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A Schwannoma tumour located in the posterior
tibial nerve in the tarsal tunnel is extremely rare [1-10],
and hence surgery of this pathology also occurs rarely.
Schwannoma within the foot, causing pain syndrome,
requires differentiation from Morton’s metatarsalgia
[11]. There are several such cases of surgeries during
the 20-year period described in the literature, but intra-
operative monitoring techniques and microsurgery are
still only an option. Due to the anatomical relationship,
nerve vascular supply [12-15] and muscle functions
innervated by the tibial nerve, related to the support,
foot arch, and effect on the movement pattern [16, 17].
The surgical technique should use methods of micro-
surgical dissection and intraoperative neurophysiolog-
ical monitoring in order to ensure safe surgery.

The patient was examined, and he reported a burn-
ing sensation around the medial ankle and plantar
part, tingling and numbness, and a temporary inten-
sified feeling of irritation perceived as an unpleasant
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Figure 1. Tumour in the left medial ankle — sonography
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‘current’. Undertaking sports activities became impos-
sible due to foot support and propulsion impairment.
During examination, Tinel’s sign, superficial defor-
mation near the medial ankle, and perceptible weak-
ening of the foot muscles and sensation was observed.
Imaging diagnostics of the distal part of tibial nerve
was performed: sonography (Figure 1) and magnetic
resonance imaging (MRI) (Figures 2 and 3). The pa-
tient was scheduled for surgery, which was performed
using the microscopy technique under general an-
aesthesia, with monitoring of neurological functions
(Figure 4). The left foot was fixed to stabilise the surgi-
cal field during the performance of motor potentials
and direct stimulation. After the preparation of the
field, an arcuate incision of the skin was performed,
corresponding to the tarsal tunnel route 70 mm long.
During preparation using the microscopy technique,
thinning and defragmentation of the superficial layer
of the flexor retinaculum of the foot, due to a tumour,
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Figure 2. Neurinoma sagittal view (T1 tirm)

was found. On the tumour surface nerve branches
were observed going in the direction of the calcaneal
tuber. Direct stimulation of these branches was per-
formed, and no motor response was observed. These
nerves were taken from the tumour surface, and sub-
sequently the tumour was completely removed and
cut off from the vessels and a small nerve fascicle of
about 1 mm diameter (Figures 5 and 6). Before the tu-
mour cut off, no motor response was observed from
the stimulated nerve fascicle intraoperatively. The tib-
ial artery was located between the midline ankle and
the tumour. Under the tumour, after resection, at the
bottom, the tibial nerve divided into two branches
going into the plantar foot muscles. The branches
were identified using direct stimulation. The surgery
was carried out without peripheral limb ischaemia.
The result of the histopathological examination was
a diagnosis of Schwannoma.

IONM was performed on an ISIS Xpress device,
with NeuroExplorer software, 2019 version. For the
registration of electrical potentials, disposable instru-
ments were used: needle electrodes 15 mm long for
foot muscles and 20 mm for other muscles. All the
above-mentioned electrodes had touch-proof ends.
For intraoperative stimulation (transcranial stimula-
tion) the corkscrew electrodes, also with touch-proof
ends, were used and for peripheral nerve the bifurcat-
ed fork electrodes were also used. During the surgery,
neuromonitoring was applied using different modali-
ties to improve the safety of the surgery and the best
possible identification of the nerve structures. For
this purpose, an EMG received from the muscles was
used: plantar, abductor hallucis, gastrocnemius, sole-
us. During an EMG recording at a slow pace, the record
was analysed from the point of view of the disturbanc-
es, which may indicate mechanical, thermal irritation
of the peripheral nerve. No responses that could prove
a significant mechanical thermal irritation of the nerve
were recorded. An EMG with stimulation, bifurcated,
fork probe, was used (Figure 7), providing electric pa-

Figure 3. Neurinoma horizontal view (T1 tirm)

rameters up to 3.5 mA, obtaining a response from the
abductor hallucis. Motor evoked potentials (MEPs)
were also performed after transcranial stimulation,
with corkscrew implantation points (needles pro-
viding electric current placed subcutaneously) in C3
and C4 in accordance with the international system
10-20 of electrode placement. The amperage was up to
150 mA, and the stimulation was performed using the
groups of five impulses 500 microns wide each and
with 3 ms intervals between them. MEPs obtained
this way were stable during the surgery.

