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Abstract
Purpose of Review Running-related injuries (RRIs) are a common cause of dysfunction among runners. Foot and ankle 
injuries are among the most common RRIs. The purpose of this review is to detail current concepts in the pathophysiology, 
evaluation, management, and prevention of foot and ankle RRIs.
Recent Findings Running gait analyses are helpful in identifying biomechanical and kinematic abnormalities that can be 
targeted in rehabilitation. Musculoskeletal ultrasonography is now being used to both qualitatively and quantitatively assess 
tissue integrity to guide diagnosis, prognosis, and return to run decision-making. Recent treatment analyses have demon-
strated that rehabilitation exercises are vital for restoring tissue function. The effectiveness of gait retraining and shoe modi-
fication is unclear. There is emerging evidence that training the foot core muscles is preventative against RRIs. Although 
injections such as orthobiologics have recently gained popularity, their long-term effectiveness in the management of foot 
and ankle RRIs remains inconclusive.
Summary A comprehensive review of RRI risk factors and a thorough physical examination are vital for identifying RRIs. 
Ultrasonography is an emerging diagnostic modality for RRIs. Treatment should center around extrinsic risk factor reduc-
tion, activity modification, rehabilitative exercise, and a gradual return to run progression. Caution should be used when 
considering injections, particularly orthobiologics, for the management of RRIs. Future research should be performed to 
investigate the effectiveness of gait modification and the effectiveness of orthobiologics in the treatment of RRIs.

Keywords Running injury · Foot and ankle injury · Tendinopathy · Injury prevention · Running injury treatment · Running 
evaluation

Introduction

It is estimated that 40% of runners are injured on a yearly 
basis [1]. The foot and ankle are the first structures in the 
running gait cycle to accept the vertical ground reaction 
force at initial contact and the final structures propelling the 
body forward at takeoff [2]. The foot and ankle function as 
force attenuators at initial contact and springs at takeoff. It 
is no surprise then that the foot and ankle are common sites 
of running-related injuries (RRIs) [1, 3].

This review will discuss the pathophysiology, evaluation, 
management, and prevention of common foot and ankle 
RRIs. In a 2016 review, Tenforde explored the evaluation 
management of running-related tendinopathies, ligament 
and fascia conditions, bone conditions, joint disorders, and 
nerve disorders [4]. We will take a similar approach with 
our review of the overuse injuries in the foot and ankle with 
an emphasis on the most recent developments in evaluation 

 * Alexis S. Tingan 
 alexis.tingan@jefferson.edu

 Aisha Bowen 
 aisha.bowen@jefferson.edu

 Chelsea Salas-Tam 
 chelsea.salas-tam@jefferson.edu

 Matthew Roland 
 matthew.roland@jefferson.edu

 Apurva Srivastav 
 apurva.srivastav@jefferson.edu

1 Division of Sports and Exercise Medicine, Department 
of Family and Community Medicine, Thomas Jefferson 
University, 1015 Walnut St. Suite 401, Philadelphia, 
PA 19107, USA

2 Department of Rehabilitation Medicine, Thomas Jefferson 
University, 1015 Walnut St. Suite 401, Philadelphia, 
PA 19107, USA

http://crossmark.crossref.org/dialog/?doi=10.1007/s40141-024-00437-7&domain=pdf


 Current Physical Medicine and Rehabilitation Reports

and management. Our focus will be on the most common 
injuries and those injuries with the most recent clinical find-
ings. Where appropriate, we will also emphasize preventa-
tive techniques for these conditions.

While traumatic injuries are frequent among runners, the 
majority of RRIs are due to overuse [1, 3]. We will therefore 
primarily focus on injuries affected by the repetitive nature 
of running. We will begin with a discussion of the core prin-
ciples of the pathophysiology, evaluation, management, and 
prevention of foot and ankle RRIs. We will then proceed to 
a discussion of specific injuries.

Pathophysiology of Running‑Related 
Injuries

There is evidence that humans are specifically adapted to 
run, but the prevalence and incidence of overuse injuries 
in modern runners suggests an environmental mismatch 
between the applied load to the body and the body’s abil-
ity to repeatedly accept this load [5–8]. This disequilibrium 
in tissue homeostasis causes tissue damage in specific foot 
and ankle structures which then causes pain related to these 
structures. Modulating tissue load and tissue integrity is 
therefore vital in the management and prevention of RRIs.

