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                    Abstract 
 

Background:  Tarsal tunnel syndrome (TTS) is a common clinical entity. Intricate 

symptomatology can make diagnosis difficult. 

Aim:  To provide the overview of different diagnostic techniques available for 

clarifying the diagnosis of TTS and to discuss the effectiveness and accuracy of 

the various tests based on the information found in this research. 

Method:  A literature search was undertaken. This study reviewed the recently 

published reports about the most commonly used diagnostic tests in TTS with 

respect to its anatomy, aetiology, pathophysiology and clinical presentation. 

The presented literature was analysed.  

Results : There hasn’t been found any data to show evidence for efficacy of one 

test over another, because of the absence of high-quality research with 

randomized controlled trials (RCT) to compare the accuracy of different diagnostic 

modalities.  

Conclusion:  Taking in consideration contemporary concepts of the 

pathophysiology of chronic nerve compression and complexities in anatomy of the 

posterior tibial nerve it is possible to suggest that there is no single test to 

diagnose TTS. Further research is needed into the effectiveness of diagnostic 

strategies in detecting this challenging condition. 
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    1. Introduction 

Purpose of study 

This review has been done to provide clinicians with an overview of the most 

recently published information about diagnostic techniques in tarsal tunnel 

syndrome (TTS).  The purpose of the review is to improve the understanding of 

TTS with respect to its anatomy and pathophysiology, and allow practitioners to be 

brought up to date about existing diagnostic tools. 

 

Rationale 

Tarsal tunnel syndrome (TTS) is a compression neuropathy in which there is 

entrapment of the posterior tibial nerve or one of its distal branches. A wide variety 

of professions including Podiatry, Medicine, Nursing, Sport Medicine and 

Physiotherapy deals with this disorder. It is a condition that has been largely 

overlooked, misdiagnosed, and neglected in the past as a potential cause of pain 

in the foot and distal peripheral neuropathy (Franson and Baravarian, 2006; Lau 

and Daniels, 1999, Kinishita et al., 2001; Havel et al., 1988; Trott, 1974). Gorter et 

al. (2001) in their study found that the most common incorrectly diagnosed foot 

problem by general practitioners was TTS (74%). The most often suggested 



management was referral to a podiatrist. 

  

The tarsal tunnel is an area of anatomic narrowing caused by tight filamentous 

structures. A great variability of the distribution of the posterial tibial nerve in the 

tarsal tunnel (Havel et al., 1988; Dellon et al., 2002; Bilge et al., 2003), which was 

investigated in the last two decades, can explain the wide range of clinical 

presentations. Signs and symptoms vary from individual to individual (Reade et al., 

2001; Franson and Baravarian, 2006). 

 

What causes TTS? A wealth of literature exists regarding the causes of TTS, and 

they all seem to have a similar effect on the nerve: local ischemia or axonal 

demyelination (Franson and Baravarian, 2006; Novak and Mackinnon, 2005). Lau 

and Daniels (1999) estimated that the specific cause could be identified only in 60-

80% of cases. TTS may occur when the contents of the tunnel are compressed 

either intrinsically or extrinsically (Franson and Baravarian, 2006). There is no 

definitive aetiology; different factors can contribute to this disorder: biomechanical, 

idiopathic, space-occupying lesions (soft tissue and bony masses), metabolic 

disorders, and trauma (Lau and Stavrou, 2004).  

 

What is the best diagnostic test used in identifying this condition? The diagnosis of 

TTS is primarily based on the patient’s history combined with the clinical 

examination. The astute clinician must include a focus on the tibial nerve and 

endeavour to adopt a clinically based diagnostic elimination plan to rule out the 

potential causes of the patient’s complaint.  Several diagnostic modalities were 

reviewed in this study: the tourniquet test, Tinel sign, neurologic evaluation, 

electrodiagnostic or radiologic studies, neurodynamic testing and diagnostic 

injections (Mahan et al., 1996; Franson and Baravarian, 2006). 

 Evidence is limited to show the efficacy of any one test over another, but there are 

some studies that suggest the most suitable test for certain levels of nerve injury 

and suspected aetiology.  

 



How will this research be conducted? 

The literature review will be done for this undergraduate research. It includes 

reviewing key papers and comparing their findings. All articles which attempt to 

provide information about the diagnostic modalities, that are available for 

establishing diagnosis of Tarsal Tunnel Syndrome (TTS), will be presented and 

discussed. The results of this research will be analysed and clinical 

recommendations reported. For a more detailed research strategy see Chapter 3 – 

Methodology. 

 

Aims 

The aims of this research are to provide an updated overview of the variety of 

diagnostic techniques available for the diagnosis of TTS and to discuss their 

accuracy and the efficacy of any one test over another. 

Research Question 

What diagnostic tests are available for establishing or confirming the diagnosis of 

Tarsal Tunnel Syndrome (TTS) and which of them is more accurate and should be 

suggested for use in clinical practice? 
 

 

 

 

 

 



 

 

 

 

 

 

2. Background literature  

In this chapter at first will be given an overview of the history and anatomy of 

Tarsal tunnel Syndrome (TTS), and then the main concepts of different aetiologies 

based on the recent research done in this area. Finally, the reader will review the 

clinical signs and symptoms of TTS. In the author’s opinion, deep understanding of 

all aspects of this disorder might be extremely beneficial in choosing the right 

diagnostic strategy in the management of this condition. 

 

 2.1 Definition 

Tarsal tunnel syndrome (TTS) is defined as an entrapment of the posterior tibial 

nerve and its branches at the level of the ankle under the flexor retinaculum 

behind the medial malleolus (Raikin and Minnich, 2003; Fig.1).  

 

     Fig.1 Tarsal Tunnel Syndrome  (Available from: http://www.heel-that-    



               pain.com/images/tarsal_tunnel.jpg [Accessed 2nd March]) 
 

 

 

2.2 History 

TTS earned its name by the anatomical location. It was first described by Kopell 

and Thompson in 1960 as an entrapment neuropathy of the posterior tibial nerve 

and associated branches. Later, in 1963, Kesk and Lam independently used the 

term “tarsal tunnel syndrome” to describe this phenomenon. Since that time TTS 

has become one of the most written about and discussed foot and ankle 

pathologies. However, it often remains somewhat elusive in regard to diagnosis. 

The actual incidence of the syndrome is not known, but it suggests a slight female 

predominance (Jakson and Haglund, 1991; Cimono, 1990; Lau et al., 1999). 

 

2.3 Anatomy 

The anatomy of the tarsal tunnel is the key to understanding this disorder (Lau and 

Stavrou, 2004). According to Heimkes et al. (1987) the tarsal tunnel consists of the 

proximal part, which contains the tibial nerve, and distal part, containing branches 

of the tibial nerve. The tarsal tunnel is the continuation of the deep posterior 

compartment of the leg and leads to the plantar surface of the foot. The proximal 

tarsal tunnel is a fibro-osseous structure that is located behind the medial 

malleolus. The osseous floor is formed by the medial surface of the talus, 

sustentaculum tali, and medial wall of the calcaneus. The fibrous roof is the flexor 

retinaculum or otherwise known as the laciniate ligaments (Fig.2). 

 



 Fig.2 Flexor retinaculum extending from medial malleolus to medial     
          side of calcaneus (Available from:     
          www.aafp.org/afp/20040715/332_f1.jpg [Accessed 2nd March]). 
 

 

 

The flexor retinaculum is the thickened fan-shaped continuation of the superficial 

and deep aponeurosis of the leg on its posterior border. Its anterior border is 

continuous with the dorsal aponeurosis of the foot. The base of the flexor 

retinaculum corresponds to the superior border of the abductor hallucis. The 

continuation of the flexor retinaculum proximally and distally makes it difficult to 

define its borders accurately (Havel et al., 1988). The contents of the proximal 

tarsal tunnel are: the tibialis posterior tendon, flexor digitorum longus tendon, 

posterior tibial artery, tibial nerve, and the flexor hallucis tendon (Fig.2). Each 

tendon and the neurovascular bundle lie in a separate fibro-osseous compartment 

between the flexor retinaculum and periosteum of the calcaneus. Derived from L4-

S3, the tibial nerve is the larger of the two terminal branches of the sciatic nerve. 

Travelling deep within the posterior compartment of the leg the tibial nerve 

descends towards the foot and runs posteriorly to the medial malleolus under the 

flexor retinaculum. Branching of the nerves is variable; usually three nerves arise 

from the tibial nerve: the medial calcaneal nerve(s), the medial plantar nerve, and 

the lateral plantar nerve (Fig.3). 



 

Fig.3 Medial view of the ankle illustrating the cou rse of the      
          posterior tibial nerve through the tarsal  tunnel (Available from: 
          www.aafp.org/afp/20040715/332_f2.jpg [Accessed 2nd March]). 
 

