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INTRODUCTION
Over the last few decades, running has become one 
of the most popular sports. Despite the numerous 
health benefits of practicing this sport, it should be re-
membered that it is also associated with many injuries 
[1]. Runners often experience a variety of injuries, the 
most common of which are related to the knee, foot, 
and ankle. Patellofemoral pain syndrome (PFPS), iliac 
band friction syndrome (ITBFS), and patellar tendon-
itis are the predominant knee injuries, often resulting 
from biomechanical issues and overuse [2, 3]. Foot 
injuries such as plantar fasciitis are also common, ac-
counting for 10% to 20% of all running injuries, with 
excessive loading and biomechanical abnormalities 
being significant contributing factors. Ankle injuries, 
including sprains, are common, accounting for 15% 
of all sports injuries, and often occur in runners due to 
repetitive impact and stress on the lower limbs [4, 5]. 
Additionally, injuries to the hip, pelvis, and thighs, such 
as muscle strains and tendinopathies, are noteworthy, 

often presenting diagnostic challenges and requiring 
a detailed history and physical examination for proper 
management [6]. Overuse injuries are particularly com-
mon in long-distance runners, with a high incidence of 
plantar fasciitis and other foot-related impairments [5]. 
The multifactorial nature of running-related injuries is 
evident, with factors such as previous injury history, 
training load, anatomical abnormalities, and running 
kinematics playing a significant role [7, 8]. Nerve injuries 
are a much rarer group of injuries. This group includes 
compression neuropathies of peripheral nerves. It is a 
rare condition that often goes undiagnosed [9]. A lo-
calized compressive neuropathy of the posterior tibial 
nerve or one of its related branches, either separately 
or together, is what is known as Tarsal Tunnel Syndrome 
(TTS). Runners are particularly susceptible to tarsal tun-
nel syndrome (TTS) due to the unique biomechanical 
demands of running, which can exacerbate conditions 
leading to the compression of the posterior tibial nerve 
within the tarsal tunnel. This group of athletes also often 
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experience trauma or micro-trauma to the ankle, which 
can cause adhesions or swelling in the tarsal tunnel, fur-
ther compressing the nerve [10]. A thorough literature 
search was carried out utilizing well-known databases, 
including PubMed, Scopus, and Google Scholar, in order 
to create this review. The terms “tibial nerve neurop-
athy,” “runners’ injuries,” “foot injuries,” and “return to 
sport activity,” which are associated with the diagnosis 
of tarsal tunnel syndrome, were employed. In order to 
find pertinent research, the search also included phras-
es associated with “imaging techniques,” “risk factors,” 
and “treatment methods.” To guarantee that the most 
recent and relevant information was found, the search 
was restricted to articles published during the last ten 
years, as well as a few significant earlier publications. 
Forty scientific publications in all were chosen because 
they were of high substantive value in the context of 
the issues being considered and offered insightful in-
formation about the situation as outlined. These articles’ 
contributions to the growth of our understanding of 
TTS and their possible therapeutic ramifications were 
carefully examined. 

AIM
The aim of this review is to collect information on 
tarsal tunnel syndrome in order to determine the best 
diagnostic scheme and the possibility of returning to 
physical activity, especially in the group of runners.

MATERIALS AND METHODS
In July and August of 2024, a literature search was 
carried out. We used databases like PubMed and Web 
of Science. The search terms “tarsal tunnel syndrome,” 
“tibial nerve neuropathy,” “runner’s injuries,” “foot 
injuries,” and “return to sport activity” were among 
those that were included. They were examined in the 
databases both separately and together. Articles that 
did not fit the subject criteria were eliminated after 
the titles and abstracts were reviewed since they had 
nothing to do with our work’s focus on steppe isthmus 
syndrome and related diagnostic and therapeutic 
possibilities. To identify the most pertinent research 
studies and reviews, we thoroughly examined the 
remaining publications. The review was evaluated 
independently by two people. Scientific research on 
the diagnostic and therapeutic potential of tarsal tun-
nel syndrome as well as systematic and interventional 
reviews in this area were among the inclusion criteria. 
Key scientific works from earlier times were included 
in the search, which was restricted to scientific articles 
released between 2016 and 2024.