Evaluation of Foot and Ankle 
Running‑Related Injuries

The initial evaluation of overuse of foot and ankle RRIs 
should begin with understanding why the patient is running. 
There are various reasons for running: health, recreation, 
athletic scholarship, competition, mental health, and even 
transportation [9–11]. Understanding the reason for running 
allows the clinician to craft an individualized treatment plan 
for the injured runner.

The clinician should next identify the source of the tis-
sue load disequilibrium. This should begin with a detailed 
history and physical examination. History should identify 
the extrinsic sources of injury and focus on the level of com-
petition, past injuries, training volume, running surfaces, 
shoe wear, age, sex, body weight, systemic diseases, and 
risk factors for relative energy deficiency in sport (RED-
S). Physical examination identifies the intrinsic sources of 
injury and should follow the typical musculoskeletal sys-
tematic approach of inspection, palpation, range of motion, 
strength, neurovascular testing, and special tests. Observa-
tion of walking gait is also useful to evaluate the degree 
of dysfunction the injury is causing. In high-level athletes 
and patients with chronic foot and ankle injuries, a running 
gait analysis is performed to identify biomechanical and 
kinematic features that may predispose the runner to injury. 

However, caution should be used with findings from running 
gait analyses as they are typically performed in a controlled 
setting indoors on a treadmill and do not reflect the typical 
running environment of most runners [12].

Many overuse running injuries in the foot and ankle 
are clinical diagnoses and do not require diagnostic test-
ing. Diagnostic testing in these cases is indicated when the 
diagnosis and cause are not clear, there is concern for a 
more serious condition, or symptoms are persistent despite 
appropriate conservative management. For two of the diag-
noses discussed in this review, bone stress injuries (BSI) and 
osteoarthritis, diagnostic imaging is necessary to definitively 
establish the diagnosis [13, 14].

Management and Prevention 
of Running‑Related Injuries

The crux of the treatment and prevention of overuse of RRIs 
lies in modulating the load applied to the foot and ankle 
with the integrity of the tissues accepting the load. The most 
straightforward method to treat and prevent these injuries is 
running volume modification [7, 8, 15]. For example, in our 
practice, many runners have an inadequate understanding of 
the appropriate amount of running volume. In these cases, 
we have found that simply decreasing the running load can 
heal the running injury without the need for medications, 
rehabilitation exercises, or invasive treatments.

Other treatments include rehabilitation, orthotics, non-
steroidal anti-inflammatory drugs (NSAIDs), injections, and 
surgical management. Of these, rehabilitation most effec-
tively restores optimal biomechanics needed to withstand 
the repetitive stress of running [16–20]. Foot core training 
is emerging as an effective rehabilitation method [21]. Foot 
core exercises train the intrinsic muscular, extrinsic muscu-
lar, and neuromuscular function of the foot and ankle [18]. 
This optimizes the force dampening function of the foot 
and ankle on initial contact and the spring-like function on 
takeoff. Such training can be used for the treatment and pre-
vention of foot and ankle RRIs. In a 2020 randomized trial, 
Taddei demonstrated that foot-core-trained running athletes 
were 2.42 times less likely to sustain any RRI, including foot 
and ankle RRIs [22••].

Much has been made of the relationship between foot 
strike pattern and RRIs. It is notable that the foot and ankle 
experience higher impact forces with rear foot striking (RFS) 
compared to forefoot striking (FFS) [2, 23] However, to date, 
there is no strong evidence suggesting that modification of 
foot strike pattern is preventative against RRI. Nonethe-
less, gait retraining can be used to treat specific foot and 
ankle diagnoses [19]. Further, increasing running cadence 
has been shown to improve running kinematics and reduce 
impact loading on the lower extremities [23, 24]. A 2022 
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analysis by Shen showed that combining foot core exercises 
with gait retraining (RFS to FFS) positively affects foot bio-
mechanics and kinematics [25•].