 

 

Usually the medial calcaneal nerve arises from the tibial nerve itself (69%-90%), 

but sometimes it arises from the lateral plantar nerve (Havel et al., 1988). Havel et 

al. dissected 68 cadaver feet to define the variations of nerve branching. They 

described nine different branching patterns for the medial calcaneal nerve. A 

single branch was seen only in 79% of feet, and multiple branches were seen in 

21%. Origin from the tibial nerve proximal to the tunnel occurred in 35%. The tibial 

nerve ends by bifurcating into the medial and lateral plantar nerves. Havel et al. 

found that the bifurcation of the tibial nerve occurred within the tarsal tunnel 93% 

of the time. In the remaining 7% of feet, the bifurcation occurred proximal to the 

tarsal tunnel. These variations may explain the variability in objective 

presentations of TTS. Havel et al. considered that a high bifurcation of the tibial 

nerve might increase the volume of neural tissue within the tunnel, and in turn 

might be a predisposing factor in TTS. 



  

In 2003 Bilge et al. performed a cadaver study (50 human feet) about the level of 

the bifurcation of the tibial nerve. The authors discovered neither high division nor 

proximal bifurcation of the nerve. However, 84% of the bifurcations were more 

proximal above the reference axis within the tarsal tunnel. 

 

Dellon et al. (2002) did an anatomical study dissecting living tissue during 

decompression for TTS in 85 feet. They presented twenty one different branching 

patterns for the medial calcaneal nerve; in 22% of the feet, at least one calcaneal 

nerve originated proximal to the tarsal tunnel. The bifurcation into the medial and 

plantar nerves was noted in 7% of the feet. 

 

 Bilge et al., Havel et al. and Dellon et al. had the same reference line from the tip 

of the medial malleolus to the medial tubercle of calcaneus. In all studies the tarsal 

tunnel was considered as the flexor retinaculum extending 2 cm to either side of 

the axis. Dellon’s et al. sample had a bias. All the patients had TTS, which could 

have an influence on anatomic structure and could be the reason of variability of 

the tibial nerve branching. 

The division level of the tibial nerve is a basis for the understanding and treatment 

of TTS. 

  

The distal portion of the tunnel, which contains the medial and the lateral plantar 

nerves that pass through fibrous opening in the origin of the abductor hallucis, is 

known as the abductor canal (or porta pedis). The nerves run in separate fibrous 

tunnels that are divided by a partition that originates from the medial side of the 

calcaneus and attached to the deep fascia of the abductor hallucis. Each of the 

braches may be trapped within the muscle they travel through. The medial plantar 

nerve runs with the flexor hallucis longus tendon, and then divides into three 

common digital nerves. The lateral plantar nerve travels between the muscle 

bellies of abductor hallucis and quadratus plantae, then continues deep to the 

flexor digitorum brevis muscle and abductor digiti minimi before its terminal 



division (Franson and Baravarian, 2006).  

The tibial nerve supplies autonomic, sensory, and motor innervations to the plantar 

aspect of the foot and the medial ankle (Appendix 1). It is important to recognise 

isolated or combined plantar neuropathies.  

 

2.4 Aetiologies  

What causes TTS? When inspecting the anatomy of the posterior tibial nerve, it is 

easy to appreciate why compression may occur. TTS may occur when the 

contents of the tunnel are compressed either intrinsically or extrinsically (Franson 

and Baravarian, 2006). Basically, any condition that decreases the volume and 

puts direct pressure on the nerve may lead to TTS – compression neuropathy of 

tibial nerve or one of its branches. TTS is multifactorial and may have different 

aetiologies: biomechanical, idiopathic, space-occupying lesions (soft tissue and 

bony masses), metabolic disorders, and trauma (Lau and Stavrou, 2004). 

 

The specific cause could be identified in 60%-80% of cases (Lau and Daniels, 

1999). Obviously, the incidence of idiopathic aetiology decreased with the latest 

research about the contributing factors of metabolic disorders and the anatomy of 

the tibial nerve and surrounding structures. 

 

Biomechanical 

Foot deformities and their relationship to the development of TTS have been 

disputed in literature (Jakson and Haglund, 1991). 

 

In 1990 Cimino summarised 25 studies and case reports of TTS. He analysed 18 

different causes in 186 cases, and found an 11.5% incidence of heel varus and 

8% heel valgus. Increased tibial nerve tension might be an unrecognised cause of 

TTS. The effects of chronic and repetitive stretch injury are poorly understood (Lau 

et al., 1998). 

 



In 1998 Daniels et al. in their study quantified the tibial nerve tension of the stable 

and unstable foot in different foot positions. Investigators performed a study on 

nine cadaveric feet. They gave a good description of the experiment, and 

presented the statistical analysis of the obtained data. This study demonstrated 

that the tibial nerve tension was significantly increased in the stable and unstable 

foot during eversion (p=0.0001), dorsiflexion (p=0.0006), combined dorsiflexion-

eversion (p=0.0001), and cyclical axial loading with internal rotation (p=0.0001). 

The increased tibial nerve tension in the unstable compared with stable foot was 

statistically significant for eversion (p=0.0015), dorsiflexion (P=0.0097), combined 

dorsiflexion-eversion (p=0.0004) and cyclical axial loading with internal rotation 

(p=0.0002). Daniels’s et al. findings supported the hypothesis that the foot position 

and load effected tension on the tibial nerve, and laid down the ground work for 

further investigation into the role of tibial nerve tension in TTS. 

 

Lau et al. (1998) used the same method for measuring tibial nerve tension, as 

described by Daniels et al. (1998), to investigate the effects of tarsal tunnel 

release and stabilization procedures on tibial nerve tension in a surgically created 

pes planus foot. The researchers found that in the presence of a pes planus 

deformity, a tarsal tunnel release (procedure producing skeletal instability) might 

further significantly increase tibial nerve tension, whereas stabilization procedures 

(distraction calcaneocuboid and triple arthrodesis) decreased tibial nerve tension. 

That study proved that excessive pronation and hypermobility of the foot could 

play a role in the pathophysiology of TTS by increasing tibial nerve tension. 

 

Kinoshita et al. (2001) described the surgical procedures for TTS in forty four feet. 

After the flexor retinaculum was cut, the researchers observed the tibial nerve 

being stretched and bulged medially, when the ankle join was dorsiflexed and the 

foot was everted maximally. 

 

In 1984 Gershuni et al. published a study about the effect of the knee and ankle 

position on intracompartment pressures in the leg in six healthy volunteers. They 



introduced slit catheters bilaterally into all four compartments of the lower leg and 

monitored the pressure while the ankle joint was passively held in full dorsiflexion, 

full plantar flexion, and a neutral position with different knee positions. That study 

revealed that full passive dorsiflexion of the ankle with the knee extended or flexed 

resulted in the significant elevation of pressure in the deep posterior compartment 

(p<0.05); and full passive plantar flexion of the ankle with the knee extended or 

flexed produced a significant decrease in pressure (p< 0.05). Over-all results 

showed that compressive forces along the muscle-fascia compartment of the leg 

increased the interstitial fluid pressures within the compartment, which could 

cause neural compression or indirectly affect the tibial nerve by causing local 

vascular insufficiency. 

  

In 1999 Trepman et al. reported the results of their cadaver study that supported 

the hypothesis that increased pressure within the tarsal tunnel when the foot was 

moved into the everted or inverted position might be a pathogenic factor in TTS in 

some cases. Tarsal tunnel intracompartment pressure was established in 10 

normal human adult cadaver specimens. When the foot and ankle were positioned 

in full evertion or full inversion, the tarsal tunnel pressure significantly increased 

(p� 0.005 and p� 0.05). The authors discovered that with the foot immobilised in the 

neutral position there was no increase in pressure within the tunnel. The study 

provided an explanation for clinically observed aggravation of symptoms of the 

TTS in these positions. The results of the study could explain why damage to the 

posterior tibial nerve in the tarsal tunnel became more frequently found in running 

athletes with abnormal foot mechanics (Jakson and Haglund, 1991). 

 

In 2006 Bracilovic et al. used MRI to measure tarsal tunnel compartment volume 

of 13 ankles in nine healthy subjects in three positions (neutral, eversion and 

inversion). The researchers came to the conclusion that eversion (p<0.001) and 

inversion (p<0.001) of the foot and ankle caused decreased compartment volume 

and increased tarsal tunnel pressure. 

  



In 1991 Jakson and Haglund stated that rapid weight gains, squatting positions, 

and joint hypermobility all can make the tibial nerve susceptible to TTS. 

 

Trauma 

Trauma was the most common cause in Cimono’s review of literature (1990) and 

in Mahan’s et al. study (1998). Crush injuries, repetitive ankle flexion and 

extension, traction injury, fibrosis following ankle sprains can all cause intraneural 

pathology. Since stretch-related injuries are the most common type (Cimono, 

1990), it is possible to say that in some extent trauma aetiology overlaps the 

biomechanical one. 

 Peripheral nerves are elastic because of their collagenous endoneurium, but 

when traction forces exceed the nerve’s capacity to stretch, injury occurs. The 

nerve stress-relaxation is often an overlooked factor in nerve stretch injury. 

