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Abstract  

Title  

Atypical Pronation of the Sub-Talar Joint: Its Implications on the Lower Limb  

Background  

Atypical pronation of the sub-talar joint, or overpronation of the foot, as it is more 

commonly known, is a current subtopic in foot and lower limb-related biomechanical 

issues. Typical pronation is a tri-planar movement that involves eversion of the hindfoot, 

combined with abduction and dorsiflexion of the forefoot. Atypical pronation is 

recognized when this motion is excessive, and may be determined by the extent and 

duration to which this occurs according to the rhythmic timing during the gait pattern. It 

is a mechanical problem of the foot that primarily results from a subluxation or shift of the 

sub-talar joint and bones of the mid- and hind-foot. As a common finding in the general 

population, especially in those with flexible flat feet, atypical pronation may result 

chronically in a displacement of the bones and joints of the lower limb. Research has stated 

that excessive pronation of the ankle-foot complex may cause change in position of certain 

bones in the lower limb. This is believed to occur through an interaction between foot and 

pelvis through a kinetic chain mechanism. Furthermore, it has been stated that atypical 

pronation may affect weight transfer of the lower limb during gait that may lead to 

functional changes, overuse injuries and other problems further up along the chain of 

movement, even as far as the pelvis and low back. Some evidence exists to connect 

secondary associated conditions with atypical pronation. These symptoms are quite broad, 

and have been shown to vary from localized ankle pain to low back pain. Additional 

studies related atypical pronation to overuse injuries of the lower limb involving 

ligaments, muscles, tendons and other soft tissues, such as the plantar fascia. Little is 

known or understood about the specifics of this condition and its implications on the lower 

limb.   

Objectives  

This thesis will explore if atypical pronation of the sub-talar joint holds any implications 

to the lower limb and attempt to describe what those implications are. It will review the 



 

epidemiology, development, and mechanics behind atypical pronation. It will explore the 

evidence on atypical pronation-related injuries. My questions for investigation are the 

following:  

1. What are the implications of atypical pronation on the lower limb with respect to 

gait function and biomechanics?  

2. What is the evidence on atypical pronation-related injury to the lower limb?  

3. What does the evidence say from treatment results and effects?  

4. How is it atypical pronation diagnosed effectively?  

Methods  

This thesis is a literary review. The information found in this thesis has been collected 

from a variety of sources. These sources include online journals and scientific articles 

collected from online databases such as: EBSCO host, MEDLINE, PubMed, Science 

Direct as well as information taken from books. The information that was gathered to 

answer the research questions included scientific studies and articles from online journals 

that dated between the periods of 1967-2017. The section in Chapter One about the review 

of anatomy and biomechanics was taken from sources that were mostly books and some 

online articles; the earliest of which dated from 1918.  

Inclusive Criteria – inclusive studies were based on all cases of atypical or excessive 

pronation, whether in athletes or non-athletes, in all ages, including subjects involving pes 

planus and other foot posture deformities. Included studies were concerning problems or 

conditions that may create the effect of hindfoot pronation, including problems to the 

midfoot and forefoot. The following foot posture types that were included in the research 

were: rearfoot varus, forefoot varus, equinus, and forefoot valgus. Studies involving both 

static and dynamic pronation were included.   

Exclusive Criteria – studies and articles that dated from 1967 and earlier – these studies 

were excluded. Studies involving supination of the sub-talar joint were excluded.   

Findings  

Several studies show a correlation between sub-talar pronation and identify mechanical 

and physiological factors altering the bone and joint position of the lower limb and pelvis. 



 

But there is not enough evidence to support that these physiological changes in position 

are guaranteed to result in painful symptoms, conditions and specific overuse injuries to 

the lower limb itself. More studies are required with relevance to sample sizes, collection 

and analysis of data, and better-established methods for classifying the severity of injury, 

when determining risk factors for the lower limb. In addition, more research studies should 

be conducted on the effectiveness of non-orthotic treatment for atypical pronation, such 

as the effect of muscle strengthening techniques or muscle stretching techniques applied 

to the foot and lower limb.   

Conclusion  

Enough evidence exists to say that biomechanical changes do occur in the lower limb due 

to atypical pronation of the sub-talar joint. However, there is still not enough evidence to 

say that atypical pronation will cause acute or chronic injury to the joints, bones, soft 

tissues. Increase in knowledge of the intrinsic and extrinsic factors of atypical pronation 

and its influencing factors on the lower limb leads to insight on the probability of 

developing overuse injury and chronic painful symptoms and prevention of them.   

Keywords   

excessive pronation, pronation, hyperpronation, overpronation, foot pronation, foot, 

subtalar joint, subtalar joint instability, talotarsal joint dislocation, coxa pedis, 

talocalcaneo-navicular joint, foot posture, foot mechanics, foot biomechanics, flat foot, 

pes planus, ankle eversion, ankle valgosity, hindfoot, hindfoot eversion, forefoot varus, 

hindfoot varus  

  

  

  

  

  

 



 

Abstrakt   

Název:   

Atypická pronace subtalárního kloubu: dopad na spodní končetinu  

Pozadi  

Atypická pronace subtalárního kloubu, nebo-li přílišná pronace, což je častěji používaný 

výraz, je aktuální podtéma v rámci problémů věnujícím se biomechanice nohou a dolních 

končetin.  

Typická pronace je troj planární pohyb, který zahrnuje everzi zadní části nohy, spolu s 

abdukcí a dorsiflexí přední části nohy.  Atypickou pronací nazýváme exesívní pohyb, 

který může být identifikován svým rozsahem a časovou durací v rámci sledování rytmiky 

pohybu během chůze. Jde o mechanický problém, který primárně vzniká na základě 

subluxace, či posunutí subtalárního kloubu a kostí střední a zadní části nohy.  Jde o běžný 

nález v rámci populace, zejména u jedinců s flexibilní plochou nohou, kdy atypická 

pronace může resultovat v chronické posunutí kostí a kloubů dolních končetin.  

Výzkum potvrdil, že excesívní pronace kotníku a nohy jako celku, může mít za následek 

změny v usazení některých kostí dolních končetin. Toto je výsledkem interakce mezi 

nohou a pánví během kinetického řetězového mechanismu. Taktéž bylo prokázáno, že 

atypická pronace může mít vliv na přenos váhy spodní končetiny během chůze, což může 

vést k funkčním změnám, zraněním a dalším problémům v rámci pohybového řetězce 

ovlivňujícího i pánev a bederní část zad. Některé výzkumy spojují atypickou pronaci i s 

dalšími problémy pohybového aparátu.  

Tyto příznaky jsou velmi široké a kolísají od lokalizované bolesti v kotníku, až po bolesti 

v bederní části zad. Některé studie poukazují na spojitost atypické pronace s nadměrnými 

zraněními vazů, šlach, svalstva a dalších měkkých částí spodních končetin, jako je třeba 

plantární fascia. Je známo jen velmi málo o dopadu tohoto stavu na dolní končetinu.   

  

 



 

  

Cíle  

Tato diplomová práce si klade za cíl prozkoumat, zda a jaký dopad má pronace 

subtalárního kloubu na spodní končetinu. Bude se zaobírat epidemiologií, vývojem a 

mechanikou atypické pronace, včetně evidence týkající se zranění. Výzkumné otázky jsou 

následovné:  

1. Jaký jsou důsledky atypického pronation na dolní končetiny s ohledem na 

způsob chůze funkci a biomechaniky?  

2. Jak je viděna efektivnost krátkodobé a dlouhodobé léčby v nových 

výzkumech?  

3. Jaký jsou důkazy svědčící o vlivu atypické pronace na zranění spodních 

končetin?  

4. Jak je to atypická pronation efektivně diagnostikována?  

Použité metody  

Tato bakalářská práce je založena na literárním přehledu, kde publikované informace jsou 

čerpány z rozličných zdrojů, které zahrnují časopisy a výzkumné články z databází, jako 

například EBSCO host, MEDLINE, PubMed, Science Direct, stejně jako knižní zdroje. 

Informační zdroje jsou datovány do let 1967-2017. V prvním odstavci, který se týká 

anatomického přehledu, jsou použity rozličné materiály, nejstarší z nich z roku 1918.   

Zahrnující kritéria – inklusivní studie jsou vystavěné na rozdílných případech atypické 

pronace u sportovců i nesportovců všech věkových kategorií, včetně jedinců s pes planus 

a dalšími deformitami. Tyto studie se věnují i problémům vzniku pronace přední, střední 

a zadní části chodidla. Další stavba nohy zahrnuje: varózní zánoží, varózní přednoží, 

equinus a valgózní přednoží. Statická i dynamická pronace je zahrnuta do této práce.  

Výhradní kritéria – studie a články data staršího 1967 nejsou součástí této práce. Studie 

zahrnující supinaci subtalárního kloubu taktéž nejsou součástí.  

Výsledky  



 

Mnohé studie poukazují na spojitost mezi pronací subtalárního kloubu a mechanickými a 

fyziologickými faktory ovlivňujícími kostní a kloubní pozici dolní končetiny a pánve.  

Přesto neexistuje nezvratná evidence, že tento stav musí nutně resultovat v bolestivé 

příznaky a specifická zranění dolních končetin z nadužívání. Je třeba více studií, dat a 

analýz, včetně lepších metod k posouzení vážnosti možných zranění.   

Dále je potřeba dalšího výzkumu v rámci efektivnosti  neortotické léčby pro atypickou 

pronaci, jako jsou metody posilování svalstva za pomoci protahovacích metod u noh a 

dolních končetin.   

Závěr  

Existuje dostatek evidence prokazující biomechanické změny dolních končetin vzniklé 

díky atypické pronaci subtalárního kloubu. Ovšem není dostatek důkazů potvrzujících 

teorii, že atypická pronace nutně musí resultovat ve zranění, nebo poškození kloubů, kostí 

a měkkých tkání. Narůstající znalosti vnitřních a vnějších faktorů atypické pronace a jejího 

vlivu na dolní končetiny nám pomáhá si vytvořit představu o riziku zranění z nadměrného 

zatížení, chronických příznaků a jejich prevenci.   

Klíčová slova  

Excesivní pronace, pronace, hyper pronace, zvýšená pronace, pronace nohy, noha, 

subtalární kloub, subtalární kloubní vratkost, talotarsální dislokace kloubu, coxa pedis, 

talo kalkanelární navikulární kloub, nožní postavení, nožní mechanika, nožní 

biomechanika, plochá noha, pes planus, equinus, everse, valgózní kotník, zadní část nohy, 

přední část nohy, varozita přední části nohy.  
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1. Introduction  

Atypical pronation is more commonly known as hyper-pronation or over-pronation of 

the hindfoot. The terminology of the condition varies, because the condition has not yet 

been clearly defined in literature resources. Yet is the mechanism of the condition – and 

the extent to which it is determined to be a condition – properly understood by many 

practicing healthcare professionals and non-professionals. For this same reason, there is 

a gap in the clarity and understanding of the condition and that is why treatment of the 

condition is still debated upon by many practitioners. The problem lies in the lack of 

understanding of the physiological mechanism of natural pronation, as well as the effect 

that excessive pronation has on the biomechanical aspect of the foot-ankle complex and 

lower limb. Diagnostic methods are also poorly understood and administered, and 

therefore more clarity should be given on the proper diagnostics in order to achieve more 

effective treatment results.   

Pronation of the hindfoot is a natural part of ankle and foot joint movement that occurs 

secondary to heel strike in the gait pattern when the foot comes in contact with the ground. 

Pronation is a tri-planar movement that involves eversion of the hindfoot, combined with 

abduction and dorsiflexion of the forefoot. Atypical pronation is recognized when this 

motion is excessive, and may be determined by the extent and duration to which this 

occurs according to the rhythmic timing during the gait pattern. It is commonly associated 

with foot posture conditions such as pes planus, and for this reason may also involve the 

flattening of the MLA during step contact of the foot.  However, it has also been observed 

in individuals presenting with normal postures of the foot arch as well.   

It is a widely presented phenomenon in the general population and is often presented in 

the clinical setting. Many individuals, especially those who are active, may experience 

secondary painful conditions due to the changes it causes in the positioning of the 

structures in the foot, lower limb and pelvis.   

Excessive movement in the foot-ankle complex may create an unstable base for the body 

during weight-bearing and may leave an individual at increased risk for injury. Scientific 

studies show that this risk is created by an increased stress placed on tissues, primarily 

affecting the foot and joints of the lower limb, with some evidence associating the 

excessive pronation of the foot to low back pain.   
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The etiology of the condition may be difficult to discern, as the condition may be 

something that is either acquired as a compensatory mechanism – as seen in abnormal 

development of the foot arch; or inherited – as seen in EDS disorders involving excessive 

ligament laxity and joint instability, for example. Other evidence suggests excessive 

pronation as a cause resulting from a much more simple reason, such as calf muscle 

shortening.   

