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Introduction

The tarsal tunnel syndrome (TTS) is the most

common form of entrapment neuropathy of the

tibial nerve, and compression neuropathy of the

posterior tibial nerve and its branches (medial or

lateral plantar nerve) under the flexor retinacu-

lum behind and below the medial malleolus of the

ankle. No population-based study exists to deter-

mine the incidence or prevalence of TTS. The

most common cause of TTS is idiopathic. The

common symptoms of TTS are burning pain,

numbness and paresthesia in the sole of the foot.

The pain may worsen, or occur only after pro-

longed standing, walking, jogging, or running.
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Background: Tarsal tunnel syndrome (TTS) is an entrapment neuropathy of the tibial nerve within fibrous tunnel on
the medial side of the ankle. The most common cause of TTS is idiopathic. This is a retrospective study to define the
electrophysiological characteristics of idiopathic TTS. Methods: We reviewed the medical and electrophysiological
records of consecutive patients with foot sensory symptoms referred to electromyography laboratory. Inclusion of
patients was based on clinical findings suggestive of TTS. Among them, patients with any other possible causes of sen-
sory symptoms on the foot were excluded. Control data were obtained from 19 age-matched people with no sensory
symptoms or signs. Routine motor and sensory nerve conduction study (NCS) including medial plantar nerve (MPN)
using surface electrodes were performed. Result: Twenty one patients (13 women, 8 men, 9 unilateral, 12 bilateral)
were enrolled to have idiopathic TTS (total 31 feet). Tinel’s sign was positive in 16 feet (51.6%) of TTS and four feet
(10.5%) in control group. The statistically significant electrophysiological parameter was difference of sensory conduc-
tion velocity (SCV) between sural nerve and MPN. Amplitude of sensory nerve action potential and SCV of MPN were
not different significantly between idiopathic TTS feet and controls. Conclusion: Bilateral development in idiopathic
TTS was more common. Tinel’s sign and difference of SCV between sural nerve and MPN may be helpful for the diag-
nosis of idiopathic TTS. 
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The clinical features of TTS have been described

in detail.1-4 The electrophysiological methods used

to measure distal motor latency and sensory con-

duction velocities in the plantar nerves and the

results of surgical release in TTS vary consider-

ably throughout the literature. In this study, we

retrospectively reviewed clinical and electrophys-

iological features in clinically suspected idiopathic

TTS patients.

Methods

Patients

We retrospectively reviewed the medical and

electrophysiological records of patients who had

referred to electromyography laboratory due to

foot sensory symptoms between 1995 and 2004.

We selected 21 patients with clinically suggestive

of idiopathic TTS. Case inclusion criteria were

based on clinical history and symptoms suggest-

ing TTS. They included any kind of paresthesia or

pain in all or part of the foot supplied by the

plantar nerves. These symptoms may be triggered

or increased by prolonged walking and standing

or at night, and rarely radiated to the calf.

Symptoms may be relieved by rest and removal of

shoes. Possible physical signs included Tinel’s

sign (elicited by percussion just proximal to upper

edge of tarsal tunnel behind medial malleolus),

sensory loss over plantar nerve territory and

weakness, hypotrophy or contractures of the

plantar foot muscles. Patients with any possible

causes of sensory symptoms on the foot, such as

diabetes, rheumatoid arthritis, gout, hypothy-

roidism, back pain and lower lumbosacral herni-

ated intervertebral disc, history of ankle or foot

trauma, were excluded based on medical history,

physical examination, routine blood test and

electromyography (EMG). Also, patients were

excluded if the nerve conduction study showed

peripheral neuropathy inconsistent with TTS.

Body mass index (BMI), which is a good general

indicator of body fat content, was calculated as

weight/height2 (kg/m2). Control data were

obtained from 19 age-matched people with no

sensory symptoms or signs. 

Electrophysiological method

Motor conduction velocity (MCV) of tibial nerve

was performed, stimulating the nerve supramaxi-

mally at the popliteal fossa and above the flexor

retinaculum. Recording surface electrodes

(Ag/AgCl) were placed on the motor point of the

abductor hallucis muscle for the medial plantar

nerve (MPN). Distal motor latency (DML) was

determined at a distance of 10 cm between stimu-

lating (above the flexor retinaculum) and record-

ing points. Amplitude of compound muscle action

potential (CMAPs) was calculated peak to peak.

Maximum MCV was measured from the popliteal

fossa to the medial malleolus. Orthodromic sen-

sory conduction velocity (SCV) was obtained

stimulating the big toe with ring electrodes for

MPN (Fig. 1). Recording surface electrodes were

placed above the flexor retinaculum. Latency was

calculated from the start of the electrical artifact

to the first positive peak of the nerve potential.