 

In 1992 Wall et al. developed an animal model of stretch injury in order to study 

changes in nerve conduction under tension. The researchers maintained the 

stretch of the nerve by 0%, 6%, and 12% of its length for one hour. The nerve 

conduction was monitored during the period of stretch, left for a one-hour recovery 

period then measured once more. The study showed a significant loss of nerve 

function with as little as 6% and 12% strain maintained for one hour (p<0.05). At 

12% strain, nerve injury was severe and showed minimal recovery (p� 0.05). 

As the nerve stretched and tension increased, mechanical failure occurred 

sequentially at the endoneural tubes, the perineurium, and the epineurium, which 

caused a major injury to the nerve. Over time, chronically injured nerves become 

stiffer because of fibrosis within the epineurium and are unable to compensate for 

tension as easily as normal nerves. Acute direct trauma to the nerve or long-

lasting repetitive stretch injury could leave irreversible changes in neural tissue. 

The authors discussed their findings, but couldn’t give a comparison between 

already reported experiments due to luck of biomechanical standardisation. These 

findings have a clinical implication in considering surgery for longstanding cases of 

nerve damage and limb trauma. 



 

Obviously, any type of injury that causes swelling, inflammation or fibrous tissue 

formation can reduce space in the tarsal tunnel and cause compression of the 

tibial nerve. 

 

Metabolic disorders 

Multiple systemic conditions can increase a patient’s risk of TTS. Oloff et al. (1983) 

reported the incidence of systemic disease, contributing TTS, to be 34,7%. 

Mahan et al. (1996) in his retrospective study found that conditions, like 

hyperlipidemia, acromegaly, leprocy, chronic renal disease, peripheral vascular, 

hyperthyroidism, drug reaction, myxedema, pregnancy, chronic thrombophlebitis, 

rheumatoid arthritis, connective tissue disorders, chronic venous stasis, diabetes, 

seronegative arthritis, ankylosing spondylitis had been associated with TTS. 

Diseases create varying degrees of local inflammation around the nerve, may 

cause swelling of the tarsal tunnel tissues, resulting in compression of the 

posterior tibial nerve. Continued compression creates vascular permeability that 

leads to oedema in and around the nerve, and in turn affects axon transport and 

causes damage to neural tissue (Childs, 2003). 

   

Cimono (1990) found that varicosities tend to be the most common vascular 

abnormality associated with TTS (13% of 168 cases). Incompetent valves within 

the superficial venous system may cause back flow and engorgement of the veins 

surrounding the tibial nerve. When these veins enlarge within the compartment, 

the lacinate ligament can no longer expand, causing an increase in internal 

pressure. 

Two metabolic changes occur in the peripheral nerves of patients with diabetes 

that render the nerve susceptible to chronic compression neuropathy: decreased 

axoplasmatic flow which transports the lipoproteins necessary to rebuild the nerve, 

and the increased water content within the nerve, which causes the nerve to have 

an increased volume (Dellon, 2004). The peripheral nerves cross areas of 

anatomic narrowing, such as the tarsal tunnel at the ankle, which causes external 



pressure on the nerve. With the increase of external pressure the intraneural 

pressure increases too, decreasing blood flow and resulting in a relative ischemic 

condition for the peritheral nerve. 

 

When systemic diseases such as diabetes or other viral diseases are present it 

must be considered the double crush syndrome (DCS).  Upton and McComas 

(1973) were the first who presented the concept of DCS. They believed that neural 

function was impaired because single axons, having been compressed in one 

region, became less tolerant to compressive forces at another site. In 2003 Childs 

discussed the pathogenesis of DCS and came to the conclusion that more 

empirical data were needed to support or disprove this theory. However, the 

importance of the DCS cannot be underestimated in evaluating patients with 

suspected nerve compression. 

 

Space-occupying lesions 

Any space-occupying lesions can compress the tibial nerve from within or from 

outside the tarsal tunnel. Lau and Stavrou (2004) listed some factors such as 

ganglia, cyst, lipoma, neirilemoma, bony exostosis, hypertrophic sustentaculum 

tali, medial talocalcaneal bar, hypertrophic flexor retinaculum, hypertrophic or 

accessory muscles, patial rupture of the flexor hallucis longus tendon. It can be 

secondary to fracture or dislocation. In some cases it was due to external pressure 

from boots (Jakson and Haglund, 1991). 

2.5 Clinical presentation 

As been seen in the chapter above the tarsal tunnel varies in anatomy, which can 

explain the wide variability in the presentation of subjective symptoms and signs. 

Additionally they can depend upon degree, rate of development and duration of 

nerve injury. 

Dellon (2004) found that the most reliable clinical finding of nerve compression 

was tenderness at the site of anatomic narrowing. Swelling in the tarsal tunnel 

appears to be an infrequent feature of this syndrome (Cimino, 1990; Franson and 



Baravarian, 2006). 

Symptoms may be localised to the area innervated by the tibial nerve (Cimono, 

1990; Reade et al., 2001). More commonly however, clinical symptoms are diffuse 

and poorly localised (Lau and Stavrou, 2004; Turan et al., 1997). 

The onset is usually slow and insidious (Raikin and Minnich, 2003; Cimino, 1990; 

Reade et al., 2001; Mann, 1974). Patient typically complains of intermittent 

dysesthesias, parasthesia, and numbness, usually along the medial ankle and the 

plantar aspect of the foot, the whole foot and at times the toes. The pain can be 

burning, aching, cramping and “electric shock” type (Mahan et al., 1996), and may 

radiate distally or proximally. Proximal radiation (medial distal calf) is less common 

and not past the knee (Turan et.al., 1997; Lau and Stavrou, 2004; Franson and 

Baravarian, 2006). Discomfort is worse after activity and typically is accentuated 

towards the end of a working day (Turan et al., 1997); relief is obtained with the 

removal of shoewear, massage or elevation (Cimono, 1990: Raikin and Minnich, 

2003). Often the symptoms are worse at night, which may awaken the patient 

(Mann, 1974). As the condition progresses, sensory loss may be evident in the 

distribution of any of the terminal branches (not affect the dorsum of the foot 

except over the distal phalanges of the toes) (Lam, 1967, Franson and Baravarian, 

2006). Sometimes patients present neuritic heel pain, occurring at rest; this may 

be gradually worsened and extended in the medial ankle and arch of the foot 

(Meyer et al., 2002). Motor weakness is uncommon and difficult to assess, but 

advanced stages often show atrophy of abductor hallusis or abductor minimi (Lau 

and Daniels, 1999; Novak and Mackinnon, 2005). 

        3. Methodology 

An organised search strategy has been used to compile this literature review. The 

research methods and resources, used in this project, aimed to obtain a many-

sided updated overview of the current understanding of this problem and to 

provide justification of already existing hypotheses. 

The research for relevant journals for direct referencing and background reading 

was carried out manually and electronically. 



 

Electronic databases searched: 

1 Ovid Medline 

2 Pubmed 

3 Science direct 

4 Amed (Allied and Complimentary Medicine) 

5 Athens 

6 NHS direct 

7 Free articles web 

 

Hand searched journals: 

1 The Foot 

2 Foot and Ankle International 

3 Journal of Foot and Ankle Surgery 

4 Journal of Bone and Joint Surgery 

5 Clinical Orthopaedics and Related Research 

6 British Journal of Podiatry 

7 Clinics in Podiatric Medicine and Surgery 

8 Orthopaedic Clinics in North America 

9 The Lancet 

10 Journal of American Podiatric Association 

  

      Resources: 

1 Downloaded from full text databases 

2 Books and journals available in libraries were photocopied. The    

   libraries used were: 

1. Northampton University (Park Campus) including interlibrary loans (NILJ) 

2. Richmond Library (Northampton General Hospital) 

3. University of Leicester Clinical Library (Leicester Royal Infirmary) 



1 Communication with other researchers-colleagues 

2 Ordering from British Library 

 

After all the information was collected, a careful examination of the literature was 

done according to the inclusive criteria.  

 

Inclusion criteria: 

1 English language only - due to time and resources restrictions 

2 The relevance of information 

3 Post 1990 – older literature will be used only for providing historical    

   perspective. 

The inclusive criteria listed above were set before the search began, in order not 

to be drawn in to the information sea, reducing the field of search and to 

concentrate on the subject area. The most relevant and current research was 

assessed and included. 

 

Exclusive criteria 

The literature which did not cover the inclusive criteria was not included in the 

study. 
 

 

 

Search strategy 

1. A key-word/phrase in varying combinations was used in each database listed 

above. 

2. Terms used for search: tarsal tunnel syndrome,  nerve entrapment, tibial nerve, 

nerve impingement, peripheral neuropathy, nerve injury, foot and ankle disorders, 

nerve surgery, pain, sport injuries,  diagnostic manoeuvres, anatomy of the lower 



limb. 

3. Asses the content of the abstract and evaluate its usefulness for the study. 

4. Obtain the full texts of selected articles. 

 

Ethics 

Ethical approval is not required for this literature review, but the majority of articles 

used for the study hadn’t ethical committee consideration or no mention was made 

about it.   