Treatment for the condition is often debated upon by clinicians. The reason for this is 

because many clinicians do not have a clear understanding or knowledge about the 

condition, including its epidemiology, clinical picture and diagnostic methods. In many 

cases, the condition is often misdiagnosed and shoe inserts or orthotics are administered 

to the client immediately. If the initial reason for the excessive pronation was due to 

muscle shortness, as previously mentioned, then the issuing of orthotics would not be 

appropriate. Treatment should be focused on the lengthening of the specified shortened 

muscle. What may end up happening in this case is that secondary symptoms may begin 

to develop in the lower limb, caused by the added height change in the shoe. This may 

result in further structural disturbances over a longer period of time, which may lead to 

injury. Therefore, better understanding on the background of this condition is crucial for 

clinicians who are developing a differential diagnosis for their client. This understanding 

should include structural and functional knowledge on the implications of pronation on 

the lower limb. Furthermore, a deeper understanding is necessary due to the high 

occurrence of this condition and its presence in the general population.   
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1.1. Current Status of the Research  

Atypical pronation, or excessive movement of the sub-talar joint, is a widely presented 

phenomenon in the clinical setting. (16) (121) (54) Some scientific articles related the 

phenomenon of excessive pronation to have an effect on the lower limb by kinetic chain 

mechanisms. (54) (51) (57)  

Foot dysfunction has been shown to impact quality of life in different age groups (13) and 

are responsible for a large proportion of primary care consultations (14)  

Knowledge on specific factors such as foot posture, range of joint motion, joint 

proprioception, sensation, and strength can be helpful in interpreting and diagnosing 

important association in clinical diagnostics on painful associations to the function of the 

lower limb   

Increased knowledge on atypical pronation and it’s relation to the lower limb may be 

helpful in diagnosing and treating painful conditions caused by biomechanical issues that 

may be foot-related.   

Individuals who present with atypical pronation, have been shown to present with 

symptoms of pain (12) (15) severe postural symptoms (16) overuse injury (121) (55) (52) 

(10) (74) (60) and even balance disturbances. (19) (39)    
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1.2. Methodological Approach and Theme of the Work  

Design  

This thesis is designed to be a literary review of the current information on atypical and 

excessive pronation of the hindfoot in regards to its implications on the function of lower 

limb.  

Objectives  

I will attempt to explore current research literature in order to gain knowledge on the 

condition of atypical foot pronation. I will gather information on the epidemiology, 

development and mechanics of the condition. In addition, I will attempt to gather findings 

of its implications on the lower limb, particularly in reference to overuse injury and 

treatment outcomes, and describe the results of my findings, which may, in turn, give 

some insight on the necessity of treatment for the condition.   

The subject of atypical foot pronation interests me not only because it seems to be a 

common clinical finding in the field of physical therapy, but also because currently there 

is much controversy on the topic of whether it needs to be treated or not. Definitive 

answers to this question seem to remain unclear at this time, as few research articles have 

attempted to gather and compile information on the “cause and effect” of this condition. 

With that said, I hope to gather information on this topic to create a more holistic view of 

the condition with regards to the implications it may have on the lower limb. It is 

important for clinicians to have good background knowledge on the condition, due to its 

high presence in the population. This can lead to the avoidance of misdiagnosis in the 

future. Furthermore, as treatment can be costly, it would also be useful in helping to give 

particular patients and clients the appropriate response to their inquiries on the 

management of this condition.   

Questions for Research:  

1. What are the implications of atypical pronation on the lower limb with respect 

to gait function and biomechanics?  

2. What is the evidence on atypical pronation-related injury to the lower limb?  

3. What does the evidence say from treatment results and effects?  
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4. How is it atypical pronation diagnosed effectively?  

Research Methods  

The information found in this literature review had been collected from a variety of 

sources. Some of the information was taken from online databases, while other 

information was taken from books. Journal articles and scientific literature collected from 

online electronic databases included the following: EBSCO host, MEDLINE, PubMed, 

and Science Direct. All international scientific research articles were accepted, with the 

exception that the language restriction was set to English only. The information that was 

gathered, including articles, journals and books, dated between the period of 1967-2017.    

A total of 128 resources were cited in the literature review of all study types ( 

metaanalyses, systematic review, randomized clinical trials and cohert studies) with the 

exception of case series and case reports; Figures are cited from websites and online book 

sources, from numbers 129 to 142, with a total of 14 citations. 87 articles provided 

information on overuse injuries; 25 citations provided information on epidemiology. 94 

articles provided information on the biomechanical relationship between atypical 

pronation and the lower limb. Citations in this thesis have been formatted with the ISO 

690 standard version.  

Search Strategy: search terms and phrases used included “atypical pronation”, 

“influence of atypical pronation on..”, “atypical foot mechanics in relation to..”, 

“hyperpronation of the foot”, “hyperpronation and foot pain”, “foot posture influence 

on…”, “hindfoot pronation”, “calcaneal valgosity”, “calcaneal eversion”  

Inclusive Criteria: The targeted population of the search held no specific age group, 

although most studies came from non-pediatric sources. Inclusive studies were based on 

all cases of atypical pronation, whether in athletes or non-athletes, including those 

involving flexible pes planus and other foot posture deformities.  A couple studies about 

the influence on the pelvis and low back pain symptoms were included. Related material 

about foot posture deformities with tendency to pronation and how they affect the lower 

limb biomechanics, or their relation to risk of injury of the lower limb, were included. 

The following foot posture types that were included in the research were: rearfoot varus, 

forefoot varus, equinus, and forefoot valgus. Studies involving both static and dynamic 

pronation were included.   
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Limitations: There was a large amount of terminology used for the term atypical 

pronation of the sub-talar joint. This could have created some gaps during the research 

study due to the fact that many different terms are used to describe the motion, pronation. 

And some important articles may not have been found for this reason. Scientific articles 

used terminology for motion of the sub-talar joint such as: pronation, subluxation, 

instability. Etc. In addition, conditions that describe pronation of the subtalar joint were 

also used: equinus, flexible pes planus, flat foot, flexible flat foot, rearfoot varus, forefoot 

varus, calcaneal eversion, hindfoot eversion, ankle valgus. Common terminology was 

also seen: overpronation, hyperpronation.  

Exclusive Criteria: Excluded scientific studies on treatment methods that were 

considered not recent and used from the year 1967 and earlier. However, in review of 

anatomy and biomechanics the oldest book dated from 1918, in Gray’s Anatomy.  Studies 

and evidence on the effect of atypical hindfoot pronation relating to the spine, trunk, upper 

extremity or head were not found, and therefore are not considered a part of this study. 

The following foot conditions were excluded as they are not considered a source of 

excessive subtalar joint pronation: plantarflexed first ray and rearfoot valgus.   

Evaluation of Evidence: Use of a search strategy was implemented, while articles were 

assessed according to their relevant titles and abstracts. Full text articles were accessed 

when available and partial text articles were eliminated from the search, unless there was 

a highly valuable piece of information that could not be found elsewhere. Study designs 

were classified according to their quality. This was measured according to their method 

of analysis and design type. Most sought-after articles from highest to lowest, 

respectively, were: meta-analyses, systematic review, randomized clinical trials, 

systematic review and meta analyses, cohert observational studies; with case series or 

case reports being at the bottom of the list.   

Framework  

This thesis is divided into two parts, the former part is an informative review on the 

epidemiology of foot function in gait and posture, while the latter part, attempts to provide 

information on the implications of the condition to the lower limb, reviewing evidence of 

its association with overuse injury and response to certain treatment methods.   
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Chapter One provides a general review on the biomechanics of the foot in gait and 

posture, and the mechanism of its function with. Some anatomy is described as well. 

Further detail is provided on structures found relevant to the function of the foot during 

pronation. The purpose of this chapter is to get a background on the function of the ideal 

foot so that the reader can compare and contrast this information with the description of 

the atypical foot function that will be described in further chapters. Chapter Two is an 

introduction to the condition, with a description of its etiology and clinical picture. In 

addition, there is information on proper diagnostic methods and testing for the condition. 

Chapter Three goes into further detail of the condition’s biomechanical and functional 

effects, by reviewing sources describing its implications to the function of the lower limb. 

Chapter Four is a collection of sources describing evidence of overuse injuries resulting 

from the condition. Chapter Five is a collection of sources that describes the treatment 

methods and techniques that are currently used to effectively treat the symptoms of the 

condition. Chapter Six will summarize my findings along with a brief discussion, and 

provide answers to the questions for investigation that have been listed above, and 

Chapter 7 finalizes the thesis with a conclusion to my work with this topic and additional 

thoughts on this topic. Bibliography is provided at the end, as its own chapter, with 

citations of all the listed work that has been used throughout this thesis. Tables and 

Appendixes can be found in the last pages.   

1.3. The Mechanism of Foot and Lower Limb Function in 

Gait and Posture  

The understanding behind the type of foot dysfunction such as atypical pronation begins 

with a review of the relevant anatomical structures, kinesiology, and biomechanics that 

relate to the foot during the normal gait cycle. It is important to note that foot pronation 

is a dynamic process, and therefore this review will include more biomechanical and 

kinesiologic references than anatomical.     

Lower Limb Structure and Function  

The lower limb is connected to the skeleton by strong ligaments that link the pelvic bone 

to the sacrum. Anatomically, the lower limb can be divided into the gluteal region, thigh, 

leg and foot – consisting of the femur, tibia, fibula and all intricate foot bones – which 
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composes the hip and knee and ankle joints. (23) (8) The upper margin of the lower limb 

attaches to the pelvis. The pelvis contains an opposing pair of iliac bones, ischium and 

pubic bones. Posteriorly, the large illiac bones are fixed to the sacrum by strong ligaments, 

creating the sacroiliac joints. Anteriorly, the pubic bones conjoin at the pubic symphesis, 

completing the pelvic circle. The pelvis is designed to support the trunk and functions as 

a movement facilitator for the lower limb by enabling movement of the hip joint in 

connection with the acetabulum. (23) (8)  

The purpose of the lower limb, including the foot-ankle complex, is to support the weight 

of the body with minimum energy expenditure and move the body through space during 

locomotion. (29) In the ideal body position, the center of gravity lies slightly anterior to 

the SII vertebrae, and the vertical line that runs through the COG is slightly posterior to 

the hip joints, anterior to the knee and ankle, and directly centralized over the rounded 

support base of the heel formed by the feet on the ground. (8)   

The Foot-Ankle Complex  

The biomechanics of the foot and ankle are intricately associated with one another, and 

for this reason we will look at the foot and ankle as a single, moving joint-complex. The 

term foot-ankle complex will be used throughout this thesis, referring specifically to the 

function of the foot and ankle together as a functional component.   

The foot and ankle together compose twenty-eight bones and thirty-three joints. There 

may be an additional two sesamoid bones located under the great toe. (20) The footankle 

complex is supported and controlled by over one hundred muscles, ligaments and tendons. 

The reason for this structural complexity is to allow for support and function, and to 

accommodate stability and mobility over various terrains while withstanding varying 

loads, both externally and internally.   

The joints of the ankle-foot complex comprise the ankle (talo-crural) joint, transverse 

tarsal (mid-tarsal) joint, subtalar joint, tarsometatarsal joints, and metatarsal and 

interphalangeal joints. (23)  

Ankle Structure and Function  

The ankle or talocrural joint, is a hinge joint that is comprised three bones that form the 

ankle mortise: tibia, fibula and talus. Its joint complex consists of the tibio-talar, 
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fibulotalar and tibio-fibular joints. (21) The mortise is the concave surface that is created 

by the tibia and fibula formed over the talus, and is controlled by proximal and distal 

tibiofibular joints. The talocrural joint allows for dorsi- and plantar-flexion, which gives 

reason behind its name: hinge. (20)   

The ankle joint axis is slightly oblique in both frontal plane and sagittal. The medial 

malleoli is anterior and superior to the lateral malleoli. (62) The allowed movement in the 

ankle joint is in the sagittal plane and frontal axis, typically ranging between 0-20/30 

degrees of dorsiflexion and 0-50/55 degrees of plantar flexion with respect to the neutral 

position which is when the foot is at a 90 degree angle to the lower leg. Motion in 

transverse and frontal planes is required to complete the full range of motion for either 

plantarflexion or dorsiflexion (63). The rotational axis is small, only 13-18 degrees 

laterally from the frontal plane and 8-10 degrees from the transverse plane. (62)  

Ankle stability primarily depends on joint congruency and the medial, lateral, and 

syndesmotic (tibio-fibular) ligaments. (21) (20) The AITF ligament provides 

approximately 35% of ankle stability; the deep PITF, 33%; the interosseous PITF, 22%; 

and the superficial PITF, 9%. (61)   

Foot Structure and Function  

The foot can be divided into three anatomical sections: forefoot, midfoot and hindfoot. 

The forefoot contains metatarsals and phalanges I.-V.; the midfoot contains the five small 

bones creating the arch (cuboid, navicular and three cuneiforms); and the hindfoot 

composes the talus and the calcaneus (the largest bone of the foot). (8) (23)  

From a medial-lateral perspective: the medial column consists of the talus, navicular, 

cuboid, three cuneiform bones (medial, intermediate and lateral) and metatarsals with 

their respective phalanges from I.-III. The lateral division consists of the calcaneus, 

cuboid, and metatarsals with phalanges IV.-V. (19)   

The foot acts as a support platform that is capable of withstanding repetitive loads during 

varying speeds of locomotion. It maintains the ability to switch between rigid and supple 

form in order to adapt to different surface terrains. This also enables it capable of 

withstanding shock: being a shock-absorbent and flexible structure as well as 

transforming into a rigid structure – as in standing on tip-toes – when it is required. (21).   
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Appropriate range of movement, proprioceptive function, and muscle strength and 

ligament stability are all important qualities for the load adaptation of the foot. Generally, 

excessive or limited joint movement may inhibit optimal function during weight-bearing 

or non-weight-bearing motion of the foot. Ligaments and joint capsules are made up of 

type I. collagen creating a resilient structure. (8). Ligaments are therefore useful in 

limiting excessive joint motion because they connect bone to bone, and thus are important 

in inhibiting excessive movement in a joint by providing a stiffened barrier at the end of 

the movement range (with exception to the spring ligament (21) (8). Additional support 

comes from intrinsic foot muscles, extrinsic foot muscles and muscles following the 

kinetic chain in the lower limb, muscle tendons, and other soft tissues that offer an elastic 

component. These structures give the foot added support that enables its arched structure 

to withstand forces and retract once these forces have been relieved. (21) (29)  

1.3.1. Anatomical Structures of the Foot with Relevance to its 

Pronational Function  

Foot Arches  

Foot posture is an important and necessary component in maintaining the function of the 

foot. (21) (79) (29) The dynamic structure of the foot has developed evolutionally to be 

adaptable, with a given ability to navigate a variety of different terrains. At the same time 

in maintains the ability to sustain different loads and pressure that result from the body 

weight, gravity and the surfaces it comes in contact with. For this reason, the footankle 

complex is a highly mobile and shock-absorbent structure with special qualities that allow 

it to be resistant to high loads. One of the most important of these special qualities is the 

three arches: MLA, LLA and TA. These arches give the foot a curved architecture and 

the elastic ability to disperse weight, thus making it “absorbent” to different loads. (21) 

Collapse of the MLA would cause the calcaneus to evert in relation to the talus, and result 

in pronation. (16)  

Lisfranc’s joint is another name for the TTJ that are composed of the joints between the 

three cuneiform bones, cuboid, and five proximal metatarsal heads. These joints are 

closely congruent and produce very little motion and function almost as a single joint. 