Shoe wear and shoe wear modifications are also an area 
of inconclusive evidence. The debate between shod and 
barefoot running began in earnest with the publication of 
the popular book Born to Run in 2009 [26]. Although run-
ning kinematics are improved with barefoot running, there 
is no consensus if barefoot running confers specific advan-
tages to the treatment and prevention of RRIs [27]. In a 
2021 randomized single-blinded controlled trial, Hollander 
demonstrated that switching from shod to barefoot running 
decreases running stability over time [28]. Further, barefoot 
runners preferentially FFS which may predispose the foot to 
more stress on the forefoot on initial contact and increase the 
eccentric loading forces in the posterior compartment of the 
lower leg [2, 27]. In our practice, we do not advise a change 
in shod condition if a runner is running pain-free and achiev-
ing their desired fitness goals. For those that wish to change 
their shod conditions, we recommend moderation and a slow 
transition from shod to barefoot or barefoot to shod.

The typical advice given to runners is to replace run-
ning shoes every 300 to 500 miles or every 3 to 6 months 
[29]. In one of the earliest shoe-wear biomechanical studies, 
Cook showed that shoes retain less than 60% of their initial 
shock absorption capacity between 250 and 500 miles [30]. 
Therefore, runners should habitually exchange their shoes 
at regular intervals. Orthotics are sometimes prescribed to 
runners to alter foot mechanics with specific injury patterns. 
However, there is a paucity of evidence for their effective-
ness as a preventative strategy.

NSAIDs and injections are primarily temporizing treat-
ments that do not significantly alter foot and ankle biome-
chanics. Injection care includes corticosteroids, anesthet-
ics, prolotherapy, botulinum toxin, hyaluronic acid, and 
orthobiologics. Regenerative medicine using orthobiologic 
injections such as platelet-rich plasma (PRP) and stem cells 
continue to be an emerging treatment option that we will 
discuss further in specific diagnoses. Surgery is typically 
reserved for recalcitrant cases of overuse injuries.

Achilles Tendinopathy

Achilles tendinopathy (AT) is one of the most common 
RRIs with an incidence and prevalence of 10.3% and 6.6% 
respectively among non-ultramarathoners [1]. It carries a 
lifetime cumulative incidence of 52% [31]. The medial and 
lateral gastrocnemius join the deep soleus to form the Achil-
les tendon. The Achilles tendon inserts onto the posterior 
calcaneus and functions as the primary plantar flexor of the 
foot and ankle [32, 33] Acutely, Achilles tendinitis refers to 

inflammation involving the Achilles tendon and paratenon. 
This is distinguished from the more accurate term Achilles 
tendinopathy which refers to a chronic histopathologic degen-
erative process due to overuse and cumulative microtrauma 
causing remodeling of the tendon tissue [4, 32, 34, 35].

AT is primarily a clinical diagnosis. Patients typically 
report developing Achilles or calcaneal pain associated with 
running. Evaluation begins with a thorough history exam-
ining extrinsic risk factors [36]. The clinician should also 
inquire about a history of acute injury. Physical exam fol-
lows the previously described typical systematic approach 
to musculoskeletal injuries in runners. Examination begins 
with inspection for deformity, swelling, bruising, and ery-
thema. Observation of antalgic gait can reveal a more severe 
tendinopathy. On palpation, special attention should be paid 
to the two most common sites of injury at the tendon inser-
tion site and the hypovascular zone 2 to 6 cm proximal to 
the tendon insertion [37, 38]. Deficits in ankle dorsiflexion 
between the affected and nonaffected ankle can be seen in 
AT. Special tests include the painful arc test and the Royal 
London Hospital test to assess the focal point of pain [17]. 
Functional tests such as the heel-rise test and the hop test are 
also useful to assess the degree of injury [16]. Other special 
tests have utility in ruling out other Achilles and calcaneal 
pathologies. The Thompson test can rule out tendon ruptures 
in cases of acute presentation of Achilles tendon pain [39]. 
The calcaneal squeeze test evaluates for a bone stress injury 
(BSI) at the calcaneus.

Imaging is typically not initially indicated for the diagno-
sis of AT. Weight-bearing lateral and axial radiographs can 
show calcaneal enthesopathy and calcific tendinitis, indicat-
ing the source of pain. Magnetic resonance imaging (MRI) is 
valuable in ruling out Achilles tendon rupture and calcaneal 
stress injury. On MRI, AT is associated with a dysmorphic, 
enlarged tendon, and retrocalcaneal bursitis [40, 41].