 

Methodological limitation 

This study is not a systematiic review; consequently no statistical analysis has 

been done. Not all reports about diagnostic tests reached the standard, containing 

the five necessary features: sensitivity, specificity, positive predictive value, 

negative value and accuracy of the performance (Greenhalgh, 1997). There were 

not enough randomised control trials, which were considered to be a suitable 

study design in medical research (Greenhalgh, 2001). Not all studies used in this 

review were up to the gold standard.  

The review has also been restricted by the word count limit (10.000-12.000 words) 

and by number of references (40- 60), therefore relevant material may have been 

missed out. Taking into account parameters, which were set up, it would be 

impossible to evaluate the full rage of diagnostic modalities. 

Financial and time restrictions had implications on the scope and the amount of 

information obtained which could be considered necessary for this study. Using 

other resources might conceivably affect the validity of the results. 

 

Financial costing: 

1 Buying articles approximately    50£. 

2 Paper and photocopying            20£. 

3 Printing                                       30£. 

   Total =                                        100£. 



 

Taking into consideration all these methodological limitations, this study can not be 

a guide to fully justify the usefulness of different diagnostic modalities. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

4. Literature review  

This chapter overviews the main diagnostic modalities which help to establish and 



clarify the diagnosis of TTS.  
The diagnosis of TTS is primarily based on a detailed history and physical 

examination of patients (Raikin and Minnich, 2003; Franson and Baravarian, 

2006).  Focus on the tibial nerve helps to rule out or in this disorder. The spectrum 

of the patient’s signs and symptoms are likely to relate to the range of neural 

histopathologic changes that occur with chronic nerve compression (Novak and 

Mackinnon, 2005). Clinically useful injury grading systems allow correlation of the 

changes occurring after nerve injury and patient symptomatology (Appendix 2). 

Usually objective clinical findings establish the foundation/bases for other 

diagnostic procedures in order to confirm the diagnosis. History taking is the first 

step towards making the correct diagnosis and is as important as any diagnostic 

test (Reilly, 2002). 

 

History of injury 

1 Mechanism of injury. This includes signs and symptoms onset,    

location, duration and progression. Questioning patients will often  

reveal the type, severity and distribution of pain. 

1 History of any past injuries, traumas, pain, acute or chronic swellings. 

2 Exacerbating and alleviating factors of the injury. 

3 Review of symptoms of other systemic diseases. 

  

Clinical examination 

1 Examination of the painful area should include the area above and below the 

affected place. 

2 Visual inspection. Swelling in the tarsal tunnel is sometimes present; this 

suggests the possible presence of space-occupying lesions (Franson and 

Baravarian, 2006). 

3 Palpation of the pulses is used to examine the patient’s distal circulation in 

order to rule out venostasis or arterial insufficiency. 



4 The deep tendon reflexes must be assessed in order to help determine if there 

is proximal causation (DCS).  

5 Inspection of the patient’s gait and stance positions allows for establishment of 

alignment deformities, excessive pronation, swelling, varicosities. The range and 

quality of movement of the ankle, subtalar and midfoot joints are evaluated, and 

limitations are noted. 

6 The course of the entire tibial nerve and its branches is palpated for any 

evidence of thickening or swelling, which may be indicative of a space-occupying 

lesion. The most reliable clinical finding of nerve compression is tenderness of the 

nerve at the site of anatomic narrowing (Dellon, 2004). 

7 Muscle strength can be assessed qualitatively or quantitatively. Initial changes 

will include muscle ache followed by weakness and finally muscle atrophy. Muscle 

atrophy can be assessed and graded visually. It might indicate motor involvement 

seen in advanced nerve compression (Reade, 2001). 

 

Laboratory tests 

There are widely used procedures. However, laboratory studies are indicated only 

in cases of the suspicion of systemic illness, infection, underlying arthritis or 

rheumatologic disorder based on patient history and physical examination 

(Percivall and Reilly, 2002). 

 

The tourniquet test 

Turk’s test, performed by inflating pneumatic cuffs to just below the systolic blood 

pressure (from 30 mm to 60 mm of mercury pressure), can exacerbate symptoms. 

It is useful in confirming the diagnosis when varicosities are the causative factors. 

Inflating a tourniquet proximal to the tarsal tunnel results in venous engorgement 

within the tarsal tunnel (Reade et al., 2001; Mahan et al., 1996). To the author’s 

knowledge, the accuracy and specificity of tourniquet tests are not known. 

Venography 



Venography may be indicated in patients who have a positive cuff test (Lau and 

Stavrou, 2004) to exclude DVT. A venogram is an X-ray test that takes pictures of 

the blood flow through the veins in a certain area of the body. Veins are not 

normally seen in an x-ray, so a special dye is injected into the affected leg to 

highlight the veins. 

  

Tinel sign 

The Hoffmann-Tinel sign, also referred to as the Tinel sign, remains a mystery. It 

was originally described by Paul Hoffman in March 1915 and Jules Tinel in 

October 1915 to predict successful nerve re-anastomoses of peripheral nerve 

injury during Wold War 1 (Sansone et al., 2006). The Tinel sign is “positive” if the 

palpation of the tibial nerve and its branches can cause tenderness, and light 

banging (percussion) over the nerve can elicit a sensation of tingling or "pins and 

needles" in the proximal distribution of the nerve, while distal radiation indicates a 

positive Valleix phenomenon. Both are indicative of traumatic or compression 

damage of the nerve. The underlying neurophysiologic or pathophysiologic 

process that results in the positive Tinel sign is unknown; it is likely that in chronic 

entrapment the demyelination and partial remyelination, accompanied by axonal 

degeneration and regeneration made the peripheral nerve mechanosensitive 

(Dellon and Lee, 2004). 

Using his personal experience Hoffman (1915) considered that the Hoffman –Tinel 

sign was absolute physiologic evidence that sensory nerve fibres had regenerated 

(Buck-Gramcko and Lubahn, 1993). There is usually the negative Tinel sign in the 

very early and late stages of nerve injury with further progression of the 

neuropathology of peripheral nerve compression (Dellon, 1984). 

 

In 1949 Napier in his discussion about history of the Tinel sign came to the 

conclusion that it was a valuable and reliable addition to the diagnosis and 

prognosis of peripheral nerve injuries, which could indicate the presence of 

regenerating sensory fibres, but its presence was not evidence that functional 



recovery would necessarily occur. He based his conclusion on the literature review 

and findings in 242 nerves lesions seen at Hill End Hospital in the repair nerve 

injury unit during October 1944-July 1946 and at a follow-up clinic at St. 

Bartholomew’s Hospital. 

 

There is much debate about the diagnostic accuracy of the Hoffman-Tinel sign and 

a lot of research has been done to compare the Tinel sign to other tests in carpal 

tunnel syndrome (CTS), nerve entrapment in  the wrist, but results are extremely 

controversial (Sansone et al., 2006). It is possible to suggest many reasons for the 

poor sensitivity of the Tinel sign in some studies: 

 

1. A provocative manoeuvre was not developed for that syndrome. 

2. Soft tissue overlying the tunnel area might affect result. 

3. The tapping place was incorrect. 

4. In the early stage of entrapment the nerve hadn’t the degree of axon           

     loss and regeneration of nerve fibres to elicit a positive sign; the late      

     stage of compression led to progressive axon loss and an absence of   

     sign (Sansone et al., 2006). 

5. The variability in technique used to elicit the Tinel sign might result in a 

false positive or false negative sign. Researchers used an extended 

finger for tapping (Shookster et al., Dellon and Lee, 2004), patella 

hammer (Turner and Ashford, 2002; Napier, 1949) or the blunt end of 

the reflex hammer (Sansone et al., 2006).  Different techniques 

produced different amounts of pressure, which hadn’t been established, 

and exaggerated tapping can produce a false-positive "Tinel sign". 

Hoffman described the force, which was needed for percussion, in 

different ways. In his first work he noted that ‘it is not necessary to use 

more than the lightest pressure to achieve stimulation of newly 

regenerated fibres, and the effect is actually best when stimulation is 

applied by light percussion with the finger extension’ (Buck-Gramcko 

and Lubahn, 1993, p.802). In his additional finding regarding nerve 



regeneration he offered to use  moderate pressure in applying 

percussion, and suggested  the extended digit, a percussion hammer or 

the thumb to be used (Buck-Gramcko and Lubahn, 1993). Dellon and 

Lee (2004), who consider the Tinel sign to be the most valid prognostic 

test, advised not to use a percussion hammer. 

6. Incorrect understanding of the test. The Hoffman-Tinel sign mustn’t 

cause pain over an adjacent site that is tested or over the nerve at a site 

that is asymptomatic (Sansone et al., 2006; Shookster et al., 2004; 

Moldaver, 1978; Dellon and Lee, 2004)).  Patients may experience 

discomfort from a tingling sensation, but the presence of pain with the 

elicitation of the sign suggests another process occurring concomitantly 

with the nerve regeneration.  

7. The nerve had already regenerated in another level (DCS). 

 

The Tinel sign has been widely studied and described in literature throughout the 

last century, but it is not possible to find the origins or research about the Valleix 

phenomenon. 

 

More recently, there has been renewed interest in the utilization of the Hoffmann-

Tinel sign for the diagnosis of various entrapment neuropathies, particularly during 

periods of axonal loss and regeneration of peripheral sensory nerve fibers. 