They are able to maintain their intrinsic stability due to the arch-like structure that is seen 

best seen on cross-sectional view. The Lisfranc’s joint’s arch-like structure is what we 
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call the transverse foot arch (TA), forming a bony component that has a concave shape 

(only in non-weight bearing) running medial to lateral. The arch is stabilized because the 

second metatarsal is recessed into the midfoot, creating a key-lock structure between the 

first through third metatarsal joints. The ligament known as Lisfranc’s ligament connects 

the second metatarsal base to the medial cuneiform. (21) In addition, the transverse foot 

arch is stabilized by interosseous, plantar and dorsal ligaments, by intrinsic muscles of 

the first and fifth toes, in particular the transverse head of m. adductor hallucis and m. 

peroneus longus and m. posterior tibialis tendon. (23)  

The calcaneus, cuboid and the fourth and fifth metatarsals create the lateral longitudinal 

arch (LLA), which is preserved by two main ligaments: the long plantar and plantar 

calcaneocuboid. In addition, support is obtained by intrinsic muscles of the fifth toe and 

muscles attributed to creating dorsiflexion of the foot. (23)  

The calcaneus, talus, navicular, three cuneiforms, and first three metatarsals make up what 

is known as the medial longitudinal arch (MLA), with the peak of the arch being the 

superior articular surface of the talus.  It is the highest of all the arches. This arch is 

stabilized by the spring ligament, blending medially with the deltoid ligament, and 

acquires additional support by the tendon of the m. tibialis posterior. (23) Additionally, 

this arch is supported by the plantar aponeurosis, the intrinsic foot muscles, by ligaments 

of all articulations involved, and by the tendons of m. tibialis anterior and m. peroneus 

longus. (23)  

The Plantar Aponeurosis  

The planar aponeurosis or plantar fascia, is one of the greatest contributions to the MLA 

(8). It is a fibrous band that runs along the planar aspect of the foot, distally from the 

medial calcaneus to the metatarsophalangeal joints. (23) The aponeurosis assists in 

providing shock absorption as it spreads and disperses during weight bearing by means 

of the windlass mechanism that was originally described by Hicks. (76) This mechanism 

is the plantar fascia shortening, which results from hallux dorsiflexion. Since the plantar 

fascia runs the distance between the calcaneus and metatarsals, the shortening allows 

elevation of the medial longitudinal arch and occurs during the push off phase of gait.  

(76)  
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The Spring Ligament  

The summit of the MLA is considered to be the point between the talus and navicular 

bones. This section is braced by the calcaneonavicular ligament, also known as the spring 

ligament. (21) It prevents medial and plantar migration of the talar head functioning as a 

static arch support. (8) (21) (23) In addition, the spring ligament holds a special 

characteristic of which is highly elastic, giving it the ability to stretch when load is placed 

upon it and spring back as the load is removed. The characteristic of this ligament gives 

the MLA the ability to quickly restore its original shape and condition when the disturbing 

force is removed. (8)  

The Talar Bone and Connecting Joints: “coxa pedis”  

The talar bone or talus is significant to the foot because all the bones of the foot move as 

a single unit around the talus. (See: The Talo-Tarsal Mechanism) (57) (21) (29) The 

talocalcaneonavicular joint is frequently called the “coxa pedis” and it has been suggested 

that these three articulations function together as a single unit. It is defined coxa because 

of the enarthrosic meaning from an anatomical point of view, and from the analogy to the 

hip. (65)   

Talar bone structure is unique because it is covered with 70% hyaline cartilage, which 

allows it to function similar to a “ball-and-socket” joint. Distally, it connects to the 

calcaneus by the STJ, and connects the hindfoot and midfoot distal-medially via the talo-

navicular joint. It is important to note that the talus does not rest directly on top of the 

calcaneus, but is rather offset to the lateral side facing the fifth digit. (16) (23) (8)  

Another important factor about the talus is that its static support is entirely dependent on 

its surrounding ligaments and bones, as it does not have any tendinous attachments. This 

further stresses the importance of bone alignment in this region. (16)  

The sub-talar joint (STJ) is a part of the articulation that makes up the “coxa pedis”, and 

owns itself to the articulation between the talus and calcaneus, the articulation that lies 

just distal to the talus. The joint surfaces of the talus and calcaneus are ovoid in shape 

creating a multi-directional contact surface. The ovoid surface of this joint allows for tri-

planar (aka. kinematic coupled) motions, such as plantarflexion-supination-adduction or 

dorsiflexion-pronation-adduction (20) (28) The STJ functions in close connect with the 
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transverse tarsal joint (TTJ) to convert tibial rotation into forefoot supination and 

pronation (21). The TTJ is said to function somewhat to promote pronation and supination 

of the foot as it works in close connection with the STJ. However the STJ appears to be 

ultimately responsible for these motions.  

Other names for the TTJ are mediotarsal, mid-tarsal or Chopart’s joint. The TTJ makes 

up the joint surfaces that create the proximal line that runs in between the talus and 

navicular (medial) bones, and the calcaneus and cuboid (lateral) bones. TTJ therefore 

compose the talocalcaneonavicular and calcaneocuboid joints. (21)   

Individually, these joints have small ranges of movement available to them, in terms of 

dorsal and plantar excursion and rotation. But collectively, the joints offer a lot more 

movement. Two movement axes are composed from these joints. The oblique axis creates 

an up and down movement, while the longitudinal axis creates rotational movement in 

the foot.   

With respect to the right angle of the axis, the joint allows for movement in all three body 

planes, thus producing six degrees of movement capacity. (21) (48). Manter (1941) 

described two axes of the TTJ: the longitudinal axis, which rises up from the floor 

anterodorsally at 15˚ and shifts medially 9˚ from the midline, and the oblique axis, which 

rises anterodorsally from the floor at 52˚ and is rotated medially 57˚ from the midline (see 

Fig. 1-3) The longitudinal axis describes motion primarily in the frontal plane (inversion 

and eversion) which are considered rotational movements, while the oblique axis 

describes motion in the sagittal plane (flexion and extension) or plantar and dorsal 

excursion, respectively. (27)  

The STJ axis passes obliquely from plantar aspect posterior-laterally passing through 

anterior-medially to the dorsal aspect (26) with the axis of rotation to be oriented upward 

at an angle of 42 degrees from the horizontal line and medially 16 degrees from the 

midline – as determined by Manter (1941). (27) (21) Sub-talar motion is screw-like and 

influences the movement of the TTJ. Inversion motion of the STJ locks the TTJ causing 

the foot to become rigid. Eversion motion of the STJ unlocks the TTJ resulting in 

suppleness and flexibility of the foot. (27)  

To describe the range of motion for the STJ, we can say that there is typically 30 degrees 

of motion of the posterior calcaneus in the frontal plane. (26) In greater detail, Sarrafian 
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(1993) determined the average STJ range of movement as having 20-30 degrees of 

inversion and 5 to 10 degrees of eversion, (see Fig. 1-5: Approximate range of motion in 

the sub-talar joint in a coronal plane) with its total functional range – during the gait cycle 

– being 10 to 15 degrees. (21)  

Joint Measurement and Position  

What is considered the neutral position for the STJ? The neutral position of the STJ has 

been determined to be at a resting position at a ratio of 2/3 supination: 1/3 pronation – 

meaning there is typically nearly twice as much supination than pronation in the neutral 

position. However, this ratio is variable and individual; it may not be accurate in all cases, 

as in the case of atypical pronation. (26) Calcaneal position has also been noted as difficult 

to measure. It has been estimated that the normal heel (calcaneal) valgus ranges between 

2 and 6 degrees. However, these results have been based on clinical findings and plain 

radiographs and not consistent with true results. (125) Burssens et al. (2016) suggest 

normal hindfoot alignment to be in a more neutral position, according to their findings 

from using a weight-bearing CT. (125)  

1.3.2. The Mechanism behind Ankle-Foot Pronation   

Pronation is a motion that is defined as eversion of the calcaneus (hindfoot), in 

combination with a distal drop of the navicular bone (midfoot) due to subluxation of the 

sub-talar joint, with an anterior-medial shift of the talus (hindfoot). Due to movement 

coupling abilities of the sub-talar joint, these movements will be seen in combination with 

abduction and dorsiflexion of the forefoot. (16) (57)  

Maximal abduction of the foot, achieves the full range of motion of the subtalar joint, 

reduces the navicular bone on the head of the talus, obtains full pronation and eversion, 

and obtains dorsiflexion of the calcaneus and results in heel (calcaneal) valgus.   

Overall, pronation is an occurrence of the following factors: the phenomenon of the talo-

tarsal mechanism, in combination with the oblique angle of the ankle joint axis, the 

slightly lateral placement of the calcaneus (between 2 and 6 degrees of valgus) the oblique 

angle of the STJ axis, and the oblique angle of the metatarsal break. (16) (57) (21) (29)  



15  

  

The Talo-Tarsal Mechanism  

The function of the TTJ is thought to play an important role in foot adaptability. The joints 

are thought to function together by a locking and un-locking mechanism, allowing the 

foot to be a rigid structure when locked, and a more supple structure when unlocked. This 

mechanism can be observed if we consider the angle of both the joints axes.   

Elftman (1960) postulated that the midtarsal joint axes of rotation function in conjunct 

with the subtalar joint. During foot pronation (hindfoot eversion), both the axes of the 

TTJ remain parallel to one another. This parallel axial position creates an un-locked joint, 

creating a hypermobile foot that can absorb shock. During supination (hindfoot 

inversion), the TTJ’s joint axes cross one another. This results in a locking of the joint 

that creates a more rigid foot, allowing a more efficient transmission of forces. (see Fig. 

1-3)  (64)  

This proposed phenomenon is also known as the talo-tarsal mechanism and is the 

occurrence of all the bones of the foot moving as one unit around the talus. It involves the 

motion of the talus on the hindfoot. (57) There is very little intertarsal motion present. 

(57) The interossesous ligament functions as the center of rotation. This is the main 

ligament of the STJ that attaches the talus to the calcaneus. It acts as a strong band of two 

partially joined fibers that runs through the sinus tarsi canal. (23) (8)  

As the entire calcaneus moves with the forefoot around the talus, this allows for 

multidirectional movement; so that if one were to fixate the calcaneus, this would block 

the coupled motions of the foot. For example, as pronation is the result of the 

kinematically coupled movements of abduction and eversion, correction of the hindfoot 

and forefoot can therefore be achieved by either one movement. (57)  

The reason this occurs, is because the talus is located slightly oblique to the anterior 

surface of the calcaneus, resulting in the STJ axis to move and glide around the constraint 

mechanism of the interosseous ligament in an oblique plane (57).   
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Kinematically Coupled Movements: Movement Transfer between Foot and Leg  

When a joint is in an oblique plane such as the subtalar joint, all motions –adduction / 

abduction, eversion / inversion, flexion / extension - are linked motions to one another, 

meaning that they are provided in the same moment of movement, and thus are known as 

kinematically coupled motions.  

The coupled motion which is created in the sub-talar joint in this oblique plane is 

pronation and supination. Supination consists of kinematically coupled motions of 

abduction, eversion, and plantarflexion, with presentation of heel varosity. Pronation 

consists of kinematically coupled motions of abduction, eversion and dorsiflexion, with 

presentation of heel valgosity.  

Kinematic coupled movements are torque movements. These torque movements that 

occur between the foot and the lower limb, are converted by the joint to act as a shock 

absorber.  (28)  

Monk et al. relates the STJ to Elftman’s postulation of the mitred hinge (see Fig. 1-7: 

Mitred Hinge model) where the axis is at 42 degrees in a sagittal plane. With every one 

degree of tibial rotation (internal or external) one degree of (pronation or supination) 

motion in the foot will be created. (28) (21) (64) This comparison can also be observed 

in works done by Mann (1993) and Inman (1973). (22) (57)  

When weight-bearing the foot, external rotation of the leg will cause the talus to invert 

and the forefoot to pronate, thus raising the MLA. Internal rotation will essentially 

produce the opposite effect: lowering of the MLA. (21)   

Foot-Ankle, Lower Limb and Pelvic Mechanics in the Normal Gait Pattern  

The gait pattern is divided into a stance phase (65%) and a swing phase (35%) which, in 

total makes up one gait cycle. (21) While in running, the pattern consists of a stance phase 

(40%) followed by a float phase (15%) a swing phase (30%) and another float phase 

(15%).  The stance phase is divided into heel strike, foot flat (mid-stance), heel rise, push 

off and toe-off; while the swing phase is divided into acceleration, toe clearance and 

deceleration. (21)   
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Normal walking velocity is considered to be 82 meters per minute and 58 heel strikes per 

minute; while running velocity begins at 201 meters per minute and increases. Velocity 

at the height of running changes the normal gait pattern in that the double stance phase 

disappears, and a float phase appears in which both feet are lifted off the ground. (29) 

Differences in walking and running also take into consideration the range of motion and 

electromyographic activity surrounding the structure itself.  