Musculoskeletal ultrasonography has emerged as a very 
useful modality to assess the Achilles tendon. Ultrasonogra-
phy evaluates tendon morphology and the presence of patho-
logic conditions. In particular, the presence of neovasculari-
zation on ultrasonography is a useful indicator of the source 
of pain. There is evidence that pain pathways associated with 
tendinopathy are due to the proximity of nerve structures to 
new blood vessel formation [42, 43]. Recently described 
shear-wave elastography (SWE) is a type of ultrasonogra-
phy that measures the mechanical properties of the Achilles 
tendon [16, 44, 45]. Newer analyses employ radiomics with 
ultrasonography to quantitatively assess AT [46]. Although 
ample evidence exists showing morphologic changes in the 
Achilles tendon in asymptomatic individuals, ultrasono-
graphic analyses can nonetheless be useful to predict future 
development of AT and to track prognosis and progression 
with treatment [16, 47, 48].
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Running gait analyses evaluate biomechanical and kin-
ematic risk factors for the development of AT. Historically, 
foot overpronation was thought to significantly contribute 
to the development of AT [49, 50]. However, a recent sys-
tematic review and metanalysis demonstrated the primary 
difference between runners with AT and controls is rearfoot 
eversion at the initial heel strike [50].

Acute phase AT management focuses on achieving 
adequate pain reduction with a trial of rest, stretching, 
ice, and NSAIDs as needed. Immobilization in a boot may 
be helpful for particularly painful cases, but the length of 
time in a boot should be limited to avoid the development 
of ankle stiffness. Long-term management of AT centers 
around modifying running volume and optimizing Achil-
les tendon load capacity [16]. Rehabilitation continues to 
be the treatment with the highest level of evidence for the 
treatment of Achilles tendinopathy [16, 17]. AT rehabilita-
tion phases emphasize tendon loading to promote tendon 
remodeling, decrease pain, and improve lower leg strength 
and endurance [16, 51]. Rehabilitation also addresses bio-
mechanical and kinematic abnormalities in the foot, ankle, 
and entire kinetic chain identified on running gait analysis.

Runners with refractory disease may consider extracor-
poreal shock wave therapy (ESWT), prolotherapy, or ortho-
biologic injections. All of these treatments have shown 
potential for pain relief in case series but have not proven 
to be superior to rehabilitation for long-term pain relief and 
return to running [17]. In a 2023 systematic review and 
meta-analysis by Masiello comparing PRP injection for AT 
against placebo, PRP did not show statistically significant 
improvement versus the control group [52]. Due to the well-
established link between steroid injection and risk for rup-
ture in high load–bearing tendons, we do not recommend 
steroid injection into the Achilles tendon. Given these find-
ings, our recommendation is to educate the runner on the 
risks and benefits of these treatments in a shared decision-
making treatment plan.

Prevention of AT centers around appropriate running vol-
ume and optimizing running mechanics. Foot core training 
has shown promise in preventing AT and other RRIs [22••]. 
Avoiding fluoroquinolones and other medications that are 
associated with tendinopathy is advised to lower the risk of 
AT [32]. There are inconsistent findings on alcohol intake, 
but higher consumption may inhibit collagen synthesis and 
increase risk [53]. Collagen supplements may be beneficial, 
but specific dosage, timing, and duration are unknown ([53].

Plantar Fasciopathy

Plantar fasciopathy represents one of the more common 
running-related injuries and affects up to 17.4% of the run-
ning population [3, 20, 54]. The plantar fascia originates 

from the posteromedial calcaneal tuberosity and inserts into 
each metatarsal head to form the longitudinal arch of the 
foot. It functions as a static and dynamic stabilizer of the 
medial longitudinal arch of the foot. Plantar fasciopathy 
is the preferred term as it encompasses the entirety of the 
inflammatory and degenerative components of the condi-
tion [55]. Repetitive stress of the plantar fascia results in 
this histopathologic process.

The runner will typically present with pain on the medial 
plantar surface of the foot. The symptoms are often worse in 
the morning upon taking the first steps of the day. With run-
ning, symptoms typically improve during the run and worsen 
upon completion of the run.

Physical examination begins with inspection for pes cavus, 
pes planus, and leg length discrepancy, all of which are associ-
ated with plantar fasciopathy [56, 57]. Observation of antal-
gic gait can reveal a more severe fasciopathy. Palpation of the 
medial calcaneal tubercle often elicits sharp pain. Decreased 
ankle range of motion is an important risk factor for plantar 
fasciopathy [56, 57]. The calcaneal squeeze test evaluates for 
a BSI at the calcaneus.