Amplitude of sensory nerve action potential

(SNAP) was measured peak to peak. SNAP was

considered absent when no constant potential was

averaged and distinguished from noise after

80~100 stimuli in two successive trials. The SCV

of sural nerve was measured antidromically from

calf to lateral malleolus. The foot skin tempera-

ture was measured at the start of the assessment,

and if lower than 30�C was warmed using warm

water.

The electrophysiological values of each subject
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Figure 1. Position of the stimulating and recording electrode
for sensory nerve conduction of the plantar nerve.



were considered abnormal if they were 2 SD below

or above the mean of age-matched controls. And

it was considered abnormal if it was 8 m/sec

slower than the asymptomatic MPN and/or the

distal SCV of the sural nerve of the same side.5

Statistical analysis for differences in clinical

and electrophysiological data between TTS

patients and the control group was performed

with Chi-square test or Mann-Whitney U test.

Needle EMG of the intrinsic foot muscles inner-

vated by the plantar nerves was not performed.

Results

Twenty one patients, 13 women and 8 men,

were enrolled to have idiopathic TTS. Nine uni-

lateral and 12 bilateral idiopathic TTS (total 31

feet) were included. Two feet were excluded due

to incomplete nerve conduction study. Mean age

of patients with bilateral idiopathic TTS (52±11.1

years) was significantly older than unilateral (44

±8.8 years)(p=0.012). Among idiopathic TTS feet,

Tinel’s sign was positive in 16 feet (51.6%). Four

feet in control group were positive for Tinel’s

sign (10.5%). BMI and low-density lipoprotein

(LDL) were not significantly different between

idiopathic TTS and control group. Control group

was consisted of 19 patients (9 men, 10 women;

mean age, 50±9 years, total 38 feet). Demo

graphic and clinical features were showed in

Table 1. 

Electrophysiological findings

SNAP of MPN was absent in 4 feet (12.9%). All

control group provoked sensory action potential

of MPN. The NCS findings of MPN and difference

of SCV between sural nerve and MPN are shown

in Fig. 2. SCV of MPN was reduced in 5 feet

(16.1%) and amplitude of SNAP of MPN was

reduced in 4 feet (12.9%). Amplitude of CMAP of

MPN was reduced in 8 feet (25.8%), while DML

was delayed in 1 foot (3.2%) and MCV was reduced

in 2 feet (6.5%). Among clinically idiopathic TTS,

the number of foot showing difference of SCV of

more than 8 m/s between MPN and sural nerve

was 11 (35.5%) and between symptomatic MPN

and asymptomatic MPN was 1 (12.5%). In compar-

ison between idiopathic TTS and control group,

findings showing statistical significance were dif-

ference of SCV between sural nerve and MPN

(p=0.04)(Table 2). 

Discussion

The incidence of TTS in the EMG laboratories is

0.4~0.5% of all EMG examinations.5,6 Idiopathic

cases are the most frequent and women are more

often affected than man, although the gender

difference is not as marked as in CTS. Generally,

unilateral idiopathic TTS is more common than

bilateral. TTS may be determined by the direct or

indirect consequences of ankle trauma, intra-

neural ganglion, synovial sarcoma, benign and

malignant tibial nerve neoplasm, retinaculum
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Table 1. Demographic and clinical findings of patients with idiopathic tarsal tunnel syndrome and control group

Idiopathic TTS feet (n=31 feet) Control group (n=38 feet)

Age (year) 50 11.0 50 9.0
BMI (kg/m2)* 22.6 2.06 (n=18) 22.5 2.67 (n=22)
LDL (mg/dL) 124 48.9 (n=10) 117 15.5 (n=8)
Tinel’s sign (p<0.001) 16 (51.6%) 4 (10.5%)

Idiopathic TTS patients (n=21)

Site of symptoms Unilateral (n=9) Bilateral (n=12)
Age (year)(p=0.021) 44 8.8 52 11.1
Duration of symptoms (months) 016 27.3 25 30.2

* BMI, body mass index = weight/height2 (kg/m2)
Chi square test 
Mann-Whitney U test



fibrosis, muscle anomalies, tendon sheath or syn-

ovial cyst, external compression by a cast, ski-

boots or high-heeled shoes and by foot abnor-

malities (pes planus, cavus or rectus). TTS has

also been reported in rheumatoid arthritis, dia-

betes, hypothyroidism, acromegaly, progressive

systemic sclerosis, hyperlipidemia, chronic

thrombophlebitis, chronic venous stasis and some

sports.1,7-9 In our study, idiopathic TTS is more

common in women, but, bilateral idiopathic TTS
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Figure 2. Amplitude of sensory nerve action potential (A), sensory conduction velocity (B) and distal motor latency (C) of medial
plantar nerve and difference of conduction velocity between sural nerve and medial plantar nerve (D) in TTS feet and control group. 

