, which demon-
strated functional improvement in those patients with symp-
toms severe enough to require surgery [45]. Nevertheless,
there have been described complications after open proce-
dures that could result in wound dehiscence, infections and,
most important, fibrotization of the tissues. More recently,
it has been described a minimally invasive proximal tarsal
tunnel release [9, 15] performed in a selective cluster of
patients which has demonstrated reductions in complica-
tions compared to open procedures; until now, there is no
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ultrasound-guided, ultra-minimally invasive sonosurgery
technique described. Our hypothesis, to release the superfi-
cial layers of the FR, between the FDL tendon and the neuro-
vascular bundle within the 4 cm of this fascial structure [12],
could decompress the neurovascular bundle with improve-
ments in a selected cluster of patients, which suffer of a TTS.

Thus, the aim of this study is to prove the effectiveness
and safety of an ultrasound-guided ankle and foot decom-
pression surgery technique for a proximal tarsal tunnel
release (UGAFDS).

Materials and methods

The individuals had given their written informed consent
prior to death for their use for scientific and educational
purposes. According to National Law, scientific institutions
(in general Institutes, Departments or Divisions of Medi-
cal Universities) are entitled to receive the body after death
mainly by means of a specific legacy, which is a special
form of last will and testament. No bequests are accepted
without the donor having registered their legacy and been
given appropriate information upon which to make a deci-
sion based upon written informed consent (policy of ethics);
therefore an ethics committee approval is not necessary [26,
34].

For this “in vitro” study, we performed an US-guided
surgical approach on 10 fresh-frozen feet (6 male, 4 female),
which belong to the Body Donation Centre of the Com-
plutense University of Madrid, Spain. We dissected the
medial ankle region to evaluate the effectiveness and safety
of the technique. All important structures could be protected;
the FR could be released completely.

The exclusion criteria for this study were: BMI above 30
(impaired US echogenicity), sings of trauma of the ankle
region, a history of ankle or foot ischemic vascular disor-
ders, surgery or space mass occupancy injuries.

Foot position, ultrasonographic anatomy
and “STEP-BY-STEP” approach

All feet examined were positioned in decubitus supine posi-
tion (the so-called “frog-leg position™), with a slight dorsi-
flexion of the ankle.

The normal US-imaging of the FR was obtained in an US
long axis at the DM-line, appearing as a hyperechoic fibril-
lary structure with less than 1 mm of thickening in normal
patients [54].

An anatomic overview of the medial ankle region includ-
ing the important landmarks is shown in Fig. 1a, b.

The “Step-by-Step” approach of the ultrasound-guided
decompression surgery for the proximal tarsal tunnel syn-
drome was carried out as follows:
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Fig.1 a Anatomical dissection of the tibial nerve and its branches
running in the TT.  Tibial nerve, mpn medial plantar nerve, lpn
lateral plantar nerve, bn Baxter nerve, mcb medial calcaneal branch,
ms medial intermuscular septum, red arrows: nerves entering sepa-
rated tubes. b The red circles show the landmarks to sketch the flexor
retinaculum; the black lines show the DM-line and the lines +2 cm
(proximal and distal) to the DM-line; the yellow sketched lines show
course of the tibial nerve with its branches; the white lines show
the courses of the posterior tibial and the flexor digitorum muscles.
(Color figure online)

Step I The equipment used performing the UGAFDS for
the proximal tarsal tunnel release were as follows (Fig. 2):
High frequency ultrasound with 13 MHz (General Electric
Logic R7), 20-gauge needle and a syringe of 10 cc, V-shape
gouges of 1, 2, 3 mm, a hooked knife and a buttoned probe.

Step 11 Before performing the surgical technique, we
defined the landmarks and performed the US measures
(Fig. 3a—d): At first, we drew the DM-line and the lines 2 cm
proximal and distal to the DM-line and examined the surgi-
cal portal with the US. Subsequently, we marked the points

where the branches of the TN crossed those three lines, put-
ting the US probe over the three lines, examining the nerves
in the short axis and drew a line through these points mark-
ing the course of the nerves on the skin.

With the same US procedure, we marked a point for each
of those lines, drew a line through these points so that one
can visualize on the skin the course of the instruments for a
safe surgical US-guided procedure (Fig. 4).

Step I1I The next step consists of introducing a 20-gauge
needle previously curved at 90° at the proximal part from
the proximal point of our “surgical line” previously drawn.
With the 20-g needle we performed the US-guided hydrodis-
section, at the same time performing US pictures at the three
DM lines to make sure that we could increase the surgical
approach.