REVIEW AND DISCUSSION

ANATOMY
The tarsal canal is located posteroinferior to the medial 
malleolus. Medially, it is limited by the flexor retinacu-
lum, and laterally, it is limited by the calcaneus and talus. 
Anterosuperior to the canal is the medial malleolus of 
the tibia, while its posteroinferior boundary is the cal-
caneus. Many important structures pass through the 
tarsal canal. These include three muscle tendons (flexor 
hallucis longus, flexor digitorum longus, and posterior 
tibialis), as well as an artery, vein, and posterior tibial 
nerve [11, 12]. This nerve is both motor and sensory, 
innervating the skin of the posterolateral side of the leg, 
the lateral aspect of the foot, and the sole of the foot. It 
shares the cutaneous innervation of the hind leg with 
the saphenous, superficial sagittal, sural, and medial 
calcaneal branches [13]. The tibial nerve, from which 
the posterior tibial nerve originates, originates from 
the roots of the L4-S3 spinal nerve and provides motor 
and sensory innervation to most of the posterior leg 
and foot, including branches such as the medial sural 
cutaneous nerve, medial calcaneal nerve, and medial 
and lateral plantar nerves (Fig. 1) [14].

ETIOLOGY AND EPIDEMIOLOGY
Tarsal tunnel syndrome can be caused by external and 
internal causes. The first group includes injuries, ill-fit-
ting footwear, systemic diseases, and post-operative 
scars. The group of internal causes includes tendon 
sheath inflammation, osteophytes, ligament hypertro-
phy, varicose veins, ganglion cysts, tumors, and neuro-
mas [9, 11]. It is classified as a rare disease by the Office 
of Rare Diseases Research of the National Institutes of 
Health, affecting approximately 1 in 1,500 people, with 
a slightly higher incidence in women (56%). 

The typical patient profile includes adults, mainly 
women, aged 45 to 55 years, often with a history of 
weight gain, swelling, and joint hypermobility. TTS 
can be caused by a variety of factors, including trauma 
(17%), varicose veins (13%), talipes varus (11%), fibrosis 
(9%), and talipes valgus (8%), while 20-40% of cases 
have no discernible cause [15]. However, runners are 
among the groups particularly vulnerable to the oc-
currence of tarsal tunnel syndrome. High compliance 
in this group is related to biomechanical and overload 
factors. Excessive pronation and valgus of the foot while 
running lead to increased tension in the tarsal canal and, 
consequently, to compression of the posterior tibial 
nerve. Mechanical load on the foot while running can 
lead to micro-injuries and chronic inflammation, which 
are also conditions that can lead to compression of the 
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tibial nerve. Risk factors also include biomechanical 
foot abnormalities such as high foot arches, muscle 
imbalance, and low tissue elasticity [16]. Runners are 
also exposed to other injuries, which may lead to the 
development of TTS. In a study, Foster et al. showed that 
ankle sprains may be a potential risk factor leading to 
tibial nerve compression. In a cohort with ankle sprains 
(n = 22,966), TTS occurred in 127 patients within 2 years 
of the sprain. Factors that increased the likelihood of TTS 
were female gender, increasing age, and the presence 
of metabolic syndrome. In addition, an ankle fracture 
associated with an ankle sprain decreased the chance 
of TTS [17].

SYMPTOMS
Tarsal tunnel syndrome is characterized by a range of 
symptoms primarily due to the compression of the 
tibial nerve or its branches within the tarsal tunnel, a 
fibro-osseous passage located on the medial side of 
the ankle beneath the flexor retinaculum [18]. Typical 
symptoms include pain, burning, tingling, and numb-
ness of the plantar aspect of the foot and legs, which 
may sometimes extend to the medial distal calf [19, 20]. 
Patients often report sensory disturbances such as cold 
sensations, foreign body sensations such as walking on 
gravel, and plantar thickening [21]. Pain and paresthesia 
are usually aggravated by activities that increase tarsal 
tunnel pressure, such as prolonged standing or walking, 
and may be alleviated by rest [12].