Gait motion, as depicted in Figure 1-8, is measured by the observation of movement of 

each leg, individually. (29) Stability of the joint structures is important for fluent gait 

motion and maintenance of the COG. The lower limb forms joints that are surrounded by 

muscles with agonistic and antagonistic abilities. This allows for counteractive 

movements that aim to minimize the movement fluctuations in the body’s COG during 

the gait cycle. Lower limb movements include pelvic tilt in the coronal plane, along with 

pelvic rotation in the transverse plane, movement of the knees toward the midline, flexion 

of the knees, and complex interactions between the hip knee and ankle. Movement 

fluctuations from the body’s COG are kept to a minimum: just about 5cm in both vertical 

and lateral directions.(29)  

Pelvic girdle movement is necessary to position the hip joint for effective lower limb 

movement. (29) In the first 10-15% of the stance phase of gait, pelvic internal rotation 

occurs in a transverse plane. (21) (29). Rotation increases step length and levels 

“trajectorial arc collisions” between right and left legs. Tilt introduces the need for knee 

flexion (so the foot can clear the ground). Pelvic rotation facilitates movement of the 

femur by positioning the acetabulum toward the direction of projected femoral movement. 

(29) Posterior pelvic tilt positions the acetabulum so that the head of the femur is in front 

of the pelvic bone to enable ease of hip flexion, while anterior pelvic tilt positions the 

acetabulum so that the head of the femur is slightly behind the pelvic bone, promoting hip 

extension. Likewise, lateral pelvic tilt facilitates lateral movements of the femur. (29)   

The first 10-15% of the stance phase involves heel strike and foot flat. (21) During this 

phase, the entire lower limb – including the femur and tibia – internally rotates. Internal 

rotation of the lower limb eventually translates into STJ eversion with foot pronation at 

the most distal point of the limb. (21) Pronation is a necessary part of gait that allows for 

the foot to modify its position to adapt to uneven ground surfaces, and create a stable base 

for the body. (21) (55) A necessary mechanism for pronation of the STJ is the socalled 
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talo-tarsal mechanism. (See Fig. 1-6) During walking, release and stiffening of the foot 

are related to the opening and closure of the kinetic chain of the coxa pedis: it is mutually 

reversible, while opening is a passive event, closure is an active one. (65)   

Sarrafian (1993) explains that STJ motion during the gait is seen as a rapid eversion 

moment, immediately following heel strike, with an eversion range of 5 to 10 degrees. 

(21)  In addition, the STJ functions to allow the foot to modulate between a flexible and 

rigid structure during normal gait, enabling the foot to adapt to different surfaces and act 

as a rigid lever for the transition of forces on the lower limb. (43) (45) (40)   

Eversion of the STJ occurs partly because the point of heel contact is lateral to the center 

of the ankle joint, producing a valgus thrust on the STJ. The ankle joint axis is angled 

downward and posteriorly from medial to lateral resulting in an obliquity of the ankle 

joint axis. (21) The combination of movement in the STJ and ankle joint, thus promote a 

slight amount of pronation of the foot, with internal rotation transferred into the entire 

lower limb. (see Fig. 1-7: The Mitred Hinge model) – the opposite reaction occurs from 

the push off phase, with ankle plantarflexion, resulting in external rotation of the lower 

limb. (21) Thus, the foot-ankle complex can be considered as a single moving structure 

during normal gait and running pattern.  

The activity of extrinsic and intrinsic muscles of the foot, promotes foot and ankle control 

during gait. (29).Within limits of a physiological range of motion, mechanical stress that 

is placed upon the foot-ankle complex during gait is absorbed by the muscles of the lower 

limb, and for this reason does not typically exceed the maximal tensile limits of the 

ligaments or joint capsules in a normal functioning foot-ankle complex.  

(20)   

2. Epidemiology of Atypical Pronation  

2.1. Definition   

Atypical pronation is a term to describe an excessiveness or prolongation of the primary 

movement component of the hindfoot while loading the foot during gait. This movement 

is primarily focused around the axis of the STJ. The amount of prolongation is determined 

by the duration that the foot remains in a pronated position before the arrival of the next 
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sequence of foot movement, which is supination of the forefoot. When the foot remains 

in maximum pronation too late, or never re-supinates in the terminal stance for push off. 

(43) (45) (40) Terminology for defining this phenomenon remains unclear, and use of 

words such as hyperpronation, overpronation, ankle valgosity, are commonly used 

without meaning or true understanding of the word.   

2.2. Etiology  

The following list suggests potential cause of foot pronation that is atypical or excessive: 

(16),   

- Tightness of a calf muscle (m. gastrocnemius) as seen in Equinus  

- Weak proximal control of the hip and pelvis  

- Forefoot varus  

- Rearfoot varus  

- Chronic ankle instability (badly healed ankle fracture or sprain results in chronic 

instability)  

- Subtalar joint instability  

- Talotarsal joint dislocation  

- Hypermobility (EDS)  

Atypical Pronation as a Compensatory Mechanism  

Individual variations exist in the axis of the joint in the transverse plane, which creates an 

effect on the movement in the frontal plane. For example, in the case that the axis is 

“lower” or more horizontal, increased frontal plane motion (inversion and eversion) will 

be available; and if the axis is “higher” or more vertical, then the opposite will occur – 

there will be resultantly less available motion in the joint. (26) Deviations in the STJ joint 

axis, as observed in the case of excessive pronation, can be seen as an example in Fig 2-

1.  
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2.3. Foot Posture Types Associated with Pronation of the Sub-talar Joint  

Different types of foot postures exist that result in atypical pronation of the foot-ankle 

complex. Here, we will review the clinical terminology associated to foot postures that 

cause excessive pronation in the STJ, specifically. Faulty foot postures have been seen to 

occur unilaterally or bilaterally. If seen unilaterally, the cause may be due to lack of 

development in one arch or because of leg length difference. It is commonly believed that 

a low-arched foot tends to have increased mobility and thus, is subject to increased 

amounts of, or excessively longer periods and velocity of pronation.  

2.3.1. Rearfoot Varus  

Also called subtalar varus, is the most common foot posture deformity presented 

clinically. It occurs in about 85% of patients presenting with pronation foot problems. 

(81). This is a non-structural, positional deformity. It is defined as the position when the 

entire foot is inverted relative to the ground when the STJ is in neutral position. (See Fig. 

2-2)  (81) The problem is not distinctly to the foot itself, but is the inversion relative to 

the leg. (81) Three types of rearfoot varus exist:   

1. Uncompensated – when the heel functions in inversion (calcaneal inversion). The 

angle of tibial varosity (bow leg) is larger than the degree of calcaneal eversion 

through STJ pronation. In a non-weight bearing position, a varus angle will be 

visible from the lower part of the leg and the calcaneus, from a posterior view. 

(See Fig. 2-2)  

2. Partially compensated – when the heel functions in inversion, but to a lesser angle, 

and when the angle of tibial varus is slightly larger than the than the available 

calcaneal eversion.   

3. Compensated – when the heel assumes a vertical position in relation to the ground. 

Tibial varum is the same as the amount of available STJ pronation.   

Clinical Observations and Symptoms - Plantar callus metatarsal; Heel spur syndrome; 

Tailor’s bunion; leg fatigue; knee pain and low back pain. (81)   
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2.3.2. Forefoot Varus   

Also called forefoot supination; Compensation of this position results in calcaneal 

eversion. This is an inverted position of the forefoot relative to the hindfoot, at the level 

of the TTJ. (81) Forefoot varus is defined as: a constant structural inversion of the 

forefoot with respect to a bisection of the posterior of the calcaneus when the STJ is in 

neutral position, as seen below in the uncompensated version to the left. (See Fig.2-2). 

(81)  

This dysfunction was originally described by Straus (1927) as a structural anomaly of the 

torsional development of the talar neck, occurring during the third trimester of the 

developing fetus. During mid-stance of the gait, forefoot varum decreases foot-toground 

contact introducing instability. In order for the medial forefoot to reach contact with the 

ground, the foot must excessively rotate inward, resulting in excessive pronation of the 

hindfoot. (17)   

This disorder is seen in 15% of patients treated with biomechanical foot problems. It 

causes some of the most severe pronation problems. (81) Four types of forefoot varus 

exist:  

1. Uncompensated – when the rearfoot is rigid, and therefore unable to compensate. 

Rather than STJ compensation, the substitution occurs at the TTJ.  

2. Partially compensated – when the angle of forefoot varus is larger than the angle 

of calcaneal eversion.   

3. Compensated – when the angle of forefoot varus is the same as or less than the 

angle of calcaneal eversion.   

4. Forefoot Supinatus (mimics forefoot varus) – but is corrected and disappears with 

foot orthotics. It occurs when long-term compensatory calcaneal eversion twists 

the forefoot into a soft tissue varus position of the forefoot on in relation to the 

rearfoot. It is not a bone abnormality. (81)  

Clinical Observations and Symptoms - Intractable Plantar Keratoma’s; callus and 

hallux; plantar fasciitis; neuroma; hallux abductovalgus; posterior tibial tendonitis; low 

back pain. (81)  
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2.3.3. Equinus  

Equinus is a foot deformity that occurs as a result of limited ankle dorsiflexion. 

Resultantly, compensation occurs with STJ pronation. This unlocks the TTJ causing a 

fallen MLA and midfoot bones. During gait, propulsion does not function properly and 

the collapse of the midfoot results in a “rocker bottom” effect. (81) (See Fig. 2-4) The 

propulsion (take-off) phase during gait is delayed, due to the compensating foot.   

Essentially, equinus is identical to the concept of flexible pes planus or flat foot, which is 

more commonly used throughout literature and spoken terminology. It can be simply said, 

that pes planus translates more exactly as the noticeable collapse of the MLA, thus giving 

it its second name: flat foot. Gould (1983) states, that hyperpronation, measured as 

excessive medial rotation of the talus, may exist without pes planus, but pes planus rarely 

is present without some degree of hyperpronation. (112)  

Clinical Observations and Symptoms - Severe hallux subluxation; bouncing gait; 

plantar callus; dorsal corns on toes; hammer toes; leg fatigue; talo-navicular joint pain; 

severe postural symptoms. (81)    

2.3.4. Rearfoot Valgus  

This condition is extremely rare. It occurs as hindfoot eversion when the STJ is in neutral 

position in relation to the ground surface. This condition is associated with severe tibial 

valgum (knock knees) and excessive subtalar pronation. (81)   

4. Atypical Excessive Pronation and its Effect on the 

Biomechanics of the Lower Limb   

Any pathological change in foot or ankle structure or motion, however subtle, may have 

a profound impact on the foot and ankle’s shock-absorbing, propulsive, and stabilizing 

roles. (45)   

Tiberio (1987) proposed a theoretical model of which describes the compensation that 

occurs at the tibio-femoral joint in response to excessive tibial rotation. (54) This proposal 

is based on the mitred-hinge model that was originally suggested by Inman (1976). (57) 

Tiberio particularly describes a link between tibiofemoral compensation and increased 
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patellofemoral compression that becomes offset and mal-tracked. (51) The injury 

mechanism is excessive displacement of the patella in a lateral direction, which is said to 

be due to prolonged and excessive hip internal rotation that is translated into the LL 

through STJ pronation. Mechanics of the foot therefore contribute to malalignment, and 

thus pathology of the whole LL due to joint coupling with internal rotation of the tibia. 

(54) Hindfoot motion closely corresponds to tibial internal rotation (52) (10) and with hip 

rotation in the transverse plane. (115)  

Movement coupling of the foot and ankle, specifi cally foot eversion and internal tibial 

rotation, has been investigated as a result of their potential connection to lower extremity 

injury (121) (55) (52) (10). It was found that this coupling is a result of the oblique 

orientation of the STJ axis. STJ and knee joint interaction are correlated during early 

stance phase of gait. Pronation and knee flexion are accompanied by IR of the tibia; 

conversely, supination and knee extension before push-off are associated with ER of the 

tibia. (55) In relation to the knee joint, Woodford-Rogers (1994) found correlation 

between navicular drop, greater STJ pronation and greater anterior knee joint laxity. (75)  

Studies that investigated the relationship between foot–ankle motion and lower-limb or 

hip transverse plane rotations during gait indicated an absence of foot–hip couplings.  