Step 1V Using the needle as a guide, under continued
US-guidance we introduced the V-shape gouge of 1 mm,
followed by the two V-shape of 2 mm gouge from the same
portal to enlarge the “working space” to insert the hooked
knife.

Step V We created a safe channel that allowed us to intro-
duce a 3-mm hooked knife with the blade rotated towards the
flexor digitorum longus, to minimize every possible danger-
ous contact with the nerve-vessel bundle. Once we had the
tip of the hooked knife at the 2 cm distal line from the DM-
line, we rotated the hook towards the flexor retinaculum,
performing the retrograde cut under US guidance.

Figure 5 summarizes our surgical approach with five easy
steps; Fig. 6 shows the final result.

After finishing the surgical approach, we performed an
US proof to be sure the whole flexor retinaculum has been
cut. Additionally, also under US guidance, we inserted
a probe (buttoned probe) in the surgical canal pushing it
towards the skin for another proof of a total decompression.

During the surgical approach, at the first step (land-
marks—US measures), we scanned all the feet without find-
ing any morphological alteration in the tunnel or any injury
due to space occupation or anatomical alteration. When we
check that everything is correct in the ultrasound scan, we
drew the marks with a dermographic pencil. Within the next
step (hydrodissection), with a 20-gauge needle, we inserted
it proximal to the flexor retinaculum, in the short US axis,
assuring us that we are in the surgical entry point (between
the flexor digitorum longus and the nerve-vessel bundle).
We inserted the saline, while we see how the bundle moved
away and we made a wider and safer surgical entry point.
In all feet examined, we could confirm that space increased
and the bundle moved away.

The next step (the US-surgical procedure), without
removing the needle from the hydrodissection, we inserted
the V-shapes in increasing order, taking care to follow the
guide, performing the perforations at the same point. We fol-
lowed introducing the hooked knife 4 cm along the working
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Fig. 2 Instruments for the
UGAFDS approach; ultrasound
device; dissection material;

20 gauge needles, syringe;
V-shape; hook knife

I DELLON AXIS

MEDIAL LATERAL 2.0

2 CM DISTAL DELLON AXIS

2 CM PROXIMAL DELLON AXIS

2.0
MEDIAL LATERAL MEDIAL

LATERAL

Fig.3 a—d The US pictures were taken 2 cm proximal and distal of FDL flexor digitorum longus; V posterior tibial veins and perforating
the DM-line and directly at the level of the DM-line; the red circles vein at the 2 cm distal Dellon line, A posterior tibial artery, TN tibial
are landmarks visualizing the flexor retinaculum; The yellow head nerve, MPN medial plantar nerve, LPN lateral plantar nerve, FHL
arrow mark the surgical portal at the US pictures; TP tibial posterior, flexor hallucis longus muscle. (Color figure online)
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Fig.4 Red circles show the landmarks to sketch the flexor retinacu-
lum; the yellow lines represent the tibial nerve and its branches; the
instrument is the hooked knife over the surgical portal. (Color figure
online)

space, with the cutting edge looking to the flexor digitorum
longus muscle, finally turned it upward and made the ret-
rograde cut preserving the perforating veins, skin and all
important structures (Figs. 6, 7a, b).

Fig.5 The new surgical
approach is summarized in

five easy steps: the STEP I:
take the material; STEP II:
perform a US scanning of the
tarsal tunnel; STEP III: make
the US-hydrodissection with
the 20 gauge needle and the
syringe; STEP IV: using the
needle as a guide, we introduce
the V-shapes in increasing order
of size; STEP V: with the hook
knife, we make the release of
the flexor retinaculum

STEP |

Enlarge the surgical
approach by V-
shapes instruments

a

STEP IV

Results

The median average duration of the procedure, including all
the surgical approach, was approximately of 15 min +3 min,
decreasing in time for each procedure due to the learning
curve.

In all 10 feet examined the osseus landmarks were clearly
identifiable, despite 4/10 feet got a BMI between 25 and 30.

In the pre-surgical scanning, we were able to identify the
TN and all its branches in all ten subjects.

The median anatomical US measure of the FR of our 10
specimens was 0.83 mm.

The mean length of the incision was 2.5 mm (0.5 mm)
within the cluster of 10 feet, so that we were able to catego-
rize our approach as an “ultra-minimally invasive surgery”.

After dissection by a senior anatomist with more than
10 years of experience, we measured the cut at the FR with
a measure of 4 cm+3 mm.

Our results on 10 feet (six male and four female) showed,
that it is a safe technique to perform the release of the flexor
retinaculum without damaging important structures. For
reducing and minimizing possible complications it is impor-
tant to always be under US-guidance during the cut and to
cut the flexor retinaculum without damaging superficial
veins, the subcutaneous tissue or the skin.