DIAGNOSIS
One of the tests with relatively high sensitivity is the 
Tinel test. It involves proximal percussion of the nerve 

and is positive in the event of paresthesia in places 
innervated by this nerve. The test is performed by tap-
ping the area above the tarsal tunnel, approximately 
1-2 cm posterior to the medial malleolus and up to 1 
cm above it. This test is simple to perform and signifi-
cantly facilitates the diagnostic process of TTS, which is 
diagnosed based on the medical history and physical 
examination [22, 23].

A tibial nerve compression diagnosis can also be 
made based on the assessment of muscle mobility and 
strength. For this purpose, the dorsiflexion and eversion 
tests prove useful. The presence of pain or severe symp-
toms of paresthesia in this case may indicate TTS [9].

The most useful imaging methods include MRI and 
ultrasound. Magnetic resonance imaging helps identify 
cancerous lesions, bone spurs, and foot deformities. 
Please note that MRI findings should always be as-
sessed in conjunction with clinical findings to avoid 
misdiagnoses [24, 25]. A study by Kim et al. examined 
the usefulness of using this method in preoperative 
planning. It has been shown that MRI can be effective 
for preoperative planning, especially when mass tumors 
are present, as well as when we are dealing with ido-
pathic tarsal tunnel syndrome. However, the high cost 
of the method and its limited availability make it not 
the method of choice for every patient with suspected 
TTS [26].

Ultrasound is a method characterized by its high avail-
ability and low cost of examination. Fantino’s study from 
2014 demonstrated the effectiveness of ultrasound as 
a reliable method for assessing the tarsal canal, which 
significantly facilitates the confirmation of TTS. In 
2021, Fantino et al. examined whether a cross-section 
of the tibialis muscle could be used to diagnose tibial 
nerve compression. It has been shown that patients 

Fig. 1. Anatomy of the 
tarsal cannal.
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with tarsal tunnel syndrome have a significantly larger 
cross-section of the tibial nerve than patients in the 
control group. In 2023, Iborra et al. conducted a study 
examining whether the administration of lidocaine to 
the tibial nerve under ultrasound guidance can help 
in the diagnosis of TTS. The results showed that it can 
be an inexpensive and reliable method to facilitate the 
diagnosis of this pathology. Additionally, improved 
conduction after lidocaine administration may have 
a high predictive value for outcomes after surgical 
decompression [27-29].

Neurophysiological tests also have a place in the 
diagnosis of tarsal tunnel syndrome. One of the most 
common uses is EMG. Particular benefits of using this 
test include the ability to identify specific muscles af-
fected by nerve damage. The test can be widely used 
in the case of neuropathies, including TTS, but it is 
mainly used to confirm the diagnosis and is not used as 
an independent test on the basis of which a diagnosis 
can be made [30].

TREATMENT
The diagnosis of TTS requires the doctor to select ap-
propriate therapy. It depends largely on the etiology 
of the disease, the symptoms presented, and the se-
verity of the disease. Depending on the above factors, 
non-invasive therapies and surgical treatments can be 
chosen [31].

The basic action taken in conservative treatment is to 
limit the load on the affected foot and rest. In situations 
where tibial nerve compression is caused by abnormal 
foot positioning while walking or running, foot orthoses 
are used. Physical therapy and kinesitherapy exercises, 
like gastrocnemius stretching, strengthening the weak 
muscles, and using medical longitudinal arch supports 
and heel or sole wedges to obtain neutral position of 
the foot, seem to be of key importance. They help re-
lieve pain and increase muscle strength, which helps 
the affected foot move properly. Pharmacotherapy 
is also used in the treatment of TTS. Treatment with 
nonsteroidal anti-inflammatory drugs (NSAIDs) reduc-
es pain and inflammation, while local anesthetics are 
particularly effective in the case of inflammatory pro-
cesses and to relieve paresthesia and pain. Other forms 
of non-invasive treatment are also known, such as shock 
wave therapy or laser therapy, but the effectiveness of 
these methods has not been fully confirmed [32, 33].