  

In 2004 Dellon and Lee in their prospective study concluded that the positive Tinel 

sign is a reliable indicator of a successful outcome of the decompression of the 

tibial nerve in diabetic and nondiabetic neuropathy. They reviewed six reports 

about the decompression of tibial nerve during a period of twelve years and made 

their investigation on the subject of the prognostic ability of the Tinel sign on the 

outcome of surgery. Forty six patients with diabetes and forty nondiabetics had 

surgical decompression of the tibial nerve and its branches. Pre-surgery and post-

surgery tests were clearly described; statistical analysis for the outcome of surgery 

were analyzed at one year and given in easily readable tables. The results of this 



study demonstrated significantly better probability of achieving a good to excellent 

outcome for patients with either diabetic (P<0.003, positive predictive value - 92%) 

or idiopathic (P<0.002, positive predictive value – 81%) neuropathy, if their Tinel 

sign was positive compared with a preoperative absence of the Tinel sign. The 

authors discussed the study results and the Tinel’s theory about the probability of 

the positive sign, related to the degree of neuropathology presented at the time of 

the examination. The results of the study suggested that surgical decompression 

of a peripheral nerve should not be offered to the patients with idiopathic 

neuropathy unless the positive Tinel sign was present. It may be a useful clinical 

examination tool, in some cases, for the diagnosis of various entrapment 

neuropathies. 

 

Mann (1974) in his study found that the patients, who had complete relief of 

symptoms after surgery, had a markedly positive Tinel sigh in the area of the tarsal 

tunnel. Over a period of months the Tinel sign gradually progressed into the foot 

until it disappeared. 

 

Provocative testing 

Increasing the tension of the tibial nerve by forcing the ankle into maximal 

dorsiflexion or the heel into eversion can elicit patient symptoms. Eversion may 

cause tightness of the flexor retinaculum or excessive stretch of the posterior tibial 

nerve. Inversion may reduce the size of the tarsal tunnel. 

 

 The dorsixlexion-eversion of the foot as a diagnostic test was described and 

published in 1964 by Mumenthaler et al. and has been used since that time by 

many clinicians (Pecina, 2002). 

 

 In 2001 Kinoshita et al. described the new “dorsiflexion-eversion” test and 

reported the results of his study to evaluate the role of that test in the diagnosis of 

TTS. In their test the foot and ankle were passively everted and dorsiflexed while 



all of metatarsophalangeal joints were maximally dorsixlexed, the technique 

applied both tension and compensation to the tibial nerve. The manoeuvre was 

performed pre- and postoperatively on thirty-seven patients (with a total of forty-

four feet with TTS) and on fifty normal volunteers (hundred feet), who hadn’t a 

history of trauma and had a normal arch. All preoperative tests which addressed 

different aetiologies of TTS, all surgical procedures and follow-up results were 

described in details, the obtained data were recorded, but statistical analysis 

hasn’t been done. The authors discussed their results and came to the conclusion 

that the safe and easily performed provocative test would help to increase the 

sensitivity of physical examination in the diagnosis of TTS.  

However, this test is flawed. The forced extension of the toes can stretch and 

stress the plantar structures, attached to the heel. It means that pain in the foot 

can be provoked by plantar fasciatis, which interferes with TTS. Patients can’t 

distinguish the different nature of the pain, and it can lead to misdiagnose. 

The Straight-Leg-Raising test (SLR), in which medial hip rotation was included as 

a qualifying test, discussed originally in terms of their diagnostic value and was 

wildly performed in patients to test lumbosacral nerve root irritation (Troup, 1981). 

 

Australian clinicians Coppieters et al. (2006) used the modified SLR to diagnose 

TTS, in which the ankle dorsiflexion was performed before hip flexion. This 

cadaver study evaluated the clinical hypothesis that strain in the nerves around the 

ankle and foot caused by ankle dorsiflexion could be increased with hip flexion. 

The secondary aim was to measure strain in the plantar fascia. The authors 

evaluated the modified SLR test in differentiating between plantar heel pain 

caused by a neuropathy or by plantar fascia. Methodology and data collection 

were described in detail, statistical analyses was done. The results demonstrated 

that joint movements, the ankle dorsiflexion and the hip flexion, significantly 

increased the strain in the tibial nerve around the ankle (p<0.05) without affecting 

other musculoskeletal structures at the painful site, such as the plantar fascia. The 

increase of the plantar fascia strain did not reach a level of statistical significance. 

Despite the fact that the relatively large increase in strain of the medial (all 



cadavers) or the lateral plantar nerve (7/8 cadavers) were noted, it wasn’t 

significant (p>0.05). The sample wasn’t a big enough (8 male cadavers); some 

limitations in methodology in obtaining a physiological range of ankle dorsiflexion 

were present, but it didn’t make the findings less scientifically significant. The 

authors suggested using that test to structurally differentiate the tissue origin of 

plantar heel pain. It is very useful to test the contralateral side as a comparison. 

 

Mann (1974) in his study used SLR and dorsiflexion of the foot to reproduce the 

symptoms of TTS and confirm the diagnosis. 

 

Provocative testing, however, will not provide quantification of the neural changes 

or intensity of patient symptoms. 

  

Neurodynamic test. 

A neurodynamic test is a series of body movement that produces 

mechanical and physiological events in the nervous system according 

to the movement of the test. 

                                                                           Shacklock (2005, p.25). 

 

In 2005 Shacklock introduced in his book the new concept of neurodynamic 

sequencing. He used neurodynamic tests to gain an impression of the mechanical 

performance and sencitivity of the neural structures and their innervated tissues. 

For posterior tibial nerve disorder he suggested to use the tibial neurodynamic test 

(TNT). The basic premise of sensitizing maneuvers in neurodynamic testing is that 

the symptomatic structure is maintained in a position while another part of the 

body is moved. The idea is to differentiate neural tissue from other tissues. Based 

on the distal course of the tibial nerve in the lower limb, the movement of the TNT 

consists of the passive SLR and dorsiflexion/eversion of the ankle and foot.  

Shacklock (2005) performed SLR up to the point of the symptoms occurring in the 

foot and localised their site. If the symptoms had not been evoked, at the top of 



SLR, the foot was placed into dorsiflexion/eversion till the first onset of the 

symptoms and the limb is then lowered slowly, keeping the position of the foot 

stationary. If the symptoms changed, it would indicate that the neurodynamic 

mechanism was involved. In his variations of TNT the author used internal rotation 

and adduction of the hip and the modified slump test. 

How effective is the neurodynamic test in diagnosis?  This test depends upon 

many variables, which can influence the outcome and leave therapist in 

bewilderment (Shacklock, 2005). The test is patient dependant, and it is possible 

to get false positive and false negative results. Unfortunately, the author didn’t 

provide a detailed review of the literature about the research done in assessing the 

sensitivity and specificity rating of neurodynamic tests in clinical disorders. 

However, neurodynamic testing is widely explored by clinicians in physical 

examination and treatment. 

 

Meyer et al. (2002) in his case study described the examination and strategy used 

in the diagnosis and treatment of a patient with subcalcaneal heel pain. The 

authors used the SLR in combination with ankle dorsiflexion and eversion to 

sensitize the tibial nerve. The findings suggested neural dysfunction, which was 

successfully treated conservatively. The study described how physical therapists 

utilized neurodynamic tests in the differential diagnosis and treatment. 

 

Sensory examination 

Different sensory tests evaluate various parameters of nerve function, but they will 

not be equally effective in the assessment of nerve compression. In the early 

stages of nerve compression all sensory test may be normal because symptoms 

are intermittement and the histopathologic changes in the nerve are minimal 

(Novak and Mackinnon, 2005). However, with increased compression of the nerve 

the threshold measures will become abnormal. 

 

In 1996 Tassler and Dellon developed normative cutaneous pressure threshold 



data for clinically important areas of the lower limb and compared those values to 

patients with TTS. The researchers used 34 healthy subjects for evaluating the 

normal perception of pressure in the lower extremity and 22 patients with TTS (6 

bilateral) to compare with. All the measurements in the foot and leg were done by 

the Pressure-Specified Sensory Device (PPSD, Appendix 3). Four different 

measures of cutaneous pressure perception were tested: detection of one-point 

static touch (1PS), one-point moving touch (1PM), static two-point discrimination 

(2PS), and moving two-point discrimination (2PM). The exact sites of testing were 

the plantar surface of the big toe, the dorsum of the foot between the first and 

second metatarsals, the heel, and the lateral aspect of the calf. The results 

showed that the age-related mean cutaneous pressure threshold measurements 

for all four sites of the lower extremity increased above the age of 45. The patients 

with TTS were evaluated with the PSSD by an occupational therapist. Of the 28 

extremities with TTS, electrodiagnostic testing was available on 26. The patients 

with TTS, who had abnormal electrodiagnostic testing, had 1PS, 1PM, and 2PM 

significantly (p<0.05) higher than the patients with TTS, who had normal 

electrodiagnostic testing.  