A B

C D

Table 2. Electrophysiological findings in feet with idiopathic TTS and in a control group

TTS (n=31 feet) Control (n=38 feet) p-value

Medial plantar nerve
SCV (m/sec) 39.8 5.2 39.8 3.8 NS
Amplitude of SNAP ( ) 01.7 1.1 01.7 0.8 NS
DML (ms) 03.9 0.6 03.9 0.4 NS
MCV (m/sec) 48.2 3.7 49.4 3.3 NS
Sural nerve
SCV (m/sec) 44.2 3.0 42.7 1.8 NS
Amplitude of SNAP ( ) 20.9 9.0 21.4 7.0 NS
Difference of SCV between sural and MPN (m/sec) 04.6 4.9 02.9 3.3 0.04
Difference of SCV between symptomatic and asymptomatic MPN (m/sec) 3.16 4.87 (n=8) 0.94 0.911 (n=19) NS

SCV, sensory conduction velocity: SNAP, sensory nerve action potential; DML, distal motor latency; MCV, motor conduction veloc-
ity; MPN, medial plantar nerve; NS, non significant

Mann-Whitney U test



is more common than unilateral. Bilateral idio-

pathic TTS patient is significantly older than uni-

lateral idiopathic TTS patients. We thought that

idiopathic TTS may be associated with aging

process. And so, unilateral idiopathic TTS may be

developed to bilateral TTS over time. Hyperc

holesterolemia and BMI were associated to other

entrapment neuropathy, such as idiopathic carpal

tunnel syndrome.10,11 But in idiopathic TTS, BMI

and LDL were not risk factor. The report in the

literature about the sensitivity of Tinel’s sign was

variable. However, Tinel’s sign is not pathog-

nomic of nerve entrapment syndromes, and can

also be elicited in the normal population and in

patients with polyneuropathy.12,13 Our study

showed that Tinel’s sign was more predominant

in TTS patients than in control group. This signs

may be helpful to diagnosis of TTS. 

No international guidelines for clinical and

electrophysiological diagnosis criteria have yet

been published.14 The pathophysiology of TTS may

be similar to that of CTS and indeed a relation-

ship has been demonstrated between idiopathic

CTS and idiopathic TTS.15 Like CTS, in which a

recent review of the literature showed that com-

parative tests of the median/ulnar nerves follow-

ing stimulation of the ring finger had the highest

sensitivity and the second highest specificity,16

comparative tests (digit-malleolus tibial and dis-

tal sural SCVs) emerge as the most sensitive elec-

trophysiological tests in TTS. Mondeli et al.5

found to be able to increase the diagnostic sensi-

tivity to 91% by comparing the NCV from the

unaffected side MPN or distal sural nerve: more

than 8 m/sec difference was considered abnormal.

EMG of the intrinsic muscles of the foot sole may

be useless in TTS. In fact, electromyographic

signs of denervation activity at rest have been

observed in normal feet.17 Great diagnostic cau-

tion is needed if tibial SAP is found to be absent

in subjects over 65 years and SAP of the con-

tralateral unaffected nerve has not been checked,

because SAP of the plantar nerves may be unde-

tectable in healthy, clinically normal, elderly sub-

jects.18,19 A possible explanation of widely debated

incidence of TTS is that electrophysiological eval-

uation of suspected TTS is not simple due to vari-

ous technical difficulties. In this research, differ-

ences of SCV and amplitude between symptomatic

and asymptomatic MPN is not helpful for the

diagnosis of idiopathic TTS. But differences of

SCV between sural and MPN was statistically sig-

nificant, and so may helpful for the electrophysi-

ological diagnosis of idiopathic TTS. The reason

for non-significant difference of SCV of MPN

between idiopathic TTS and control group may be

due that asymptomatic foot may be subclinical

TTS or aging effect to MPN. Response of MPN is

reduced in older age than in younger age.20-22

Due to retrospective character of our study,

there were several limitations. First, only medial

plantar nerve was included because lateral plan-

tar nerve conduction study was not performed.

Second, imaging studies of foot to identify cause

of TTS were not performed, and so other possible

cause for TTS was not completely excluded.

Third, previous report of plantar nerve conduc-

tion study showed variable range of normal for

each age decade.22 But our study included control

group of a relatively wide age range. Fourth,

while pervious study used SCV of distal sural

nerve in comparing NCV, our study used SCV,

was measured from calf to lateral malleolus. 

In conclusion, some observations drawn from

our study using surface electrode are as follows.

First, idiopathic TTS may be associated to aging

process. Second, Tinel’s sign is helpful for diag-

nosis of idiopathic TTS. Third, in the electrophys-

iological evaluation of idiopathic TTS, difference

of SCV between sural nerve and MPN must be

included. 
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