The main anatomical borders for the growth of
Schwannoma (intrinsic cause of compression) in the
tarsal tunnel are the midline ankle and the layers of
the foot flexor retinaculum. The slow growing pro-
cess of a benign tumour in a narrow anatomical space
causes the occurrence of symptomatic tarsal tunnel
syndrome, which is an entrapment neuropathy of the
tibial nerve [7-9]. Due to troublesome neurological
symptoms, the patient is qualified for surgical periph-
eral schwannoma removal [1, 4-10]. The tibial nerve
at the operated anatomical level participates in sen-
sory innervation of the foot plantar side and motor
innervation of the muscles responsible for movement
of the toes within the plantar flexion, support, and
foot arching in an upright position, and maintaining
the foot arch. The range of innervation related to the
posterior part of the tibial nerve is highly significant
and concerns the foot plantar muscles [18]. These in-
volve short and strong muscles, which are divided
into three groups: medial, lateral, and intermediate
eminence. A disturbance of the functions, disruption
of innervation of these muscles, makes normal walk-
ing and sporting activities impossible [10, 16-18].

In the initial phase of an operation, during the dis-
section of a Schwannoma causing tarsal tunnel syn-
drome, we do not precisely know the anatomical rela-
tionships with the main tibial nerve trunk. An initial
identification of the morphology of the tibial nerve
fibres and determination of the fragmentation scope of
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Figure 6. The tumour before removal

the nerve fascicles by a tumour are especially impor-
tant. The application of direct stimulation in an opera-
tion field according to the suggested parameters using
a bifurcated/fork probe makes it possible to precisely
determine the trajectory of the nerve fibres. Due to
the motor innervation range of the tibial nerve and by
maintaining the patient’s physical activity [16, 17], we
should guarantee modern, intraoperative monitoring
of neurological functions. The purpose of the suggested
procedure included in the protocol, is the elimination
of neurological complications that are the consequenc-
es of the performed surgery. Apart from monitoring of
the neurological functions, the application of micro-
surgical techniques during surgery of peripheral nerve
pathologies suggested by us is also significant. Tarsal
tunnel syndrome may also be caused by vascular aeti-
ology [19]; therefore, during decompression, both neu-
rophysiological monitoring and microsurgery tech-
niques are particularly important [8, 19, 20]. A special
aspect involves maintaining vascular supply to avoid
secondary, segmental vascular ischaemia of the distal
nerve trunk [12-15]. The unpleasant disorder result-
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Figure 7. The probe and intraoperative stimulation

ing from vascular damage of the distal part of the tibial
nerve, which can be a consequence of surgery within
the tarsal tunnel, is morbus Haglund, the necrosis of
the calcaneus tuber. A precise microsurgical identifica-
tion of vessels and elimination of surgical techniques
in peripheral limb ischaemia can eliminate such risk.
The operation in peripheral ischaemia makes neuro-
physiological monitoring impossible, and anatomical
details related to the correct identification of arterial
vessels disappear from the operator’s field view. In the
literature calcaneal bone necrosis can also appear be-
cause of the damage of sensory fibres and vegetative
nerves. In our opinion, an appropriate microsurgical
procedure allows us to avoid this. Pathological process-
es within the tarsal tunnel, including other causes —
e.g. of a vascular aetiology, should not be operated un-
der the limb ischaemia.

The proposed procedure allows us to prevent neu-
rological complications concerning foot muscles par-
ticipating in support and movement, as well as disor-
ders of blood supply of the tarsal bone osseous tissue,
which is difficult to treat. In the literature about sur-
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gery of the tarsal tunnel syndrome involving decom-
pression of structures, the monitoring and microsur-
gery procedures were rarely used. We found just a few
papers concerning intraoperative monitoring within
the tarsal tunnel [20]. The issue of extended neuro-
physiological monitoring in peripheral nerve tumour
surgery and other pathologies is rarely discussed; the
same refers to the application of microsurgical proce-
dures [19-21].

The tarsal tunnel is fragile anatomical region.
The vascular supply and the range of innervation re-
lated to the distal part of the tibial nerve are highly
significant and concern the foot plantar muscles.

The discussed method of peripheral nerve tumour
surgery involving the microsurgical technique and
intraoperative monitoring should be a standard of
surgical treatment.

Conflict of interest

The authors declare no conflict of interest.

References

1. Albert P, Patel ], Badawy K, Weissinger W, Brenner M, Bour-
hill I, Parnell J. Peripheral nerve schwannoma: a review
of varying clinical presentations and imaging findings.
J Foot Ankle Surg 2017; 56: 632-637.

2. Jha AJ, Basetty CR, Viner GC, Tedder C, Shah A. Posterior
tibial nerve schwannoma presenting as tarsal tunnel syn-
drome. Cureus 2019; 11: e5303.

3. Boya H, Ozcan O, Oztekin HH. Tarsal tunnel syndrome
associated with a neurilemoma in posterior tibial nerve:
a case report. Foot 2008; 18: 174-177.