Surgical treatment is the method of choice when 
conservative treatment options have been exhausted. 
The goal of surgical treatment is to release the tibial 
nerve in order to restore its proper function. The main 
methods are open dissection and decompression of the 

tibial nerve. This is the most common operation and 
is highly effective, but the risk of damaging the tarsal 
canal structure is relatively high. During this procedure, 
it is often necessary to remove pathological changes 
whose presence in the canal leads to nerve compression 
or increased pressure [34].

Minimally invasive methods are becoming more 
and more popular. Their main advantage is less tissue 
destruction, which means less pain and a faster recov-
ery. One of such methods is acupotomy. It involves 
inserting a thin needle into the tarsal canal and using 
it to cut adhesions or tissues to decompress the nerve 
[35]. Subcutaneous endoscopic systems are also used 
to treat TTS; they enable better visualization of the tibial 
nerve and minimize intraoperative bleeding. However, 
they require extensive operator experience and cannot 
cope with larger changes that must be removed in a 
classic operation [36]. There are many benefits to using 
ultrasound in minimally invasive TTS surgery. Precise 
imaging of the structure in the tarsal canal means that 
this method is associated with fewer intra- and postop-
erative complications. However, it requires a long learn-
ing period to master and the availability of appropriate 
equipment to perform the procedure [37]. Minimally 
invasive methods are constantly gaining popularity 
and offer more and more advantages over traditional 
surgery. However, there is still a lack of high-quality 
research confirming the advantage of these methods 
over classical surgery, and their use is limited to a small 
number of centers.

REHABILITATION AND RETURN TO PHYSICAL 
ACTIVITY
Return to physical activity after TTS is closely related to 
the patient’s condition before treatment and the form 
of therapy used. By using appropriate physiotherapy 
methods, scar tissue contractions can be prevented, 
and the joints affected by disease processes can be 
restored to normal ranges of motion [38]. Returning to 
running may be a distant goal that must be achieved 
gradually. Initially, the foot should be gradually loaded, 
and progress should be regularly assessed. Training 
intensity should be increased over a relatively long pe-
riod of time to ensure smooth tissue adaptation. From 
the runner’s perspective, it is extremely important to 
control the appropriate running technique and its bio-
mechanical analysis in order to eliminate irregularities 
that may lead to the recurrence of TTS at the earliest 
possible stage. In order to prevent relapses, several 
important rules should be followed. Sports footwear 
should be selected carefully. It is necessary to introduce 
exercises that strengthen the muscles of the feet and 
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criteria. It constitutes a significant diagnostic and 
therapeutic challenge in the population of runners, 
requiring a comprehensive approach. Effective man-
agement of this disease requires not only proper di-
agnosis and treatment but also the education of run-
ners. TTS prevention among runners should focus 
on education regarding proper running technique, 
selecting appropriate footwear, and the importance 
of regeneration and strengthening exercises. As 
the popularity of amateur running increases, it be-
comes crucial to increase awareness of TTS among 
medical specialists, which may contribute to earlier 
detection, more effective treatment, and better 
prevention of this condition, enabling runners to 
safely return to sports activity and minimizing the 
risk of recurrence.

calves. Appropriate regeneration, including stretching 
and massages, also becomes crucial, which ensures 
better blood supply and elasticity of the tissues and 
prevents injuries [39]. Post-surgical rehabilitation fo-
cuses on restoring joint function and muscle strength 
through isometric exercises, lymphatic drainage tech-
niques, and proprioception exercises. This multi-stage 
physiotherapy approach ensures the gradual return to 
full limb functionality and includes specific exercises to 
rebuild muscle strength and overall physical efficiency, 
particularly for patients aiming to return to sports [40].

CONCLUSIONS
Tarsal tunnel syndrome is a rare disease for which 
there are still no clear diagnostic and treatment 
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