Diagnostic imaging is not initially needed if history 
and physical examination clearly indicate plantar fascio-
pathy. Weight-bearing foot radiographs can reveal calca-
neal enthesophytes; however, there is not a direct asso-
ciation between heel spurs and plantar heel pain. MRI 
more specifically evaluates the integrity of the plantar 
fascia, assesses for the presence of plantar fascia rupture, 
and can evaluate for a BSI. As with other foot and ankle 
RRIs, ultrasonography is proving to be a useful diagnostic 
modality [20].

As with other overuse injuries, rest and running vol-
ume modification are the initial steps for the management 
of plantar fasciopathy. Rehabilitation exercises are the 
cornerstone of management. There is high-level evidence 
that passive stressing and progressive eccentric loading 
are effective exercise approaches [20, 58, 59]. Injection 
care with corticosteroids, botulinum toxin, and PRP has 
shown long-term benefit. However, these studies were pri-
marily performed on non-runners, and their application 
to the long-term care of runners is unclear [20, 58]. We 
recommend plantar fascia injections be performed using 
ultrasound guidance to minimize complications such as 
neurovascular damage, fat pad atrophy, and plantar fascia 
rupture. Other treatments include manual therapy, ionto-
phoresis, low-dye and calcaneal taping, ESWT, and acu-
puncture. These treatments can help with symptoms but 
there is no high-quality evidence demonstrating their long-
term effectiveness [20, 58]. There is not good evidence that 
a specific gait retraining program for plantar fasciopathy 
confers long-term benefit.
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Posterior Tibial Tendon Dysfunction

Posterior tibial tendon dysfunction (PTTD) has an incidence 
and prevalence of 0.4% and 1.1% respectively among non-
ultramarathon runners [1]. The tibialis posterior is the pri-
mary inverter of the foot and ankle. PTTD is a four-stage 
process starting from acute inflammation and ending in ten-
don degeneration and painful pes planus deformity [60, 61]. 
The retromalleolar region is hypovascular and susceptible to 
tendinopathy [62].

The runner typically presents with medial foot and ankle 
pain and difficulty with tendon loading activities [63]. Loss 
of the medial longitudinal arch may be seen [64]. Positive 
exam findings are pain on palpation of the tendon, swelling 
around the tendon, pain/weakness with ankle/foot inversion, 
and pain or weakness with a single leg heel raise [62, 65]. 
Radiography is useful to rule out fracture in acute injury 
and to evaluate foot/ankle morphology predisposing to 
PTTD [66]. MRI is useful to evaluate abnormalities in the 
surrounding medial ankle structures. Ultrasonography has 
emerged as an indispensable tool in the evaluation of PTTD 
as it allows for direct visualization of the posterior tibial 
tendon and tendon sheath along the four-stage pathophysi-
ologic process [66].

PTTD treatment is primarily non-operative with NSAIDs, 
immobilization, bracing, and foot orthoses for arch support 
Rehabilitation focuses on eccentric exercises to stretch the 
tight gastrocnemius and strengthen the tibialis posterior 
muscles [64, 67]. There is low-quality evidence for preven-
tion with orthotics or shoe type [18]. There is little research 
on the role of kinematics and gait retraining for PTTD in 
runners, but qualitative abnormalities seen on gait analyses 
can be targets for orthotic and rehabilitative management. 
Corticosteroids should be used with caution in this high 
load–bearing tendon. We are not aware of any peer-reviewed 
case reports or clinical studies involving PTTD and ortho-
biologic treatment. Surgical management is considered in 
recalcitrant or late-stage cases [62, 64, 66].

Bone Stress Injuries

Bone stress injuries (BSI) in runners are a common injury 
with an incidence and prevalence of 4% and 5.7% respec-
tively [1]. Opposed to many other overuse RRIs, the initial 
mismanagement of BSIs can lead to significant morbidity, 
and the clinician should maintain a healthy suspicion of 
BSI in certain clinical settings. The most common sites of 
foot and ankle BSI are in the tibia, fibula, metatarsals, tarsal 
navicular, and calcaneus [68]. BSIs are caused by micro-
damage from repetitive mechanical loading and overuse 

that surpasses the adaptive ability of bone remodeling [69]. 
High-risk BSIs in the foot and ankle are the navicular, base 
of the fifth metatarsal, great toe sesamoids, talus, and the 
medial malleolus [13]. These bones are at risk either due to 
their delayed clinical diagnosis or their relative hypovascu-
larization leading to improper healing or non-union [13].