According to findings in a study done by Buldt et al. (2015), the authors indicated that 

foot posture influences the motion of the foot in a restrictive way. More specifically, the 

authors found limitation of movement in the midfoot in the frontal plane in pes planus 

foot types during pre-swing phase. (79)  

When comparing an excessively mobile foot to a rigid foot, Harris and Beath (1995) 

defined a flexible flatfoot as one with good mobility and excursion of the STJ complex 

and the ankle joint. (66) Additionally, they stated that this type of flatfoot, which accounts 

for approximately two-thirds of flatfeet in adults and is of little or no clinical concern as 

a potential cause of disability. (66) (67) Tiberio (1988) contradicted this statement in his 

works, by concluding that too much joint motion creates an excessive stress on the 

muscle-tendon units as they decelerate to control the excessive motion. He noted that too 

much motion may surpass the limit of the joint, stressing the noncontractile tissue on the 

joint. (51) Harris & Beath (1995) further stated that contracture of the Achilles tendon is 

sometimes associated with a flatfoot that has “good mobility” of the subtalar complex. 
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Such type of flexible flatfoot, as stated by Harris & Beath, which has the tendency to a 

shortened Achilles tendon, is a known cause of disability. (66) (67)  

Silva et al. (2014) confirms forefoot varus as a predicament for subtalar hyperpronation 

in young individuals. Authors measured using the rearfoot eversion angle test, the 

navicular drop test, and the Foot Posture Index (FPI). (113)   

Individuals with prolonged pronation were identified to have the following measures in 

comparison to healthy individuals: higher standing tibia varus angles, reduced static hip 

internal rotation range of motion, and increased hip internal rotation during the stance 

phase. (6) In addition to hip internal rotation, another study showed that by inducing the 

position of an excessively pronated hindfoot, this created internal shank rotation and 

increased anterior pelvic tilt. This phenomenon was concluded to be caused by the forces 

acting on the foot and having a direct relation to the pelvis due to a kinematic chain 

reaction manner. (11). Additionally, Rothbart & Estrabrook (1988) suggested that 

asymmetrical pronation patterns cause a forward downward rotation within the sacroiliac 

joint. (47)  

It has been proposed that the direct articulation and coupling of the tibia and fibula with 

the talar motion – as seen in the example of the mitred hinge model proposed by Monk 

(2016), Mann (1993), Inman (1976) – relate the rotation of the tibia to inversion and 

eversion of the foot. (22) (28) (57) Mc Culloch et al. 1993 (71) (10) Nawoczenski et al. 

(1998) proposed that abnormal coupling between the inversion and eversion movement 

of the foot and axial rotation of the leg is a contributing factor in lower extremity 

musculoskeletal injuries. (69)  

Research suggests the possibility of relationship between hyperpronation and alignment 

of the pelvis and lumbar spine (43) (51) (46) (54) (47) (11) (49) (50)  

Pelvic alignment in sagittal and coronal planes varies in subjects with and without 

excessive pronation of the hindfoot. (49) (50) In a study done by Ghanbari et al. (2013), 

the effect of subtalar hyperpronation on the pelvic alignment during stance phase of 

walking was measured. The authors found that excessive subtalar pronation produced an 

increase in anterior pelvic tilt (in the sagittal plane) (49). The same phenomenon was 

observed in a similar study done by Khamis et. al (2005). Internal rotation of the femur 

was observed as a result of the location of the femoral head being placed in a posterior 
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position. The authors proposed that this positioning may lead to posterior shift of the 

pelvis and anterior trunk deviation, thus affecting the posture in gait. (41) On single leg 

stance, calcaneal eversion caused a functional shortening of the lower limb, which 

induced a pelvic lateral tilt toward the weight-bearing side. (11)   

On evaluation of stability in the stance phase of the gait, Bunton et al (1993) suggested 

that the stability of the proximal segments of the lower limb depended on the stability 

afforded by the distal segments. Foot instability therefore influences the ability to stabilize 

the trunk along with proprioception from fixed parts of the body. (39)  

Another study by Resende et al. (2014) concluded that pronation of the hindfoot causes 

directly related internal rotation of the shank. (7) This position was shown to be 

accompanied by increased knee and hip adduction. The study was performed by inducing 

foot eversion by the use of wedge sandals during stance on a single leg, in which twenty-

two test subjects were involved. The study had hypothesized that increased unilateral foot 

pronation would cause biomechanical changes in the lower limb, suggesting an increased 

propensity towards developing lower limb injuries. (7) (30)   

Researchers suggest a relationship exists between hyperpronation of the foot and shank 

rotation, patella and knee joint alignment. (54) (51) (52) (53) (55)  

Khamis et al. (2015) studied the relationship between foot and pelvic alignment while 

standing. (41) They found that internal rotation of the shank significantly affected pelvic 

alignment. This mechanism was revealed to occur as a result of internal rotation and 

calcaneal eversion functioning together as kinematically coupled motions. The study 

suggests that the shank acts as a mediator between foot and thigh, being a pivotal segment 

in postural adjustment. (11) (41)  

Souza et al. (2007) investigated the strength and features of the hypothesized existence of 

ankle-hip transverse plane coupling during the stance phase of walking. (116) Fifteen 

subjects were tested using a 3D motion analyses system during gait. They listed the 

following findings which indicated a strong link between ankle-hip coupling during the 

gait cycle:  

- Ankle-foot complex external rotation and foot pronation coupled with hip internal 

rotation  
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The opposite effect occurred at the end of the phase:  

- Ankle-foot complex internal rotation and foot supination coupled with hip 

external rotation  (116)   

One study by Resende et al. (2016) examined the lateral wedge (inducing pronation of the 

hindfoot) in knee osteoarthritis patients. (30) Patients were given lateral wedges that 

resulted in increased rearfoot eversion. The test concluded that the wedge on the lower 

limb on the ipsilateral side caused the following effect:  

- Increased  shank rotation range of motion  (with the wedge placed on the 

ipsilateral side)  

- Reduced knee internal rotation moment (wedge placed ipsilaterally)  

- Increased ipsilateral trunk lean (wedge placed ipsilaterally)   

- Increased trunk rotation range of motion (wedge placed ipsilaterally)  

- Increased both hip and knee adduction moments (with the wedge placed on the 

contralateral side)  

After obtaining these results the study suggested that foot pronation should not be 

overlooked in clinical evaluation.  (30)  

Another study attempted to find a link between gait and foot posture abnormalities in 

relation to LBP. The study measured the GRF of three groups: a control group, a group 

with pronated feet only, a group with pronated feet and LBP. The study found that the 

group with higher loading rate and higher GRF were that of the group with pronated feet 

and LBP. The study concluded that foot pronation alone was not a cause for elevated 

GRF, suggesting an association may exist between pronation and LBP having to do with 

elevated GRF and elevated loading rates. (31)  

According to a study done by Hintermann et al. (1993) the authors suggest that pronation 

results from GRF acting upon the hindfoot.  The authors concluded that tibial rotation 

does not transfer to calcaneal eversion, but that excessive eversion of the calcaneus results 

in additional rotational loading of the knee, when it is accompanied by a high movement 

transfer at the ankle joint. (24)   
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Larger forefoot eversion angles were associated with longer duration of hindfoot eversion 

in the stance phase. A study by Monaghan et al. suggested this statement after concluding 

their study. The authors found that the angle of the hindfoot at ground contact does not 

predict the motions of the hindfoot or forefoot during stance. The study also concluded 

that individuals who had larger forefoot eversion angles at contact had greater amplitude 

of eversion and remained everted for a longer duration in the stance phase. (33).  

Tateuchi et al. (2011) investigated the effects of induced calcaneal eversion on the 

kinematics of the hip, pelvis and thorax in three dimensions under unilateral 

weightbearing. (77) The authors concluded that induced calcaneal eversion does affect 

the 3D kinematics of the thorax through the hip joint and the pelvis. The study was 

performed on twenty-eight male subject in unilateral standing position on three 

conditions: level ground, and on wedges inducing 5° and 10° calcaneal eversion. A 

significant increase was seen in the following factors occurring on the standing side in the 

eversion-induced wedges group:   

- Increased hip flexion  

- Increased internal rotation of the hip  

- Increased pelvic anterior tilt  

- Increased thoracic lateral tilt  

- Increased axial rotation to the standing side in the eversion-induced wedges group 

(77)  

Another interesting factor found, that in the frontal plane, lateral pelvic tilt was decreased 

on the standing leg in the 5 degree eversion condition compared to the level standing 

condition. Conversely, lateral pelvic tilt increased in 10 degree eversion condition 

compared to the 5 degree eversion condition. (77)  

A similar study done by Duval et al. (2010) concluded no relation between foot pronation 

(measured as calcaneal eversion) and induced anterior tilt of the pelvis, and did not 

increased the degree of lumbar lordosis as hypothesized. The study did confirm that 

internal rotation of the legs caused the pelvis to tilt anteriorly, but also claimed that this 

factor had no influence on the increase in lumbar lordosis. (78)   
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5. Overuse Injuries and Conditions Associated with Atypical 

Pronation of the Hindfoot  

Variations in the posture of the foot can affect its function, and the function of the lower 

limb, which may lead to injuries. (9) (10) (36) (37) (38) (79) (82) Foot posture towards a 

more pronated position may have implications for foot function, and therefore risk of 

injury (36) Injury is often associated with number of repetitions (5) therefore, the injuries 

in this chapter have been termed overuse injuries, in reference to their development over 

a period of time.   

It has been suggested that the compensation that occurs as hindfoot eversion is transferred 

into tibial rotation (see Fig. 1-7: The Mitred Hinge model) may be more important than 

the amount of eversion that occurs during compensatory pronation of the foot. 

Hintermann (1998) described this phenomenon to be a predictable cause for overload 

injury to the lower extremity – particularly the tibial rotation causing overloading stress 

to the knee joint. (25) (24) (82) Based on this concept of lower limb kinematic joint 

coupling, there appears to be a link between foot pronation and lower limb pathologies, 

which include exercise related lower limb injury, medial tibial stress syndrome (MTSS) 

and patellofemoral pain. (83) (119) (121) (55).  

5.1. Injuries and Conditions Associated with the Foot and Ankle   

Foot and Heel Conditions   

Stovitz et al. (2004) identified common problems often associated with hyperpronation 

that relate to foot symptoms; they were listed as: plantar fasciitis, metatarsalgia and hallux 

valgus. (16)  

Though it has been stated that intrinsic factors such as bony malalignment of the lower 

extremity, flexibility deficits, and ligamentous laxity may be considered as predisposing 

sources in the development of overuse injuries, it is also a combination of extrinsic factors 

– such as training error and environmental factors that lead to such injuries. (82) For 

example, changes in stride length in runners, increases GRIF that disrupts the 

coordination between STJ and knee joint actions. (55)  
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Menz et al. (2013) examined the associations of foot posture and foot function to foot 

pain. They collected data on 3,378 members of the Framingham Study who completed 

foot examinations between 2001-2008; after concluded that pes planus was associated 

with an increased likelihood of arch pain, while pronated foot function was associated 

with an increased likelihood of generalized foot pain, as well as heel pain. (12) Both 

planus foot posture and pronated foot function are related with foot symptoms (12) and 

foot pain. (15) Although pes planus is a condition that is associated with an increased 

amount of complications and secondary symptoms to the foot alone, such as arch pain, 

bunions and hallux valgus – it does not seem to affect the proximal portion of lower limb 

and pelvis in a different way than STJ pronation alone does. (112)  Coxa pedis 

destabilization syndrome and peri talar destabilization syndrome have also been said to 

result from sub-talar pronation. (65)  

Plantar Fasciitis   

It has been stated that the excessively pronated foot has difficulty of ability in absorbing 

shock of weight-bearing (16) It is said to occur due to an excessive stress placed on the 

plantar aponeurosis located on the plantar aspect of the foot (76) causing an overloaded 

process of the plantar fascia at its calcaneal insertion that leads to chronic inflammation 

and degeneration (123) 68) by producing microscopic tears at this point. (68) The planar 

aponeurosis is a major ligamentous support with the greatest contribution for the medial 

arch (8) (76) and is one of the most common injuries of the foot as a result of excessive 

deformation of the arch (68) A collapsed arch may result in the stretch of the spring 

ligament and plantar fascia, which eventually produces plantar fasciitis. (16) Kwong et 

al. (1988) states that: an excessive amount and/or a prolonged duration of pronation is 

the most common mechanical cause of structural strain resulting in plantar fasciitis. 

(123) Wearing (2006) contradicts this, describing the complexity of the pathomechanics 

of the condition, and that it may involve other mechanisms, such as “stress-shielding”, 

vascular and metabolic disturbances. She further states that mechanisms other than 

pronation – including the formation of free radicals, hyperthermia, as well as genetic 

factors – are equally important factors in determining the development of plantar fasciitis. 

(68) (98)  
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Ankle Sprain  

Beynnon et al. (2001) did a prospective study on 118 athletes to determine the risk factors 

associated with ankle injury. For one whole athletic season, potential ankle injury risk 

factors were measured, subjects were monitored, and injuries documented. (97) They 

found four factors: 1.) factors associated with ankle injury differed between male and 

female 2.) women who had increased tibial varosity and increased ROM of calcaneal 

eversion were at a greater risk of suffering ligament trauma 3.) men who had increased 

talar tilt are at greater risk of ankle injury, and 4.) joint laxity, muscle strength, postural 

stability and muscle reaction time were unrelated to injury. (97) Other authors suggested 

possibility of the relationship. (98) (100) (38) (101) (102)  

Hallux Valgus  

Forefoot varus and equinus are clinically observed to result in hallux valgus (81) Forefoot 

abduction resulting from forefoot varus foot position, results from transfer of forces on 

calcaneal eversion to spread through the medial metatarsals, which result in problems 

over the first metatarsal, such as hallux valgus. (16) (81) It has been stated that there 

occurs a varus deviation of the first metatarsal during pronation of the foot and that these 

two motions are linked. Both motions alter the tendon balance that maintains proximal 

hallux alignment, and is said to lead to the development of hallux valgus. (22) Other 

studies have suggested a similar relationship. (38) (81) (68) (98)  

(100) (101) (102) (22) (66) (51) (43) (98)  

Achilles Tendinopathy  

Achilles tendon contracture has been noted in certain cases of foot postures, particularly 

equinus; where tightness of the heel cord results in a motion restriction at the ankle, 

transferring loads further into the foot and displacing the sub-talar joint. (66) This 

displacement could also explain why the foot tends to remain for longer periods in 

pronation. (6) (43) (45) (40)  

In individuals with symptoms of Achilles tendinopathy and MTSS, it was found that the 

amount or velocity of hyperpronation was not as big a key factor in injury development 

as was the duration that the foot remains in a pronated position. In comparison to healthy 
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subjects, the ones with symptoms demonstrated biomechanically prolonged pronation and 

eversion of the heel during their heel-off phase of gait. (6)  

Foot posture that was measured statically as a potential risk factor for lower limb overuse 

injuries found strong but limited evidence of the relationship between pronated foot 

posture as a risk factor for development of MTSS and patellofemoral pain, although 

further studies are required to determine their effect on dynamic foot function. (3) A 

systematic review following this study, evaluated dynamic foot function as a risk factor 

in development of overuse injury of the lower limb. The results showed that there is very 

limited evidence that dynamic foot function in walking or running is a risk for 

patellofemoral pain, Achilles tendinopathy, and other non-specific overuse injuries to the 

lower limb. (4).   