The findings confirmed that quantitative sensory testing might be a more sensitive 

test for chronic nerve compression, and screening for TTS can be done utilizing 

the PSSD. The PSSD was found to be easy to use, non-invasive, and pain free. 

Any clinician can easily use it for the screening of certain common clinical 

conditions. 

 

In 2005 Radoiu et al. evaluated the Semmes-Weinstein monofilament (SWM), a 

tuning fork and the PSSD on the plantar surface of the hallux in 35 patients with 

peripheral nerve problems related to compression and neuropathy. This study 

compared the measurements obtained using a vibratory stimulus with those 

obtained using different measures of touch and pressure stimuli (the three different 

tests) for each skin area tested. By finding if whether the data from the SWM, 

vibrometer (128 Hz) or the PSSD were abnormal it was determined which of the 

three results became abnormal first. The study had a good sample, the criteria for 



exclusions from the study were appropriate. Radoiu et al. gave a clear description 

of the experiment and the experimental technique, the data was presented in 

easily understandable tables and appropriate statistical analysis for sensitivity and 

specificity was done. The PSSD was found to be significantly more sensitive 

(sensitivity was 100%) than the SWM and vibrometry (P<0.001 for both) in 

identifying patients with abnormal large-fibre function in the posterior tibial nerve. 

The authors found that the vibratory test wasn’t the best test to use in identifying 

peripheral nerve problems.  

However, Novak and Mackinnon (2005) discussed the evaluation of vibration 

thresholds with a tuning folk. They hypothesized that the assessment with a high-

frequency tuning fork (>128 Hz) would be more sensitive to neural function 

changes in the early stages of nerve compression. The hypothesis was based on 

the theory that with chronic nerve compression the high frequency quickly 

adapting receptors were first affected. 

On the other hand, application of the tuning folk and monofilament stimulus may 

vary with the alteration of the examiner’s technique, which can affect the study 

result. It must be taken in to consideration that the presence of thickened plantar 

skin makes it difficult to interpret the measures of touch. 

 

Electrophysiological Studies. 

Electrophysiology of peripheral nerves is now an integral part of diagnostic tools 

and can be used for confirming and evaluating the clinical diagnosis of TTS. 

Electrodiagnosis has two components, the nerve conduction study (NCS) and 

electromyography (EMG).  NCS involves stimulation and recording along the 

course of peripheral nerves, and can be classified into motor, sensory or mixed 

compound nerve tests. EMG is a direct measure of the electrical activity of the 

muscle innervated by the nerve (Buxton and Dominick, 2006). NSV and EMG 

combine with each other in determining whether a neurogenic or myopathic 

process is at hand, and help to localise the injured nerve and the degree of 

damage (Raikin and Minnick, 2003.) 



 

In 2005 Patel et al. made a systemic review of the published scientific literature to 

asses the usefulness of electrodiagnostic (EDX) techniques in the evaluation of 

suspected TTS. All articles were reviewed on the basis of six selection criteria 

(Appendix 4). From January 1965 through April 2002 a MEDLINE search identified 

a total of 319 articles, but only four of them met six or five inclusion criteria. But 

even in those four articles there were significant methodological flaws, which 

include: (1) the absence of blinding procedure; 

(2) the absence of a standard clinical definition of TTS; and (3) the variability in the 

timing of symptoms onset. There was a variety of nerve conduction techniques 

utilized, which were described and analysed. It was discovered that sensory NCSs 

were more sensitive than motor NCSs but at the expense of specifity.  

A separate literature review was carried out and ten articles were identified, which 

investigate the issue of specificity of medial and lateral plantar NCSs. These 

studies assessed planter NCSs in asymptomatic (or normal) subjects. One of ten 

studies had strong limitations. Based on the results of the other studies, the 

specificities of medial and plantar NCSs were: medial plantar sensory – 98%; 

medial plantar mixed – 99%; lateral plantar sensory – 92%; and lateral plantar 

mixed – 91%. The specificity of medial plantar sensory NCSs using near-nerve 

recording is 99%.  

The investigators couldn’t make any comments with regard to the usefulness of 

needle EMG in TTS because none of the studies used needle electromyography. 

The luck of definitive recommendations was due to the absence of high-quality 

evidence-based research on the validity and usefulness of the electrophysiologic 

techniques in TTS.  However, the authors recommended EDX for confirming the 

presence of tibial mononeuropathy at the level of tarsal tunnel. The 

recommendations were based upon the assumption that the clinical examination 

including NCSs and EMGn testing had excluded the possibility of polyneuropathy, 

radiculopathy and other conditions. In addition, Patel et al. concluded the 

necessity of scientific research in that field and gave recommendations for future 

research studies. 



 

Needle EMG (EMGn) carries some significant problems such as pain, which might 

limit its use in children (Sunil, 2002). EMGn of intrinsic foot muscles may help to 

diagnose TTS only if there is evidence of chronic or active denervation (Buxton 

and Dominick, 2006). Normal motor response may be found in the early stages of 

entrapment, and abnormal findings may be limited by sensory fibres. Abnormal 

findings can be caused by age-related nerve degeneration, and furthermore, it 

may be difficult for elderly patients to use these muscles (Buxton and Dominick, 

2006). 

  

In 2004 Mondelli et al. proposed a new way to classify TTS. They reviewed the 

medical records of two electromyography laboratories. The incidence of TTS in 

EMG laboratories was 0.4-0.5% of all EMG examinations. The authors reviewed 

the cases of 111 feet belonging to 96 patients who were diagnosed with TTS. 

Inclusive criteria were based on clinical parameters. Motor conduction velocity 

(MCV), distal motor latency (DML), sensory conduction velocity (SCV), sensory 

action potential (SAP) from the big toe (T1) and from the fifth toe (T5) was 

measured in 111 feet. A qualitative standard needle EMG of the intrinsic foot 

muscles of the sole was performed in 51 of 111 feet. The statistical analysis was 

done and all statistical findings were well presented. Therefore, 93% of cases 

showed electrophysiological distal sensory abnormalities, 74% of cases - 

electrophysiological distal motor abnormalities, and 59% of cases - EMG 

abnormalities. On the basis of the neurographic results, the feet were classified in 

six electrophysiological classes:  

0 - normal SCV and DML; 

1 - normal absolute SCV with abnormal comparative tests; 

2 - slowing of T1 andT5 SCV and normal DML; 

3 - slowing of SCV and DML;  

4 - absence of T1 and T5 SAPs and abnormal DML;  

5 - absence of sensory and motor response. 

 



The authors revealed that the progression of neurographic abnormalities reflected 

the relation between neurographic values and clinical severity (p<0.001). Higher 

clinical scores coincided with higher neurographic classes. These study results 

showed the statistical relation between SCV and DML. 

The researchers proposed the electrophysiological scale, which might be used to 

classify the severity of TTS and to analyse the results of the treatments performed. 

  

Small errors, overreading or misinterpretation can result in a misdiagnosis. 

Different systemic conditions, medications, the temperature of patient, age, length 

of the limb, patient cooperation, electrical interference, and even the pressure of 

time which influences patient relaxation, can affect a study (Gutman, 2003). False 

negative NCS and EMG are not uncommon (Franson and Baravarian, 2006). 

Using their own experience Turan et al. (1997) considered that EMG and NCS 

often were insensitive. 

 

Lau and Stavrou (2004) offered to test the tibial nerve proximal to the tarsal tunnel 

and the opposite leg so as to exclude the DCS. 

 

EMG and NCV study results can be used to confirm the diagnosis of TTS, but 

cannot be used in ruling out the existent of this disorder. 

 

Radiographic investigation.   

 Radiologic investigation is best utilized in investigating anatomy within the tarsal 

tunnel. It should be the first imaging study obtained for the evaluation of foot and 

ankle pathology (Franson and Baravarian, 2006). Plain radiograph examination of 

the foot is the appropriate imaging technique for determining the presence of a 

foot deformity. Computed tomography (CT) or magnetic resonance imaging (MRI) 

is used as the next step (Franson and Baravarian, 2006). CT is a technique that 

utilises radiation to take multiple slice images through the length of the body in a 

single plane, and its main disadvantage is the radiation dose (Shulman, 2007). 



MRI uses radio frequency signals to obtain its images. Now, with improving MRI 

technology, clinicians are moving towards using MRI before CT (Shulman, 2007). 

 

In 1993 Frey and Kerr in their study proved the ability of MRI to help in the 

evaluation of TTS and identifying pathological conditions within the tarsal tunnel. 

They scanned 40 feet in 33 patients, who had signs and symptoms of TTS and 

feet of two asymptomatic volunteers to demonstrate the normal anatomy of the 

tarsal tunnel. Thirty-five feet (88%) had significant findings on MRI. Of twenty-one 

feet, which required surgery, MRI findings were confirmed in 19 cases. All results 

were presented, supported by relevant images and explanations, but statistical 

analyses about accuracy of MRI hadn’t been done. The authors found that MRI 

because of its excellent soft tissue contract and ability to demonstrate 

neurovascular and musculotendinous structures was ideal to examine the contents 

of tarsal tunnel fully.  