Discussion

To get a better diagnosis and treatment of the tarsal tun-
nel syndrome, it is indispensable to know the normal
tibial nerve anatomy and all branching patterns even of

Instruments STEP Il
v
STEP V
Make the US scanning of PTT

retrograde cut.

US-hydrodissection STEP IlI
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Fig.6 Red circles are the landmarks to sketch the flexor retinaculum;
after the minimally approach and dissections one can see the result
cutting the whole flexor retinaculum at the proximal tarsal tunnel.
(Color figure online)

Fig.7 a Shows an anatomical dissection with the constant perforating
vein; in b the sketch shows both a constant and an inconstant perfo-
rating vein and their location

all small branches. Due to the complex topography of the
TN branches within the tarsal tunnel in relation with all
the osteofibrous structures, the presurgical US—scan-
ning plays an important role of the management of this
overlooked syndrome. For example, own investigations
showed that the medial calcaneal nerve (MCN) in 40% of
the cases branches off proximal to the tunnel and in other
25% two MCN can arise from the TN, one running within
the tunnel, the other one not. Such relevant findings are
of crucial importance for all surgical procedures in this
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area [12]. It could be shown that there is no safe zone at
the medial aspect of the calcaneus for “blind” surgical
techniques [21].

Ultrasound is an imaging technique, which is currently
growing enormously in musculoskeletal (MSK) disorders.
It is not only used as a diagnosis device, but also for MSK
treatment, both for invasive and surgical [5, 40-42, 49].
Modern ultrasound devices are a very useful tool, which
nowadays allow us to identify different and even small nerve
branches with a great anatomic variability [19]. We already
demonstrated in the first part of our study series, that ultra-
sound is a very useful tool, especially in the ankle and heel
region. By defining an algorithm for ultrasonographic rou-
tine implementation, we presented an easy to follow method
to locate all important topographic structures of the medial
ankle region.

According to Nagaoka et al., as a diagnostic imaging
technique for the tarsal tunnel syndrome, High Resolution
Ultrasound (HRUS) is also useful for identifying space-
occupying lesions [36]. It is highly recommended to per-
form routinely US in patients with a tarsal tunnel syndrome
[36, 37].

Tawfik et al. postulated, that high resolution ultrasound
is a good tool for the diagnosis of a tarsal tunnel syndrome
[52]; they proposed using US to measure the “cross-sec-
tional area” with good results in sensitivity and specificity;
nevertheless there are more studies needed for confirmation
[1]. Alshami demonstrated that the intra- and inter-provider
reliability was excellent in measuring nerves through US
with tiny measurement errors, and one has to keep in mind
that a side-to-side difference as small as ~ 1.8 mm? has been
seen to be meaningful in an individual patient. This differ-
ence is much smaller than the swelling reported in the lit-
erature for patients with tibial neuropathy [2].

The “Gold Standard” test to diagnose the carpal tunnel
syndrome is the electromyography (EMG) although physi-
cians need to evaluate any mass occupying space. In con-
trast, in the literature it has been estimated that the EMG
only can identify the tarsal tunnel syndrome in 50-80% of
the cases, in the remaining 30-50% of the cases it is diag-
nosed as idiopathic and the etiology is thought to be attrib-
uted to osteo-fibrous structure issues [13, 31, 38, 46].

Currently, in the most of the cases, clinicians are used
to diagnose a TTS basing on symptoms, orthopedic tests
and EMG [7]. The pain is usually characterized as burning,
sharp, shooting, shock-like, electric, in nature localized or
radiating either proximally or distally, worsening through
the day, also occurring with rest and in non-weight bearing
positions [4, 18].

Other sign is the post-static dyskinesia, especially with
the very first steps in the morning such as for plantar fascio-
pathy, and that is why the diagnosis could be so misleading
[20].
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Paresthesia and neurological changes are other signs
that Kinoshita et al. found mostly in MPN than in LPN
[25]. Moreover, those signs are not common in the entrap-
ment of the first branch of lateral plantar nerve (in litera-
ture also known as Baxter’s Nerve), because of its nature
as a motor nerve [2].

Dorsiflexion—eversion test is another orthopedic
relevant test for tarsal tunnel syndrome, according to
Kinoshita et al. [25]. This test reproduced or aggravated
the symptoms in the majority of patients (36 of 44 feet)
because it has been seen that this position dramatically
increases the tension at the tibial nerve [8]. Passive plantar
flexion—inversion test may reproduce or aggravate symp-
toms increasing pressure on the tibial nerve at the tarsal
tunnel [2]. Furthermore, there are many neurodynamic
tests less known that can be performed as complementary
tests for the diagnosis of a tarsal tunnel syndrome [6, 48].