5.2. Injuries and Conditions Associated with the Shin, Calf and Knee  

Forefoot varus and equinus have been observed clinically to cause symptoms of leg 

fatigue (81), in addition forefoot varus may cause symptoms of knee pain (81) Knee pain 

in running can result from the transfer of foot eversion to internal rotation of the tibia. 

(57) (54) (51) (10) (52) This suggests functional relationship between arch height and 

injury may exist in that the transfer of foot eversion to internal leg rotation was found to 

increase significantly with increasing arch height. (10)   

Posterior Tibial Tendon Dysfunction (PTTD)   

PTTD is considered a major cause of acquired flatfoot deformity in adults. Collapse of 

the MLA may cause stretch to soft tissues located posterior to the medial malleolus, 

primarily being the posterior tibial tendon and posterior tibial nerve. This may result as 

PTTD or posterior nerve entrapment. (16) Another author concluded in his study that 

PTTD to be the cause of atypical pronation: Bubra et al. (2015) identified degenerative 

changes in the tendon, lead to pain and weakness. If these symptomsa are not identified 

and not treated, the condition will progress to a deformity of the foot and degenerative 

changes in the surrounding joints. Patients will complain of medial foot pain, weakness, 

and a slowly progressive foot deformity. (126)  
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Patellofemoral Pain Syndrome   

The etiology behind patellofemoral pain syndrome is not fully understood and may consist 

of multiple factors including lower leg and foot malalignment. (51) Excessive pronation 

of the STJ is thought to lead to patellofemoral disorders. It is thought to be caused by a 

delay in external rotation of the leg, thus inhibiting foot supination, which results in 

maltracking of the patella. (54) (43) (45) (40)  

Levinger and Gilleard (2004) investigated hindfoot posture including STJ neutral position 

and relaxed calcaneal standing measurements in patellofemoral pain syndrome and 

healthy subjects in a cross sectional comparative investigation. (117) A significantly more 

everted posture of the hindfoot was found for the PFPS group. Subtalar joint varus may 

contribute to the increased eversion during relaxed standing in the PFPS group. (117) 

Dynamic foot function should also be considered in diagnostics of patellar tendinopathy 

(4) Barton and Levinger (2014) evaluated kinematic variables using the FPI during 

dynamic foot function in a control study with a patellofemoral pain syndrome group and 

a control group. A fair to moderate association was found between the FPI and some 

parameters of dynamic foot function. (117) (118)  

Chondromalacia  

Rothbart et al. proposed a chondromalacia model explaining pathomechanical events 

leading to oblique tracking patellar syndrome. The authors suggest that excessive 

pronation is a causative factor in directing non-synchronized rotation between the shank 

and femur. This forces the patella out of its normal tracking groove, which, in turn, 

generates erosion between the inferior margin of the patella and femoral epicondyles.  

(47) This same mechanism was stated to exist by other authors. (54) (43) (45) (40)  

Medial Tibial Stress Syndrome (MTSS)   

MTSS or “shin splints” is an overuse injury that is contributed to by structural deformity, 

and most commonly occurs in long-distance runners (84) as well as athletes and soldiers. 

(83) (84) The pathophysiological mechanism behind the condition is said to be caused 

histologically by bony resorption that outpaces bone formation of the tibial cortex, 

resulting in pain on the posteromedial border of the tibia. (83)  
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Moen et al. (2012) examined risk factors and prognostic indicators for MTSS. (83) In this 

study they included thirty-five test subjects and evaluated the following indicators: hip IR 

and ER, knee flexion and extension, plantar and dorsal ankle flexion, hallux flexion and 

extension, subtalar inversion and eversion, maximal calf and lean calf girth, standing foot 

angle and NDT. They found more than one outcome variable to be associated with MTTS 

– that included the following: decreased hip ROM in IR, increased ankle plantar flexion 

and a positive NDT. (83)   

Neal et al. (2014) proposed foot pronation (and supination) as risk factors for LL injury. 

The authors created a systematic review and meta-analysis to investigate 

staticallymeasured foot posture. Their results listed twenty-one studies (total n = 6,228; 

EAI 0.8 to 1.7 out of 2.0) with strong evidence that pronation was a risk factor for MTSS 

development; but limited evidence that pronation was a risk factor for patellofemoral pain 

syndrome, although effect sizes were small (0.28 to 0.33) (See Table 4-1: Summary of 

study characteristics according to Neal et al., (2014). Pronated foot posture was not 

identified as a risk factor in relationship to other pathologies – foot/ankle injury, bone 

stress reactions and non-specific LL overuse injuries. (3)   

The following study strongly associated atypical pronation to MTSS: Yates and White 

(2004) evaluated 124 male and female naval recruits to identify the incidence of MTSS 

and its risk factors while undergoing a 10 week training period. (86) The authors found 

pronated foot type to be more relevant in the MTSS group when compared to the control 

group. They concluded that pronated foot should be identified prior to training to decrease 

the risk of developing MTSS by early intervention to modify pronation. (86)   

In a predictive correlational study aimed to identify relationship factors between MTSS 

and LL structural measures, Bennett et al (2001) hypothesized a potential correlation 

between the two associations. The results supported this hypothesis showing different 

NDT measures from 125 test subjects in injured and non-injured groups. The NDT 

measurements identified injured groups with 76% accuracy. Logistic regression analysis 

was used to establish predictions. (83) (84)   

Another study that obtained similar results to Bennet et al (2001), found that individuals 

with MTSS demonstrated increased navicular drop measures and MLA collapse during 
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quiet standing, and MLA collapse during gait when compared to healthy individuals. 

(105)  

Foot posture angles were measured in symptomatic subjects in both closed 

(weightbearing) and open-kinetic chain (non-weight bearing) manners to determine its 

relevance to MTSS. Case limbs or limbs with symptoms of MTSS, were shown to have 

higher incidence of forefoot and hindfoot varus angles. The study also found that standing 

foot angles of <140 degrees and a varus deformity of forefoot or hindfoot, were predicting 

factors in development of MTSS. (37)  

Vtasalo and Kvist (1983) found structural and functional differences in the feet when 

comparing athletes with and without MTSS. (106) Three factors were measured in their 

study: 1.) passive ROM of the STJ, 2.) angular displacement of the Achilles tendon during 

silent standing and 3.) the same angle during barefoot running. Angles in symptomatic 

MTSS groups were much greater than in normal groups. (106)  

Chuter and Janse de Jonge’s narrative review suggested that excessive foot pronation 

increased the risk of exercise related lower leg pain and MTSS, but not patellofemoral 

pain. However this review was not systematic in nature. Additionally, it only included 

studies on dynamic foot posture function and excluded static foot posture studies. (108)   

ACL Injuries  

The ACL is the most frequently ruptured ligament of the knee. (75)  Some authors have 

suggested that excessive internal tibial rotation that is often related with hyperpronation 

of the STJ during stance is a factor that may predispose the knee to injury. (75) Beckett 

et al. (1992) studied the incidence of excessive pronation in subjects who have had an 

ACL injury. Authors suggested that hyperpronation of the foot-ankle complex would 

increase risk of injury to the ACL. Fifty subjects with a past medical history of ACL 

rupture and 50 subjects without a history of lower extremity pathology took part in the 

study. Foot-ankle pronation was measured with the NDT. The study found that ACL 

injured subjects had greater NDT scores than non-injured subjects. But concluded need 

for further investigation on pre-loading stresses on knee ligaments.  (60)  

A case control study by Hertel et al. (2004) evaluated male and female subjects for 

navicular drop, quadriceps angle, pelvic tilt, hip internal and external rotation range of 



35  

  

motion, and true and apparent leg length discrepancies. The aim of this study was to 

identify if any of these measures were predicaments for ACL injury. They found the 

most associated measures with ACL injury to be hyperpronation (measured as navicular 

drop) and increased anterior pelvic tilt. (72)  

A similar study that examined measures in static postural faults in non-contact ACL 

injured female athletes  revealed three measures associated with these subjects: knee 

recurvatum, excessive navicular drop results on the NDT, and excessive subtalar joint 

pronation. These factors were considered to be “significant discriminators” between 

ACL-injured and non-ACL injured groups.  (73) Allen & Glasoe (2000) evaluated 

navicular drop test scores in ACL groups as compared to healthy controls that were 

measured by using Metrecom (that demonstrated excellent intrarater reliability scores). 

The test scores showed a statistically greater amount of navicular drop in the ACL group. 

This lead the authors to conclude excessive STJ pronation, measured as navicular drop to 

be a contributing factor in ACL injury. (74)  

Woodford-Rogers et al. (1994) did a similar study in which they evaluated navicular drop, 

as well as calcaneal alignment, and anterior joint laxity. They measured these factors in 

separate groups of ACL-injured and non-ACL injured subjects using a KT1000. The 

compared group results showed that ACL-injured group had greater amounts of navicular 

drop, suggesting greater STJ pronation and greater anterior knee joint laxity. The methods 

used were discriminant analysis and multiple regression to indicate group variables. They 

correctly predicted injury status for 70.5% of all cases, which lead them to conclude that 

increased ankle-foot pronation and increased anterior knee joint laxity, increases the risk 

of ACL injury. (75) In contrast, hyperpronation as measured by the navicular drop test 

was not concluded to be a predictor of ACL injury, and, thus, may not be a predisposing 

factor to noncontact ACL injuries. (110)  

An evidence based analysis by Bukoskey et al. (2010)  identified hyperpronation of the 

subtalar joint as a factor to be considered when determining treatment to decrease the 

number of non-contact ACL injuries in female athletes. (80) Coplan (1989) investigated 

the effect of excessive pronation on transverse rotational motion of the knee in a control 

study on 15 normal and pronating subjects. Fifteen normal and 15 pronating subjects were 

tested for the total range of passive transverse rotatory movement of the knee. Knee 

rotation was demonstrated on the Cybex II isokinetic dynamometer to be significantly 
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greater in pronating groups, but the study suggests further research to examine these 

motions. (128)  

Moul (1998) measured differences in selected predictors of ACL tears between male and 

females in basketball players. These predictors were differences in stride length, Qangle, 

and pronation. He found that Q-angle and relative quadriceps strength to be a significantly 

different between males and females, but concluded pronation as not being a selected 

predictor in ACL tears.  (107)  

5.3. Injuries and Conditions Associated with the Hip, Pelvis and Low 

Back  

Both forefoot and hindfoot varus has been observed clinically to cause symptoms of low 

back pain (81) and equinus to cause severe postural symptoms. (81)  

Hip Pain or Injury  

A systematic review by Steinburg et al. (2017) aimed to determine whether hip muscle 

performance is associated with leg, ankle, and hip injuries. Differences in hip muscle 

performance indicating less strength, delayed onset activation and decreased duration of 

activation in the injured groups, but evidence was limited. (127)   

Low Back Pain  

Rothbart & Estrabrook (1988) proposed a model for pelvic list describing leg length 

discrepancies that were foot posture-related and a correlation between sciatica. (47) The 

authors based their information on statistical analysis of ninety-seven chronic LBP 

patients. This model suggested that unilateral pronation initiated an anteriocaudal rotation 

of the sacroiliac joint. This resulted in an entrapment of the sciatic nerve between the 

piriformis muscle and sacrospinous ligament. The affected limb was observed to develop 

numbness, weakness and eventually paralysis. (47)   

Farahpour (2016) connected an association that may exist between pronation and LBP 

having to do with elevated GRF and elevated loading rates. (31)  
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5.4. Injuries and Conditions Unspecified to the lower limb  

Nielsen et al. concluded that pronating individuals had no injuries related to the lower 

limb. (103) This one-year observational cohert study aimed to investigate if 

runningrelated injury varied between foot postures in novice runners wearing neutral 

shoes.  

With an injury defined as: any musculoskeletal complaint of the lower extremity or back 

caused by running, which restricted the amount of running for at least one week. 

(103).The study concluded that moderate foot pronation in a total of 927 novice runners 

who wore neutral shoes did not exhibit increase in injuries in comparison to those with a 

neutral foot posture. Foot posture evaluation was based on using the FPI, and was 

categorized into highly supinated (n=53), supinated (n=369), neutral (1292), pronated 

(n=122) or highly pronated (n=18). Each participant was forced to run in the same neutral 

shoe until injury or censoring. A total of 252 injuries were sustained.   

Tong and Kong created a meta-analyses in which both pronated and supinated foot types 

were concluded to be significantly associated with lower extremity injury. (109) 

However, their study examined qualitative measures, not anthropometric measures that 

accurately classify foot posture conditions.   