This article shows that this ability to image peripheral nerves has the potential to 

dramatically change the diagnosis and treatment of TTS. MRI could enhance 

surgical planning by indicating the extent of the required decompression.  

For clinical practice it is important to understand that MRI is the best in assessing 

the contents of the tarsal tunnel in investigating for the presence of space 

occupying lesions, such as tenosynovitis, varicosities, soft-tissue masses and etc, 

in terms of size, site origin, and relation to the tibial nerve. 

  

Martinoli et al. (2000) gave a beautifully illustrated account and written description 

of Ultrasonography (US). The authors determined that US had the specific 

advantages over MRI in nerve imaging and diagnostic potential in the assessment 

of peripheral nerve entrapment: the ability to examine tissue in both the static and 

dynamic state, and the ability to explore long segments of nerve trunks in a single 

study to rule out a more proximal level of entrapment.  

In 2003 Chiou et al. in their study demonstrated that high-resolution US can easily 

detect the exact location and cause of nerve compression, differentiate between a 

rupture of the nerve bundle and fibroblast, but it’s not so good in the evaluation of 



abnormal masses. Chiou et al. didn’t give any analysis at all to measure the 

effectiveness of US, but his work could help practitioners to appreciate US in 

differentiating a nerve from surrounding tissues.  

The clinical importance of this study that these US findings could be used either as 

a first-line imaging modality in patients with suspected peripheral nerve lesions or 

as a useful tool for follow-up imaging. However, the examination of nerves 

depends strongly on technology and is operator dependent (Martinoli et al., 2000).  

Additionally, there is a lack of standardization in this field with reference to the 

scanning technique; all these factors might influence the result of US (Martinoli et 

al., 2000).  

 

Although, in most cases, a focused ankle or foot  US can be performed more 

rapidly and efficiently, a more detailed analysis of the diagnostic accuracy and 

therapeutic efficacy of this technique will be needed (Miller, 2005). 

It hasn’t been possible to find studies evaluating sensitivity and specificity of MRI 

and US in diagnosing TTS or comparing these diagnostic modalities. 

 

A posterior tibial nerve block 

A diagnostic neural blockade helps to identify specific nerves as pain generators 

and helps to control pain. 

These blocks typically contain anaesthetic with known duration of relief. If the pain 

ceases and there is no recurrence, current conservative care must be continued. If 

the pain ceases only for a short time before returning, then surgical release can be 

recommended. Prognostic nerve blocks predict the outcomes of given treatments 

(Jerosch et al., 2006). 

Also a steroid injection is a therapeutic as it is diagnostic, allowing the physician to 

gain confidence in the diagnosis.  It helps to decrease inflammation, enabling the 

nerve to heal and regenerate. 

 

To the author’s knowledge, there hasn’t been any scientific research conducted to 



determine the prognostic value or specificity of the diagnostic nerves blocks. There 

is not much information about neurologic complications, which could follow the 

anaesthetic injections. 

 

Attempts have been made to develop more specific and sensitive diagnostic test 

for certain pain syndromes that were based on pathophysiologic mechanisms 

involved. For example, development of specific sodium channel blockers may be 

useful in the diagnosis of neuropathic pain (Srinivasa, 1996). 

 

 

 

5. Discussion  

The evidence supports the view that it’s difficult to gain a definitive diagnosis of 

TTS due to the complexities of tarsal tunnel anatomy and variability of clinical 

signs and symptoms. The central issue of the discussion is to decide what 

diagnostic modality is the most useful in establishing the diagnosis of TTS. 

 

Diagnosis consists of a process of elimination based largely on patient history and 

clinical findings. The laboratory test and tourniquet test can rule out systemic 

conditions or venous system insufficiency. Assessment of the peripheral nerve 

along its entire course is necessary to exclude DCS (Upton and McComas, 1973). 

An accurate history and a subjective report to obtain the necessary information will 

help to confirm the diagnosis, and identify the cause and the level of compression. 

Additional understanding of the anatomy of peripheral nerves and the classification 

of nerve injury helps in the recognition of the level of injury and selecting an 

appropriate diagnostic test. 

In 1991 Dellon established the degree of compression for ulnar nerve entrapment 

at the elbow using a sensory plus motor classification based on contemporary 

concepts of the pathophysiology of chronic nerve compression (Appendix 5). The 



results of that study can be adopted for posterior tibial nerve entrapment at the 

ankle level. 

 

In the early stages of nerve compression (neurapraxia) a patient may present only 

intermittent symptoms (Novak and Mackinnon, 2005). The Tinel sign will be 

negative (Dellon, 1984), sensory examination and electrodiagnostic studies can be 

normal and not indicate abnomalities (Reade et al., 2001). Most scans (CT, MRI, 

bone) are able to pick up damage to surrouding tissue, but not to the nerve itself. 

Only provocative manoeuvres or neurodynamic tests can indicate neural tissue 

involvement and facilitate the diagnosis of TTS. 

The dorsixlexion-eversion test (Kinoshita et al., 2001) helps to increase the 

sensitivity of physical examination in the diagnosis of TTS. Unfortunately, the 

researchers hadn’t done statistical analysis to measure the usefulness of the test, 

and the study had flaws. 

 

To the authors knowledge there hasn’t been a study done to evaluate the 

sensitivity and specificity rating of neurodynamic tests in TTS, but they are 

successfully used in clinical practice (Shacklock, 2005; Pecina, 2002). 

Neurodynamics provides the new options for diagnostics and treatments of neural 

dysfunction in contemporary practice. 

The area of neural mobility testing is very promising, but it would be possible 

through clinical trials on human subjects only to evaluate it. Analysing the literature 

review it was noted that clinical research to validate neuradynamic tests or 

provocative manoeuvres in diagnosing TTS hasn’t been stressed enough. 

   

In the later stage (axonotmesis), when the nerve breaks down, sensory 

examination and the Tinel sign are typically considered the earliest clinical 

indicators of axon regeneration (Dellon and Lee, 2004; Tassler and Dellon, 1996).   

Not all sensory evaluation tools are equally effective, and there is no standard test 

in the evaluation of patients with nerve injury (Novak and Mackinnon, 2005). It is 

necessary to remember that all sensory tests involve subjective feedback from the 



patient; they depend upon the examiner’s technique and the patient’s participation. 

Radoiu et al. (2005) found that the Pressure-Specified Sensory Device (PSSD) 

was significantly more sensitive (sensitivity 100%) than monofilament and 

vibrometry. Tassler and Dellon (1996) confirmed that the measurements with the 

PSSD were scientifically proven to be the functional equivalent of traditional 

electrodiagnostic studies, which are more expensive and painful for the patient. 

However, different sensory tests evaluate various parameters of nerve function; 

therefore no one test would be optimal. In order to obtain a more voluminous and 

complete picture of nerve injury it is better to perform all sensory tests. 

 

The Tinel sign, a diagnostic tool in evaluating nerve injury, has been used from 

1915 (Sansone et al., 2006). In spite of lots of polemics about the diagnostic 

accuracy of Tinel sign, it is considered a useful clinical examination tool for the 

diagnosis of various entrapment neuropathies (Turan et al., 1997; Dellon and Lee, 

2004; Franson and Baravarian, 2006).  

 

NCV and EMG are an extension of the clinical examination (Fuller, 2005), but they 

still remain controversial and can be misleading (Cimino, 1990; Reade et al.; 2001; 

Lau and Stavrou, 2004). 

 

Patel et al. (2005) recommended EDX for confirming the presence of tibial 

mononeuropathy at the level of tarsal tunnel. Although the researchers found that 

sensory NCSs were more likely to be abnormal than motor NCSs, but the actual 

sensitivity and specificity could not be determined. Patel et al. couldn’t make any 

comments with regard to the usefulness of needle EMG because of the absence 

of corresponding studies evaluating EMGn. 

  

In 2004 Mondelli et al. analyzed the progression of neurographic abnomalities in 

TTS,  established the relation between neurographic values and clinical severity 

(p<0.001), and proposed a new way to classify this disorder from grade one to 

grade five, which can be useful in  providing quantification of neural changes or 



intensity of patient’s symptoms. The literature review indicates that 

electrodiagnosis is an excellent modality for evaluating the functional integrity of a 

nerve (Reade et al., 2001; Fuller, 2005). 

 

Before requesting NCS and EMG the practitioner must understand that NCS/EMG 

is uncomfortable, sometimes painful, expensive, patient and operator dependant 

(Fuller, 2005; Gutman, 2003). It must be considered where it fits into the 

diagnostic strategy if at all. EDX studies can be used to support the diagnosis of 

TTS in cases in which it is uncertain, but not in ruling out the existence of this 

disorder or in establishing the cause of compression. 

 

Radiology is not a replacement for a complete assessment. However, clinical 

correlation is essential for the appropriate use of imaging. As a general rule, X-

rays should be used at a first-line investigation; it is the most effective in identifying 

a foot deformity (Reade et al., 2001). 