BSIs typically present in runners as an insidious foot or 
ankle pain in an acute to subacute period. Clinical evalua-
tion begins with the assessment of intrinsic and extrinsic 
risk factors with an emphasis on sudden changes in run-
ning regimen, female gender, hormonal disorders, low bone 
density, increased physical activity, irregular or angled run-
ning surface, improper footwear, vitamin D levels, calcium 
deficiency, and smoking [70]. Particular emphasis is placed 
on screening for RED-S and the female athlete triad which 
include low energy availability, disordered eating, irregular 
menses, and low bone mineral density.

Initial gait evaluation may reveal antalgic gait involving 
the affected limb. Specific palpation of the foot and ankle 
anatomy accurately gauges tenderness for specific fractures 
[71]. The hop test also assesses for pain by stressing the 
bone. Radiographs, computed tomography, and MRI can 
confirm the diagnosis of a BSI. MRI is considered the gold 
standard for its ability to evaluate the bone and surround-
ing tissues simultaneously [13]. MRI is also very useful in 
determining return to run progression for competitive run-
ning athletes [72, 73].

The management of BSIs is guided by classification based 
on risk, ranging from low to high risk of complicated heal-
ing. High-risk fractures require non-weight-bearing status 
and referral to a foot and ankle surgeon for appropriate man-
agement [74]. Low-risk BSIs respond well to immobilization 
or use of a walking boot to achieve pain-free ambulation. 
The advancement of weight bearing and running should 
involve a progressive, systematic approach such that each 
stage is pain-free. Treatment of risk factors for RED-S and 
the female athlete triad continues to be a vital component in 
the treatment and prevention of BSIs. In particular, recent 
analyses have demonstrated a decrease in BSIs with a sup-
plementation of 800 IU 25(OH)D and 2000 mg calcium 
[75]. Preventative use of bisphosphonates has not shown a 
significant impact on BSI incidence [76].

Bone stimulation to promote BSI healing has received 
some recent attention. PRP, stem cells, pulsed parathyroid 
hormone treatment, electrical osseous stimulation, and 
extracorporeal shockwave therapy have all been recently 
described as means to accelerate BSI recovery. There is 
conflicting evidence to the wide-scale efficacy of these treat-
ments; therefore, careful patient selection and risk vs ben-
efit discussion are vital prior to implementing any of these 
interventions [77–82].
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Osteoarthritis

As more individuals of advanced age wish to participate 
in physical activity, the prevalence of degenerative joint 
conditions will increase accordingly. The relationship 
between foot and ankle osteoarthritis and running is not 
well described. There does not appear to be a direct link 
between running and the development of osteoarthritis [83]. 
Nonetheless, given the prevalence of osteoarthritis in the 
general population, an understanding of osteoarthritis and 
the treatment options is vital for the clinician treating run-
ners with this condition. The talonavicular and first metatar-
sophalangeal joints are the most affected joints in foot and 
ankle osteoarthritis [14, 84].

Clinical evaluation begins with history acquisition to 
rule out other sources of pain and dysfunction. The patient 
will typically report chronic bilateral pain associated with 
weight bearing and joint stiffness that is alleviated by activ-
ity and may be only present in the mornings. The exami-
nation begins with observation for antalgic gait and other 
gait abnormalities. On physical exam, crepitus, swelling, 
joint-line tenderness, and bony enlargement of the affected 
joint can be seen. Deformities and abnormal mobility with 
hallux valgus and hallux rigidus can also be observed [14, 
85]. Radiography remains the gold standard for the initial 
diagnosis of foot and ankle osteoarthritis [14, 86].