4. Hallahan K, Vinokur J, Demski S, Faulkner-Jones B, Giu-
rini J. Tarsal tunnel syndrome secondary to schwannoma
of the posterior tibial nerve. ] Foot Ankle Surg 2014; 53:
79-82.

5. Milnes HL, Pavier JC. Schwannoma of the tibial nerve
sheath as a cause of tarsal tunnel syndrome: a case study.
Foot 2012; 22: 243-246.

6. Watanabe K, Fukuzawa T, Mitsui K. Tarsal tunnel syndro-
me caused by a schwannoma of the posterior tibial nerve.
Acta Med Okayama 2018; 72: 77-80.

7. Miranpuri S, Snook E, Vang D, Yong RM, Chagares WE.
Neurilemoma of the posterior tibial nerve and tarsal tun-
nel syndrome. ] Am Podiatr Med Assoc 2007; 97: 148-150.

8. Rajasekaran RB, Shanmuganathan R. Schwannoma of the
posterior tibial nerve presenting as tarsal tunnel syndro-
me: a case report with emphasis on the role of microscope
during surgery. Case Rep Orthop 2018; 2018: 4704362.

9. Takakura Y, Kitada C, Sugimoto K, Tanaka Y, Tamai S.
Tarsal tunnel syndrome: causes and results of operative
treatment. ] Bone Joint Surg Br 1991; 73: 125-128.

10. Tladi M]J, Saragas NP, Ferrao PN, Strydom A. Schwanno-
ma and neurofibroma of the posterior tibial nerve presen-
ting as tarsal tunnel syndrome: review of the literature
with two case reports. Foot 2017; 32: 22-26.

11. Carpintero P, Gascén E, Abad JA, Ruza M. Foot schwanno-
mas that mimic nerve-entrapment syndromes: a report of
three cases. ] Am Podiatr Med Assoc 2006; 96: 344-347.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Jarostaw Andrychowski, Dorota Koziet, Beata Szczepanowska-Wolowiec, Krzysztof Dziegiel

Flanigan DC, Cassell M, Saltzman CL. Vascular supply of
nerves in the tarsal tunnel. Foot Ankle Int 1997; 18: 288-
292.

Kosiyatrakul A, Luenam S, Phisitkul P. Tarsal tunnel syn-
drome associated with a perforating branch from poste-
rior tibial artery: a case report. Foot Ankle Surg 2015; 21:
e21-2.

Manske MC, McKeon KE, McCormick JJ, Johnson JE,
Klein SE. Arterial anatomy of the posterior tibial nerve in
the tarsal tunnel. ] Bone Joint Surg Am 2016; 98: 499-504.
Yang Y, Du ML, Fu YS, Liu W, Xu Q, Chen X, Hao Y],
Gao MJ. Fine dissection of the tarsal tunnel in 60 cases. Sci
Rep 2017; 7: 46351.

Riddick R, Farris DJ, Kelly LA. The foot is more than
a spring: human foot muscles perform work to adapt to
the energetic requirements of locomotion. J R Soc Interfa-
ce 2019; 16: 20180680.

Rojhani-Shirazi Z, Amiri Z, Ebrahimi S. Effects of plantar
flexor muscles fatigue on postural control during quiet
stance and external perturbation in healthy subjects.
J Biomed Phys Eng 2019; 9: 233-242.

Torres ALG, Ferreira MC. Study of the anatomy of the tibial
nerve and its branches in the distal medial leg Acta Ortop
Bras 2012; 20: 157-164.

Kohno M, Takahashi H, Segawa H, Sano K. Neurovescu-
lar decompression for idiopatic tarsal tunnel syndrome:
technical note. ] Neurol Neurosurg Psychiatry 2000; 69:
87-90.

Still GP, Pfau ZJ, Cordoba A, Jupiter DC. Intraoperative
nerve monitoring for tarsal tunnel decompression: a sur-
gical technique to improve outcomes. ] Foot Ankle Surg
2019; 58: 1203-1209.

Sasaki H, Nagano S, Yokouchi M, Setoguchi T, Shimada H,
Yamamoto T, Ishidou Y, Komiya S. Utility of intraoperative
monitoring with motor-evoked potential during the surgi-
cal enucleation of peripheral nerve schwannoma. Oncol
Lett 2018; 15: 9327-9332.

Address for correspondence:

Prof. Jarostaw Andrychowski MD, PhD, DSc
Collegium Medicum

Jan Kochanowski University

ul. Zeromskiego 5, 25-369 Kielce, Poland
Phone: +48 501 121 757

E-mail: j.andrychowski@wp.pl

Medical Studies/Studia Medyczne 2020; 36/3