MRI is a superior soft tissue imaging study (Reade et al., 2001), and is the most 

effective way for examining the contents of the tarsal tunnel (Frey and Kerr, 1993), 

but the most expensive (Shulman, 2007). US can be performed more rapidly and 

efficiently than MRI, it can easily detect the location and cause of nerve 

compression (Chiou et al., 2003). 

  

It is difficult to compare imaging diagnostic tests, because there are not any 

presented randomized controlled trials (RCT) to compare the accuracy of different 

imaging modalities. Choosing any diagnostic test a practitioner must take into 

consideration the suspected aetiology of TTS and the pathophysiology of the 

nerves in relation to the surrounding anatomy. In some cases it would be enough 

to perform a plain radiograph to establish the diagnosis, where as in other cases 

the best result might be achieved with a combination of two different imaging 

procedures. Patients can have nerve malfunction without any anatomical 

abnormalities, and structural deformities do not always lead to nerve injury. The 

clinical purpose of the test might be different. If radiographic investigation is used 



to establish the cause of TTS, electrodiagnostic modalities can only confirm the 

clinical diagnosis and evaluate the level of damage. The choice of diagnostic 

imaging modality must be based on clinical signs and symptoms, and be an 

integral part of the diagnostic strategy, adding useful information to clinical 

examination. The therapist should take into account cost, radiation dose, and how 

the findings will alter the management plan. 

 

In spite of the prognostic value or specificity of the diagnostic nerves blocks in TTS 

is unknown, they are often crucial to the confirmation of the nerve injury and can 

assess the improvement expected from surgical intervention (Jerosch et al., 2006). 

 

 

 

Methodological limitations 

There are other objective and subjective diagnostic modalities available, which 

have not been included in this review, but may be beneficial in clinical practice. 

The limitation on word count and number of references made it hard to look 

through all of them. 

The literature review is subjective in nature and therefore can’t establish the best 

diagnostic test.  

The lack of quality research influences this literature review. The principal point 

being that across all studies reviewed there were no control groups used. Only the 

RCT can provide a definitive conclusion about effectiveness of diagnostic 

modalities or the accuracy of diagnostic technology (Greenhalgh, 2001). In the 

case of TTS it is difficult to compare some imaging modalities, which are different 

in their reference standard, and the study population can have differences in the 

severity of disease and a wide variability of anatomy and etiology. 

 



 

 

 

 

 

 

 

 

 

 

 

6. Conclusion and recommendation  
 

The literature review has found that there is a wide range of diagnostic tests 

available for TTS, but it still remains a diagnostic dilemma. The evidence brought 

together shows that the diagnosis of TTS is a clinical interpretation of subjective 

and objective findings. This statement supports previous findings (Raikin and 

Minnich, 2003; Franson and Baravarian, 2006). There is not a universal diagnostic 

test to confirm TTS or to rule it out. The practitioner must understand that this 

complex disorder produces a set of concurrent symptoms, which makes diagnosis 

really challenging. More information is achieved with well-performed physical 

examination, rather than with some objective diagnostic modalities, which can only 

improve diagnostic accuracy (Lau and Stavrou, 2004; Reade et al., 2001). 

 

The clinician must work out the diagnostic algorithm as a whole for each individual 

patient with respect to the suspected aetiology in order to provide the best 



management. 

 

Clinical recommendations  

1 Practitioners, who have an interest in this field, should focus more research 

into the effectiveness of diagnostic strategies, not only on particular tests. 

2 A diagnostic test should not be considered in isolation, it must fit in the 

diagnostic strategy, which will lead to the right diagnosis and the best 

management decision.  

3 A thorough history and a complete and scrupulous physical examination is the 

best way forward in establishing a diagnosis of TTS. 

4 The clinician who treats peripheral nerve injuries requires a thorough 

understanding of the anatomy of tibial nerve and surrounding tissues. 

Obviously, an appreciation of knowledge in this area allows the practitioner to 

choose a suitable diagnostic test and develop an appropriate treatment plan. 

5 Further anatomical studies would be an advantage in the understanding of this 

disorder. 

6 A systemic review and/or meta-analysis of the quality literature should be done 

to update information in this area. 
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Posterior tibial nerve branches and their innervation. 
(Holmes, 1994).       
Branch                            Innervations 

Calcaneal Medial and posterior aspects of the heel 
Medial  
Plantar  

Cutaneous branches to the plantar medial aspect of the foot 

 Motor branches to abductor hallucis muscle and flexor 
digitorum brevis muscle 

 Branches to talonavicular joint and calcaneonavicular joint 

Lateral 
Plantar  

Motor branches to abductor digit quinti, quadratus plantae 

 Cutaneous nerve to the 5th digit 
   4th common digital nerve 
 Motor branches to lumbricals, 2nd, 3rd, 4th interossei 
 Branches to transverse head adductor hallucis and muscle of  

the 1st interosseous space. 
 



 

 
 
 
 
 
 
 
 
 
 
 
 
Appendix 2 
 
Seddon’s classification of nerve injuries introduced in 
1943. (Tavares, n.d.) 
 

 
 Neurotmesis Axonotmesis  Neuropraxia 
Pathological 

Anatomic continuity 

Essential damage 

 

May be lost 

Complete 
disorganization 

 

Preserved 

Nerve fibres 
interrupted 

 

Preserved 

Selective  
demyelination 

Clinical 

Motor paralysis 

Muscle atrophy 

Sensory paralysis 

Autonomic paralysis 

 

Complete 

Progressive 

Complete 

Complete 

 

Complete 

Progressive 

Complete 

Complete 

 

Complete 

Very little 

Usually much sparing 

Usually much sparing 



Electrical phenomena 

Reaction of degeneration 

Nerve conduction distal 

Motor-unit action 
Potential 
 
Fibrillation 

 

Present 

Absent 

Absent 

 

Present 

 

Present 

Absent 

Absent 

 

Present 

 

Present 

Preserved 

Absent 

 

Occasionally 
 detectable 

Recovery 

Surgical repair 

Rate of recovery 

 

March of recovery 

 

 

Quality 

 

Essential 

1-2mm/day 
after repair 
 
According to 
order of 
innervations 
 

Always imperfect 

 

Not necessary 

1-2mm/day 
after repair 
 
According to 
order of 
innervations 
 

Perfect 

 

Not necessary 

Rapid; days or weeks 

 

No order 

 

 

Perfect 

 

 

 

Appendix 3 
 
 

Information about PSSD  
(Adapted from NKB.COM Available from: http://www.nkb.com/sensory.htm [Accessed 
14th February]) 
 
 
The Pressure-Specified Sensory Device (PSSD)  is a computer-linked, handheld 

instrument that insufficiently sensitive and mobile that it may be used to test sensory 

and motor function of any body surface area. 

 

Neurosensory Testing with the Pressure-Specified Se nsory Device (PSSD)  is a 

non-invasive technique for assessing nerve damage by measuring the pressure 

threshold felt in the skin. By testing an area of the skin that corresponds to a specific 



nerve, the extent of nerve damage can be determined by the amount of pressure 

needed for a person to feel the touch of the testing device. An individual with a healthy 

nerve can feel a very light touch, and has a low pressure threshold. However, a person 

with a nerve that has been damaged by compression or neuropathy will require a 

greater than normal pressure for the touch to be felt, and therefore have an abnormal 

pressure threshold. 

The PSSD machine has been shown to be more sensitive for the diagnosis of foot and 

ankle nerve problems than EMG/NCV testing. 

 

 
                                                                                 

      The PSSD device measures: 

1. 1 point static discrimination  

2. 2 point static discrimination  

3. 1 point moving discrimination  

4. 2 point moving discrimination  

 
 

 
Appendix 4 
    
A set of six criteria to evaluate the literature in  



electrodiagnosis of TTS (Patel et al., 2005)   
 
1 The study was prospective. 

2 The diagnosis of TTS was based on clinical criteria independent of 
the EDX procedures under evaluation. 

3 The EDX procedure was defined, or the reference to a published 
technique was provided, sufficient to permit duplication of the 
procedures. 

4 The limb temperature was monitored 

5 The reference values were reported. 

6 The criteria for abnormality of results of the EDX procedures were 
clearly stated and defined. 

 
 
 
 
 
 

 
 
 
 
 
 
 
 

 
Appendix 5 
 



Degree of nerve compression (Dellon, 1991) 
             Mild            Moderate          Seve re 
Sensory  Inconstant 

paresthesias; 
increased vibratory 
perception 

Inconstant paresthesias; 
normal or decreased 
vibratory perception 

Constant 
paresthesias; 
decrease vibratory 
perception; 
abnormal 2-point 
discrimination 

Motor Subjective 
weakness 

Weakness perceived by 
examiner 

Weakness 
perceived by 
examiner plus sign 
of muscles atrophy 

Clinical 
tests 

Provocative tests 
and Tinel’s sign 
may be positive 

Provocative tests and 
Tinel’s sign are positive; 
resting position of digits 
may still be normal 

Provocative tests 
and Tinel’s sign are 
posivite resting 
position abnormal 

ENG 
tests 

Normal (absolute 
and comparative 

Normal absolute values; 
abnormal values in 
comparison with 
contralateral extremity 

Abnormal values 
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