Conservative management involves reducing modifiable 
risk factors such as weight and smoking while also optimiz-
ing pain control and tissue strength with medications and 
rehabilitation exercises. For recalcitrant cases, injections 
may be considered. Traditional injections include corticos-
teroids and hyaluronic acid. These have shown benefit in 
inflammatory osteoarthritis [87]. Newer techniques involv-
ing PRP and stem cells have shown conflicting results [87]. 
As with any interventional pain treatment for RRI, the cli-
nician should thoroughly explain the risks and benefits of 
treatment before proceeding. Running progression with foot 
and ankle osteoarthritis should follow the patient’s symp-
toms. Patients should be encouraged to advance their run-
ning as symptoms allow.

Morton’s Neuroma

The exact prevalence of Morton’s neuroma is not known; 
however, it tends to affect middle-aged women [88, 89]. 
Morton’s neuroma is not a true neuroma, but a neuropathy 
characterized by fibrosis of the common interdigital nerve. 
It is thought to develop from chronic repetitive microtrauma 
[89]. In runners, it may be exacerbated by repetitive hyperex-
tension of the metatarsal arch [90]. It most commonly affects 
the second or third intermetatarsal space [91].

Patients typically present with localized pain at the plan-
tar aspect of the third webspace that may be associated with 

paresthesia. Physical exam findings include pain with pal-
pation of the affected area. The squeeze test is performed 
by squeezing the metatarsals together, which further com-
presses the neuroma and elicits symptoms [89]. Diagnosis 
is typically clinical, but ultrasonography or MRI may be 
helpful in difficult cases. Both ultrasonography and MRI 
are highly sensitive and specific, with MRI slightly more 
specific than ultrasonography (100% vs 85% respectively) 
[89, 92].

Initial conservative management includes footwear modi-
fications (e.g., wider toe box) and metatarsal pads. Mobi-
lization and manipulation have been shown to decrease 
pain, likely by decreasing the stiffness of connective tissue 
surrounding the nerve [93]. Several randomized controlled 
trials report that corticosteroid injections provide clinically 
significant pain relief at 12 months [94]. Younger patients 
and larger neuromas (> 5 mm) predict the need for repeat 
injection or surgical excision [95]. Other newer modalities 
include ESWT, laser therapy, radiofrequency ablation, cryo-
therapy, and botulinum toxin injections. Published reports 
of these treatments are primarily case reports and retrospec-
tive studies. More high-quality randomized controlled trials 
are needed to study the efficacy of these newer modalities. 
There is no proven method of preventing Morton’s neuroma, 
although proper footwear that avoids significant compression 
is recommended.

Tarsal Tunnel Syndrome

Tarsal tunnel syndrome (TTS) is the fifth most common 
entrapment neuropathy [96]. Women are more likely to be 
affected than men [97]. The two common causes are idi-
opathic and posttraumatic. Long-distance runners are espe-
cially at risk due to repetitive stress at the peri-articular 
ankle region [96].

TTS is an entrapment neuropathy of the posterior tibial 
nerve. The posterior tibial nerve provides sensory innerva-
tion to the plantar and medial aspect of the foot as well as 
motor innervation to the intrinsic muscles of the foot. Pathol-
ogy occurs when there is compression of the tunnel by any 
space-occupying lesions, vascular malformations or varicose 
veins, lower extremity edema, inflammation, or repetitive 
trauma. Running athletes may be predisposed due to hyper-
pronation and poor mechanics, causing repetitive trauma and 
entrapment of the tibial nerve [90]. In athletes, tarsal tunnel 
syndrome is caused by fibrosis of periarticular ankle tissues, 
deltoid ligament injury, or osseous changes [96].

Patients may present with a burning or cramping pain at 
the medial ankle that radiates to the plantar arch of the foot. 
If the medial calcaneal nerve is affected, then the patient 
may have heel pain [98]. Fifty percent of patients with tarsal 
tunnel syndrome report a cold sensation in the medial and 
lateral plantar nerve distribution [99]. Running, jumping, 
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and tight-fitting shoes tend to exacerbate symptoms. Pes 
planus and hindfoot valgus are anatomic risk factors. Tinel’s 
sign is positive if symptoms are reproduced with the percus-
sion of the tarsal tunnel. Eversion with great toe dorsiflexion 
can be performed to provoke symptoms [98]. With the Trep-
man test, the foot is passively plantarflexed and inverted to 
provoke symptoms. The triple-compression test combines 
the Trepman and Tinel’s tests [99]. Initial imaging with foot 
and ankle x-rays can show osteophytes, deformities, or taloc-
alcaneal coalition [98]. MRI and ultrasonography can reveal 
lesions causing compression. Electromyography is helpful 
in identifying which branches of the posterior tibial nerve 
are affected [99].