Ferber et al. (2009) found no definitive link between atypical foot pronation mechanics 

and running injury mechanisms; the authors did find an increasing body of literature 

suggesting weakness of hip stabilizing muscles leads to atypical lower extremity 

mechanics and increased forces within the lower extremity during running. (2)  

Additional information was found in a study that contradicted this suggestion, by 

proposing the possibility of hip muscle performance being a result of injury rather than a 

contributer to injury, when referring to overuse injury related to the lower limb. Limited 

evidence exists to support the theory that hip muscle performance variables are related to 

leg, ankle and foot injuries. This was the information obtained by Steinburg et al. (2017) 

in the authors’ systematic review. (127) The conclusion found increasing amount of 

literature that suggested that hip muscle performance is rather a result of the injury, than 

a contributor to the injury. In this review, there were twenty case-control and four 

prospective studies (n = 24) that were included in the study. The authors researched the 

following injury classifications: chronic ankle instability (n = 18), Achilles tendinopathy 



38  

  

(n = 2), medial tibial stress syndrome and tibial stress fracture (n = 1), posterior tibial 

tendon dysfunction (n = 1), and exertional medial tibial pain (n = 2). Eleven of the studies 

revealed differences in hip muscle performance indicating less strength, delayed onset 

activation and decreased duration of activation in the injured groups. Two studies found 

evidence for differences between groups only in some of their measurements. Three out 

of the four prospective studies revealed that hip muscle performance was not a risk factor 

for leg, ankle and foot injuries. (127)  

Twellaar et al. (1997) assessed physical characteristics as risk factors for sports injury in 

a four year prospective study. (114) Malalignments of the lower extremities showed some 

relations with the number of injuries, but claimed these relations were inconsistent. Pelvic 

obliquity was considered a positive relativity factor, but for hindfoot malalignment and a 

deviant footprint it appeared to be negative. Leg length inequality and malalignment of 

the knees were considered un-related to injuries. Twellaar et al. noted limitations in this 

study being a low number low number, but wide variety of sports injuries that were 

recorded, and may have contributed to poor results. This study shows some 

inconsistencies with methodology, however suggests homogeneity in physical 

characteristics as a limitation factor. (114)  

6. Special Considerations in Diagnostic Methods   

Pronation should not be overlooked in clinical evaluation.  (30) (51) Effective diagnostic 

methods are important in clinical decision making and help the examiner achieve a more 

accurate differential diagnosis. This chapter of the thesis will cover some diagnostic 

assessment tools that can be considered useful in assessment of the foot-ankle complex. 

It will briefly cover some methods that are effective in diagnosing STJ pronation in cases 

that can be definitively considered excessive or atypical.   

Commonly employed assessment methods to assess foot posture, as stated by Tong & 

Kong (2013) include, but are not limited to, navicular drop, resting calcaneal eversion, 

the longitudinal arch angle and the Foot Posture Index (FPI) (109). Silva et al. (2014) 

confirms forefoot varus as a predicament for subtalar hyperpronation in young 

individuals, by using the rearfoot eversion angle test, the navicular drop test, and the FPI. 

(113) Although the FPI, visual aspection, and physical examination showed significance, 
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they are qualitative measures. It is therefore stated that radiographic and navicular height 

measurements can describe arch-height of the foot effectively, with only anthropometric 

measures accurately classifying flatfoot. (109)   

Equinus is better assessed in a non-weightbearing position because the arch reappears 

after forces are released. This condition is typically resulting from muscle contracture to 

the calf, causing the joint to appear to be in sustained position of pronation. Weight 

bearing stretches the tendon, causing the arch to collapse again, and the STJ to pronate.   

Jarvis et al. (2012) states that reliability of assessment protocols for foot and lower limb 

biomechanics have been questionable in the past. His study aimed to: 1.) investigate 

which biomechanical examinations are used in clinical practice, and 2.) evaluate the inter-

assessor reliability of some of these examinations. (111)    

A recent study by Cramp et al. (2016) aimed to determine the level of agreement between 

common clinical foot classification measures. (122) The findings reported in this study 

highlight inconsistencies between the chosen foot classification measures. The FPI-6 was 

a reliable multi-planar measure, whereas NDT was observed to be unreliable with only 

“fair agreement” across test sessions. The use of the NDT as a measure for foot 

assessment was discouraged. The lack of strong consensus between measures for foot 

classification reinforces the need for a consensus on appropriate clinical measures of foot 

structure. (122)   

6.1. Assessment of Foot Motion  

Measurement of STJ movement tends to be difficult since the bone segments of the foot 

and its range of motion in its location tend to be comparatively small, with six degrees of 

movement in three different planes. However, it is possible to evaluate these motions, as 

several biomechanical models have been developed to measure foot motion including a 

method described by Root et al. (Root et al., 1971) that has been accepted by many 

different studies. (44) (52) (46) (42) (53) (58) This method represents two lines bisecting 

the leg and the heel to form an angle viewed from the coronal plane perspective, 

representing pronation and supination (see Figure 5-1: Approximate range of motion in 

the sub-talar joint in a coronal plane). This method is widely accepted because the tri-

planar motions of the STJ are best observed from a posterior aspect, in a coronal plane. 
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The logic behind this concept can be better understood thanks to the talotarsal mechanism 

(see Chapter 1).  

The foot motions can be evaluated in two separate circumstances: non-weight-bearing and 

weight-bearing. The reason for testing in these two ways is because there is a difference 

in force produced by body weight and by muscle contraction that acts to stabilize the 

joints – where passive motion produces more joint range than active motion. (21)  

Non-weight-bearing motion of the foot is considered passive, and is tested with the patient 

seated and with the ankle hanging free. Sub-talar joint motion is evaluated by the 

examiner grasping the tibia with one hand and inverting and everting the heel with the 

other hand. (21) Abduction and adduction of the forefoot are tested with the heel 

immobilized. Supination and pronation (of the forefoot) are tested with the heel in a fixed 

position as well; the same is the situation when testing flexion or extension of the 

tarsometatarsal joints and toes. (21) Weight-bearing motion of the foot is considered 

active. Active sub-talar joint inversion is demonstrated by observing heel orientation from 

behind as the subject rises up to stand on the toes. (21) Since hindfoot pronation is a 

kinematically coupled motion, the examiner will be evaluating excessiveness of the 

following motions: eversion of the talus, with dorsiflexion and abduction of the forefoot. 

(See Figure 5-2: Examination of motion in the transverse tarsal joint)  

When determining hindfoot valgus in normal foot measures, Brussens et al. (2016) 

concluded that the inferior point of the calcaneus showed the presence of an increase in 

bone density, indicating a higher load exposure on weightbearing CT. The authors 

determined that the inferior point of the calcaneus should be used as the anatomical 

landmark in measurement of hindfoot valgus because of its influence on load transfer, 

thus having greater biomechanical relevance. (125)  Measurement of the calcaneal angle 

may be a useful adjunct to the Hübscher maneuver for grading the clinical severity of 

hyperpronation. (124)   

Nowacki et al. (2012) suggest the current need for a standardized, time-efficient method 

of measuring and grading hyperpronation. (124)  

Hindfoot measurements may be an important addition to other clinical measurements 

taken to explore the underlying etiology of subjects with PFPS. (117) FPI is used as a 

reliable source in subjects with PFPS. (117)   
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A physical examination using a series of tests, including the single-limb rise (heel-raise 

test), first-metatarsal rise sign, and the "too-many-toes" sign, used in combination with 

selected radiographic imaging techniques, allows classification of the severity of disease. 

Other Methods of assessment include: Foot Posture Index, Navicular Drop test, and 

Hubshcer maneuvere.  

Digital photographs have been shown to be a reliable tool to assess static knee alignment 

and limb-length measurements. In addition, an electromagnetic tracking system was 

determined an efficient and acceptable method to assess static frontal-plane knee 

alignment and limb-length measures. Concluding that by incorporating these measures of 

static lower extremity alignment helps identify individuals at greatest risk of knee injury. 

(59)  

6.2. Theory of Muscle Tuning and Adaptation   

A study by Nigg et al. (2001) analyzed information that was collected from the last 25 

years from theoretical, experimental and epidemiological sources on heel-toe running, 

proposed that impact forces is not a key factor in the development of chronic and/or acute 

running-related injuries. A new paradigm proposed that impact forces are input signals 

that produce a muscle tuning reaction in the locomotor system, thus it is important to 

maintain a preferred joint movement path. It suggests that any intervention counteracting 

this preferred movement path, such as a shoe orthotic, will increase muscle activity. Thus, 

shoes, inserts and orthotics affect the muscle activity due to fatigue, comfort, work and 

performance. The study further proposed that the locomotor system uses a similar strategy 

for “impact” and “movement control”.  That the proposed muscle tuning reaction to 

impact loading affects muscle activation before ground contact; while muscle adaptation 

to provide a constant joint movement pattern affects the muscle activation during ground 

contact. (1)   

7. Evidence of Current Treatment Methods for Correcting 

Atypical Pronation  

7.1. Orthotics  
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A functional orthotic is a device that controls the range of subtalar joint motion. It is not 

the hardness or softness of the orthotic that is critical in order to be effective, but it is the 

way the orthotic is constructed. A functionally efficient orthotic should be attained by 

fabrication of a cast that is made by holding the foot in the area of the subtalar joint, and 

maintaining the joint in a neutral position (neither supinated nor pronated) while the cast 

hardens. (47)  

Lack & Barton (2014) did a study on asymptomatic individuals which found that 

prefabricated orthotics were more effective in correcting kinematic alterations proximal 

to the foot in those who had a pre-existing condition of reduced underlying ankle motion. 

(118) (31) Genova (2000) concluded that foot orthotics had a significant effect on 

calcaneal eversion and shoes also should be considered in conjunction with foot orthotic 

prescription as treatment. (46)  

Research supports the suggestion of correction of foot hyperpronation to prevent 

musculoskeletal injuries due to excessive internal shank rotation. (43) (51) (53) (54) (55) 

(47) (11)   

A systematic review that identified 199 citations on evidence-based prevention for MTSS, 

included randomized controlled trials or clinical trials, concluded that the most promising 

outcomes held treatment results from shock-absorbent insoles. Additional studied 

prevention methods included foam heel pads, stretching for the Achilles tendon, other 

footwear and gradual running programs (104)   

They produce only small, not systematic. and subject-specific changes of foot and leg 

movement. A new paradigm for movement control for the lower extremities proposes that 

forces acting on the foot during the stance phase act as an input signal producing a muscle 

reaction. The cost function used in this adaptation process is to maintain a preferred joint 

movement path for a given movement task. If an intervention counteracts the preferred 

movement path, muscle activity must be increased. (1)  

7.2. Other Treatment Methods  

Muscle Strengthening & Exercise  
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Various methods have been advocated in the treatment of a pronated foot, including active 

strengthening exercises. (34) A study done by Lee et al. (2017) on a group of subjects 

with patellofemoral pain syndrome and associated pronation, found that Shortfoot 

exercises (performed during forward descending of stairs) of the intrinsic foot 

musculature (as seen in Sensori-motoric training methods) was the most effective method 

in activation of the m. abductor hallucis – a primary intrinsic muscle of the foot – in 

comparison to the un-treated group and taped group. (34)  

Proprioceptive exercise on an unstable surface generates an increase in EMG activity of 

ankle stabilizing muscles, with an activity increase particularly noted in m. tibialis 

anterior and m. peroneus longus. Exercising with the eyes closed significantly increases 

this activity. (35)   

Bunton et al. (1993) analyzed the differences between open and closed kinetic chain 

exercise and explained the role of limb torque, muscle action, and proprioception during 

rehabilitation of the lower extremity. They found that closed kinetic chain rehabilitation 

is shown to decrease shear forces, increase proprioception, and increase muscle group 

coordination through means of progressive exercise. The authors concluded that closed 

kinetic chain rehabilitation is an economical, efficient, and effective means of 

rehabilitation, with the final result of enhancing neuromuscular proprioception, thus 

increasing lower extremity joint stability. (39) Other treatments that have been suggested 

include: Compensatory Threshold Training Sensorisomatic Training, and Taping. (16)  

On treatment of foot pain, Stovitz et al. (2004) mentions that interventions that seek to 

reduce hyperpronation and strengthen foot muscles are often recommended. He further 

adds, an understanding of the causes and effects of hyperpronation will greatly assist the 

evaluation and treatment of patients who have foot pain. (16) Awareness of anatomical 

factors predisposing the clinician to develop individual preparatory rehabilitation 

programs will decrease the risk of injury. In addition, extrinsic sport or lifestyle factors 

should be addressed as they may be predispositions for overuse injury.   
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8. Findings & Results  

8.1. Research Question 1.: What are the implications of atypical 

pronation on the lower limb with respect to gait function and 

biomechanics?  

The theoretical model of the mitred-hinge joint was originally conceptualized and 

documented by the author, Inman (1967) and later developed by and further 

conceptualized by Tiberio (1987) in his research having to do with the effect of excessive 

subtalar joint pronation on patellofemoral mechanics. (54) (57) The theoretical model of 

the mitred-hinge joint represented the sub-talar joint functioning at its two axes. (54)  

Inman’s proposed concept of this theoretical model was based off the postulation by 

Elftman (1960) who observed that both the axes of the mid-tarsal joint (talotarsal joint or 

TTJ; also described as the single functional unit of the talonaviculocalcanear joint or 

“coxa pedis”) function in conjunct with the sub-talar joint. (64) This basically describes 

the motion of the talus on the hindfoot. (57)   

During foot pronation, both the axes line up to create a parallel position in the joint that 

results in an “un-locked” situation, creating a hypermobile foot that is pliable and 

absorbent to shock. During supination, Elftman postulation the opposite occurrence, 

where the joint axes become crossed with one another, resultantly “locking” the joint to 

create a more rigid foot, thus allowing increased efficiency for transmission of forces 

applied to the foot. (64)   

This postulation became known as the talo-tarsal mechanism – theoretically, one of many 

ways to name this described axial mechanism. Since the time this mechanism originally 

became conceptualized, it resulted in many controversial theories and suggestions about 

atypical pronation in general. This concept resultantly became a cause for further 

research.   