Rose et al. and Tassler et al. in their studies highlight
the importance of sensory testing, to investigate sensory
dysfunctions in patients with plantar heel pain or tarsal
tunnel syndrome [43, 51].

The Tinel test has been shown to be one of the clinical
tests with great accuracy, eliciting pain when the nerves
are submitted to acute or chronic compression [11, 17].

According to Watson et al. surgery is considered after
12 months of conservative treatment; the American Ortho-
paedic Foot and Ankle Society itself recommend a non-
operative treatment for 12—18 months [55].

Some authors use the procedure described by Lam and
Watson et al., in which both tunnels should have been
released, the proximal and distal tarsal tunnel. In their
study, it has been highlighted the importance of a decom-
pression of the tarsal tunnel until 1 inch distally to the sole
of the foot [30, 55].

Mann et al. recommend starting the incision 10 cm
proximal to the distal tip of the medial malleolus and 2 cm
dorsal to the posterior margin of the tibia [33]. Antoniadis
et al. said that the surgical approach consists in decom-
pression of the TN and its branches over a long segment,
from the lower third of the calf proximally down to the
distal medial portion at the sole of the foot [3]. Further-
more, Wieman et al. described an incision 5 cm above
and 1 cm posterior to the medial malleolus until a point
1-2 cm below and 2 cm anterior to that [56].

For Gould et al. the incision has to begin proximal to
the flexor retinaculum and continues up to three quarters
of the sole of the foot transversally crossing [16].

A lot of described techniques focus on releasing the
flexor retinaculum and the deep fascia of the abductor hal-
lucis muscle and also, if needed, to perform a neurolysis
of the tibial nerve and its branches [3, 28, 30, 35, 44, 56].
It also could be shown that the release of the proximal and

distal tarsal tunnels improves nerve conduction and creates
hemodynamic changes [24, 44].

In our study we described, for the first time, a minimally
invasive, ultrasound-guided ankle and foot decompression
surgery (UGAFDS) technique for the proximal tarsal tun-
nel compartment, which consists of the release of the flexor
retinaculum.

As already previously discussed, there might be many eti-
ological factors which can lead to a tarsal tunnel syndrome,
but often it is not possible to make a diagnosis due to a
macroscopic or well visible cause such as a mass occupying
space or due to a metabolic disease such as diabetes [56].
Therefore, a release of the flexor retinaculum reducing the
intracompartmental pressure has been described to be the
main surgical goal [22]. Thus, future clinical studies are nec-
essary to ascertain all the causes of a tarsal tunnel syndrome
to provide evidence-based treatments.

According to Sammarco et al., the most common find-
ings resulting in tarsal tunnel syndrome were scars, vascular
leashes and varicosities, therefore, our described technique
of minimizing surgical damages might be important [45].
92 patients with a carpal tunnel syndrome operated by an
ultra-minimally invasive procedure got the same neurologic
recovery with earlier functional return and less postoperative
morbidity as mini-open carpal tunnel release [40].

In relation to the carpal tunnel and ultrasound-guided sur-
gery, there are promising data that shed new lights over the
sono-surgical releases of the nerves such as UGAFDS. The
tarsal tunnel s topography is different compared to the carpal
tunnel; the tarsal tunnel is anatomically more complicated,
it contains neurovascular bundles with difficult branching
patterns, more osteo-fibrous tubes; it is influenced by weight
bearing, biomechanics and footwear.

During the release of the flexor retinaculum with our
UGAFDS approach, one has to keep in mind that, especially
for not trained US-users, tools such as power doppler are
crucial to visualize perforating veins to avoid accidental cuts
[29].

However, we advocate that biomechanics of the foot and
lower extremities play an important role in the tarsal tun-
nel syndrome. Precisely, dynamic pressure measurements
in closed kinetic chain should be investigated, to get a bet-
ter comprehension of the pathophysiological mechanisms
involved in this issue.

Conclusion

The results of our anatomic study indicate that our new mini-
mally invasive, ultrasound-guided ankle and foot decom-
pression surgery technique (UGAFDS) for the release of
the flexor retinaculum (laciniate ligament) at the proximal
tarsal tunnel is an effective, safe, quick and less expensive
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technique to treat selected patients with proximal tarsal tun-
nel syndrome. This technique reduces damage of the soft
tissue and might therefore avoid scars and tissue fibrosis
and minimizes the postoperative complications as seen in
open surgery.
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