Conservative management should be trialed for 
12–24 months before surgery is considered, unless there is 
evidence of muscular atrophy. Custom orthotics with medial 
arch support and wedges can be used to address hyper-pro-
nation and hindfoot valgus. Heat and ice have been dem-
onstrated to be successful in prior studies. Pharmacologic 
management with non-steroidal anti-inflammatory medi-
cations, tricyclic antidepressants, and GABA analogs are 
shown to have some benefits. Physical therapy is recom-
mended to focus on strengthening the gastrocnemius, soleus, 
peroneal, and tibialis muscles, as well as Achilles tendon 
flexibility [98, 99]. Corticosteroid and anesthetic injections 
can be beneficial in patients with an inflammatory etiol-
ogy, such as rheumatoid arthritis or tenosynovitis [96, 97]. 
Ultrasonography-guided anesthetic and corticosteroid injec-
tions are often used before considering surgery [97]. Classi-
cally, surgical management is achieved with an open tarsal 
tunnel release. Recent studies have demonstrated success 
with minimally invasive techniques using endoscopy and 
ultrasonography [99, 100]. Ultrasound-guided pulsed radi-
ofrequency was recently used in a case study for intractable 
symptoms [99]. There are no studied methods for prevention 
although proper running mechanics and shoe wear are likely 
to provide benefit.

Jogger’s Foot

Jogger’s foot is an entrapment neuropathy of the medial 
plantar nerve (MPN). It is a common pathology in runners, 
particularly in those with heel valgus and hyper-pronation 
[90]. The MPN provides sensory innervation to the medial 
plantar aspect of the foot, including the first three digits and 
the medial aspect of the fourth digit. The MPN can be com-
pressed via repetitive eversion as it passes through the flexor 
retinaculum in proximity to the master knot of Henry. Pes 
planus and abductor hallucis hypertrophy are thought to be 
anatomic risk factors [101, 102].

Jogger’s foot presents with paresthesias and pain at 
the medial arch that radiates to the first through third toes 

exacerbated by activity and shoes. On physical exam, there 
is pain with palpation of the abductor hallucis near the 
navicular tuberosity [98]. Reproducible pain or paresthe-
sias may be induced by eversion, heel raise, or Tinel’s at the 
MPN [90]. Imaging is not necessary for diagnosis; however, 
a recent study demonstrated the utility of abnormal signal 
intensity on MRI [101]. We recommend imaging only if the 
diagnosis is not clear.

The management of jogger’s foot is similar to that of 
tarsal tunnel syndrome. Conservative management with 
proper footwear and orthosis is first line of treatment. Sur-
gical release of the medial plantar nerve is recommended in 
those who have failed conservative treatment [98].

Conclusion

Foot and ankle injuries are a common cause of RRIs due 
to the foot and ankle’s role throughout the running gait 
cycle. Most foot and ankle RRIs are due to overuse. Injury 
occurs because of a disequilibrium in tissue homeosta-
sis. It is vital to employ a systematic approach to the his-
tory of and physical exam of the injured runner. Running 
gait analysis is a helpful tool to assess RRIs in high-level 
athletes and runners with chronic foot and ankle injuries. 
Musculoskeletal ultrasonography has emerged as a very 
useful modality to assess RRIs qualitatively and quanti-
tatively. Running volume modification and reduction of 
extrinsic risk factors are the initial steps in the treatment 
and prevention of RRIs. Recent evidence suggests that 
rehabilitative exercises should remain the cornerstone of 
recovery in RRIs. Recent analyses have also shown that 
foot core exercises can be preventative in foot and ankle 
RRIs. There is unclear evidence that shoe modification and 
gait retraining are protective against RRIs or effective in 
treating RRIs. Caution should be used when considering 
injections, particularly orthobiologics, for the manage-
ment of RRIs. The decision to proceed with this treatment 
should be a shared decision-making process in which the 
patient clearly understands the risks, benefits, and limi-
tations of injection care. Future research should be per-
formed to investigate the effectiveness of gait modification 
and the effectiveness of orthobiologics in the treatment of 
foot and ankle RRIs.
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