Since this postulation became evident, it has been:  

- Supported by the following authors:  (28) (22) (21) (43) (40) (52) (115) (70)  



45  

  

(71) (69) (49)   

  

- Debated upon by the following authors: Berans, 1993 questioned the proposal of 

defining the mechanism of a highly-unpredictable joint such as the sub-talar joint; 

As he stated the existence of individual deviations in the axis of the joint which 

makes pronation resultantly less predictable in this sense; (26) It is not a valid 

predicament to say that this mechanism is to occur the same way in all individuals. 

(26) as depicted in Fig2-1: Deviations of the Sub-talar joint.   

  

- Contradicted by the following authors: Harris and Beath (1995) argued the 

potential risk of the implications of excessive pronation based on this theory, 

concluding that the “un-locked” or highly mobile foot is of little concern as a 

potential cause of disability. (66) (67) Nigg & Hintermann (1993) stating that the 

linear transfer of tibial rotation from calcaneal (hindfoot) eversion is not the case, 

but that calcaneal eversion results from additional rotational loading of the knee, 

when it is accompanied by high (velocity) movement of the ankle joint. Stating 

that the cause is primarily due to ground reaction force. (24)  

  

Further studies that developed and supported Elftman’s (1960) postulation, used his 

theoretical model as a reference for clinical testing when researching implications of 

atypical pronation on the lower limb. (64)  The following measures were either confirmed 

or supported as being relative or resultant factors of prolonged or excessive pronation:  

- Higher standing tibia varus angles (6)  

- Increased hip internal rotation during the stance phase (6) (11) (77)   

- Internal tibial rotation (11) (30) (51) (54) (41)  

- Interanal femoral rotation (49) (77)  

- Functional shortening of the lower limb on the pronated (uni-lateral) side (41)  

(11)   

- Increased anterior pelvic tilt (11) (49) (41)  

- Forward downward rotation of the sacro-illiac joint  (47)  

- Increased knee and hip adduction  (7) (54) (52) (53) (55)  
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- Increased “ankle-foot complex” external rotation and pronation, coupled with hip 

internal rotation at the end of the stance phase (116)  

- Increased hip internal rotation in silent stance (77)  

- Increased hip flexion (77)  

- Increased lateral trunk tilt on the ipsilateral side of the pronated foot (30) (77)  

Most studies found on this topic were control cohert observational, cross sectional, or 

randomized controlled trials. All but two studies that fell into criterion for this research 

were systematic reviews and meta-analyses. But the methods of these last two studies 

remain questionable.   

Two studies that investigated the relationship between sub-talar joint and lower limb 

biomechanics and the translation of movement between the two, found weak associations 

between the hip and ankle-foot complex. (121) (120). However, the methodology used in 

these studies was questionable and may have compromised their conclusions. Reischl et 

al. 1999 used discrete variables to describe hip and foot motion and timing, which may 

have underestimated possible joint similarity. (121) Nester (2000), giving similar 

conclusions, analyzed time-series data of hip and ankle transverse plane motions, 

regarding the continuity of the variables. (120)  

Malalignment of the lower extremity, including excessive range of motion at the hip, 

excessive pelvic rotation, increased tibial tosion, tibial varosity, genu varosity or 

valgosity, subtalar varus and excessive foot pronation are frequently cited as predisposing 

factors that may increase the risk of injury. This is partially due to the effect of movement 

translation into the knee, particularly.  

Muscle length should be taken into consideration as a part of diagnosis, since range of 

motion is noted to be excessive or limited in certain joints. Muscle shortness may 

predispose the development of overuse injuries, such as traction apophysitis.  

Duval et al. (2010) concluded no relation between foot pronation (measured as calcaneal 

eversion) and induced anterior tilt of the pelvis, and did not increased the degree of lumbar 

lordosis as hypothesized. The study did confirm that internal rotation of the legs caused 

the pelvis to tilt anteriorly, but also claimed that this factor had no influence on the 

increase in lumbar lordosis. (78)    
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8.2. Research Question 2.: What is the evidence on atypical 

pronationrelated injury to the lower limb?  

Most studies found were cohert observational or control studies. Only two studies were 

systemic review and meta-analysis.   

The majority of research seemed to be concentrated to the distal portion of the lower limb, 

with the least amount of studies involving the hip, pelvis and low back.   

Few studies provided information relating atypical pronation of the sub-talar joint to 

possible risk of, or contribution to specific pronation-related injuries to the lower limb. 

Conclusions were left open-ended and many studies suggested the need for further 

research.   

Two of the studies were found to have exceptionally questionable methods: Chuter and 

Janse de Jonge’s (2015) narrative review suggested that excessive foot pronation 

increased the risk of exercise related lower leg pain and MTSS, but not patellofemoral 

pain. However this review was not systematic in nature. Additionally, it only included 

studies on dynamic foot posture function and excluded static foot posture studies. (108) 

Tong and Kong (2013) created a meta-analyses in which both pronated and supinated foot 

types were concluded to be significantly associated with lower extremity injury. 

However, their study examined qualitative measures, not anthropometric measures that 

accurately classify foot posture conditions. (109)  

In more recent literature, Farahpour (2016) suggests association connecting overuse 

injury to atypical pronation having to do with elevated levels of ground reaction force 

(GRF) and elevated loading rates of the leg. (31) Which may be a new direction for 

research.   

Many studies suggested the potential existential connection between malalignment of the 

lower extremity to injuries and conditions, conclusively due to overuse. These 

suggestions were such as pain in the low back and hip, illiotibial band syndrome, ACL 

related-injuries in the knee, medial tibial stress syndrome, posterior tibial tendon and 

nerve dysfunction, patellofemoral tendinopathy, Achilles tendinopathy, leg fatigue, foot 

pain, hallux valgus, planar fasciitis, and other problems in the foot.  
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The following conditions were most often suggested to be a relative factor of atypical 

pronation of the foot were:   

- Localized foot/ ankle conditions including Plantar fasciitis, hallux valgus and foot 

pain and Achilles tendinopathy– (12) (13) (15) (16) (76) (81) (68) (38) (100) (101) 

102) (22) (66) (67) (51) (43) (45) (40) (3) (6) (4) (98) (99)  

  

- MTSS –  (86) (87) (88) (89) (90) (91) (92) (93) (83) (84) (37)  

  

- Patellofemoral pain syndrome – (94) (95) (117) (118) (96) (54) (43) (45) (40) 

Although the etiology of the condition is found questionable. (54)  

The following studies strongly suggested existence between lower limb pathology and 

atypical pronation:  

- Overuse injury to the lower limb – (100) (28)  (101) (102) (104) (9) (10) (36)  

(37) (38) (79) (98) (99) (82)  

While the following studies suggested no existence between lower limb pathology and 

atypical pronation:   

- Pronated foot posture was not identified as a risk factor in relationship to other 

pathologies – foot/ankle injury, bone stress reactions and non-specific LL overuse 

injuries. (3) Nielsen et al. (2014) also concluded that pronating individuals had no 

injuries related to the lower limb in (103).  Smith et. al, (1997) and Moul (1998) 

found no link to ACL injury. (107) (110)  

Neal, et al. (2014) concluded their meta-analysis Evaluation of static foot posture should 

be included in a multifactorial assessment for both MTSS and patellofemoral pain, 

although only as a part of the potential injury risk profile. (3) While the included measures 

are clinically applicable, further studies are required to determine their relationship with 

dynamic foot function. They made a follow-up study to measure dynamically the 

relationship Dynamic foot function is considered a risk factor for lower limb overuse 

injuries including Achilles tendinopathy, shin pain, patellofemoral pain and stress 

fractures. This systematic review identified very limited evidence that dynamic foot 

function during walking and running is a risk factor for patellofemoral pain, Achilles 
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tendinopathy, and non-specific lower limb overuse injuries. It is unclear whether these 

risk factors can be identified clinically (without sophisticated equipment), or modified to 

prevent or manage these injuries. (3)  

Research suggested the possibility of relationship between hyperpronation and alignment 

of the pelvis and lumbar spine (43) (51) (46) (54) (47) (11) (49) (50), suggesting painful 

symptoms and injury to these regions, but there are no studies available that contains 

evidence supporting the theory.  

There is weak evidence to say that atypical pronation actually causes overuse injury 

because only a few studies have properly measured and gathered clear evidence. Most of 

other studies did not have appropriate methodology to make a strong conclusion.   

8.3. Research Question 3.: What does the evidence say from treatment 

results and effects?  

Many of the studies found were highly- connected to treatment involving the use of 

orthotics or insoles. Fewer studies provided evidence on effects or usages on other 

methods, such as taping, proprioceptive and sensomotoric methods, or muscle 

strengthening or conditioning exercises.   

Craig et al. (2008) suggests that shock-absorbent insoles should be considered as part of 

a treatment program for foot-related MTSS. (104) Because of kinematic coupling, 

orthotics may be deemed as ineffective since correcting the foot to the neutral position is 

not adequate to occupy all of the combined kinematic motions together, making relapse 

an inevitable result. On the other hand, adduction of the foot may corrects heel valgosity 

spontaneously as the calcaneus moves towards the fibula and approximation of the 

calcaneo-fibular ligament occurs. (104)   

8.4. Research Question 4.:  How is it atypical pronation diagnosed 

effectively?  

Many studies concluded that it is difficult to assess the pronation of the foot.   

Excessive pronation is determined by measuring the extent to which this occurs and the 

duration of its occurrence during the step-load of the gait cycle. Radiographic and 

navicular height test measurements have been mentioned in various studies. The FPI has 
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shown to be most reliable source of measurement. Other sources of measurement were 

passive and active assessment, visual aspection, Hübscher maneuver. The NDT was also 

used in several studies, but its reliability was questioned from one source.   

There are many tests to evaluate and quantify foot pronation, there is not one specific 

method which works best, but the reliability of the tests we choose is important.  Jarvis et 

al. (2012) has stated that no consensus on which protocols should be used in treatment 

and assessment of LL biomechanics exists. Many methods have been questioned in 

previous research. The authors conducted a consensus on which examinations are used in 

clinical practice and evaluated their inter-assesor reliability. (111)   

Another factor to consider during evaluation is that static foot measurement tests do not 

seem to be relative to the dynamic function of the sub-talar joint. This region of the foot 

composes many small joints and the foot has complex interactions; which have been 

shown to have different placements in the foot creating different lines of movement axes. 

Some studies suggested limitations in evaluation, due to the difficulty of measurement in 

the region of the foot, and due to its complexity of bone and joint structure. It was also 

mentioned that the structural anatomy of the sub-talar joint varies individually in different 

people; and that the location of the axes of the joint is not the same in every person. This 

resultantly has an effect on the extent to which an individual pronates. Thus, being a 

limiting factor that restricts the normative values for atypical pronation. Therefore, 

dynamic testing seems to be more relevant in evaluation.   

In reference from Hoagland (2015) from Chapter 1: Within limits of a physiological range 

of motion, mechanical stress that is placed upon the foot-ankle complex during gait is 

absorbed by the muscles of the lower limb, and for this reason does not typically exceed 

the maximal tensile limits of the ligaments or joint capsules in a normal functioning foot-

ankle complex. (20) This suggests that problems may arise with muscles, compartments, 

ligaments and soft tissues; which may also suggest that muscle strengthening exercises 

may be enough to prevent or contribute to correction of atypical pronation or its secondary 

symptoms. Further studies are needed.  

Nowacki et al. (2012) suggest the current need for a standardized, time-efficient method 

of measuring and grading hyperpronation. (124)  
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9. Conclusion  

Many studies contain enough evidence to say that biomechanical changes do occur in the 

lower limb due to atypical pronation of the sub-talar joint. However, there is still not 

enough evidence to say that atypical pronation will cause injury or harm to the joints, 

bones, soft tissues. Future studies are needed using proper sample sizes, collection and 

analysis of data, and better-established methods for classifying the severity of injury to 

create strong conclusions when determining risk factors for the lower extremity. In 

addition, more research studies should be conducted on the effectiveness of non-orthotic 

treatment for atypical pronation, such as the effect of muscle strengthening techniques or 

muscle stretching techniques on the lower limb.   

Implications of injury to the lower limb caused by atypical pronation is highly suggested 

in many studies, but the evidence actually providing any truth to this link is very small. 

The evidence that does exist may contain questionable methods. And studies that 

provided methods with accurate results were limited to injuries associated mostly with 

the distal portion of the lower limb.   

It is still quite difficult to exactly determine the normative values of pronation in terms of 

range of motion of the sub-talar joint. As a few studies have suggested, the points of 

measurement such as the calcaneus, or sub-talar joint vary, and are individual on every 

person. A slightly off-centered calcaneus may not be likely to determine factors for 

overuse injury in the knee, for example. But it may give us a heads-up to the prognosis of 

the current state and how to treat it at that moment. We may take some preventative steps 

in the direction of treatment in that area. Other factors we should take into consideration 

should be the function of the lower limb as a whole unit, and the cosynchronicity of 

muscular contraction etc. as we know that the muscles are working though kinetic chain 

mechanisms, the whole lower limb is in one way or another connected and our therapy 

can begin where we see is most appropriate for that individual once our examinations 

have been carried out and we have made a proper diagnosis. As the strongest correlation 

between atypical pronation and pathology was seen to be medial tibial stress syndrome, 

this suggests that functional measures should be further researched in relation to atypical 

pronation.   
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The following concepts considered to be potential influencing factors on the sub-talar 

joint mobility and need to be further evaluated:   

- Muscle chain interaction between hip and lower limb, as stated in the paradigm 

proposed by Nigg et al. in muscle tuning and ground reaction force  

- Ankle joint mobility and its influence on the sub-talar joint mobility  

- Mechanisms and predisposing factors in the development of lower limb overuse 

injury   

Concerning treatment and effects, the following should be further evaluated:  

- Proprioceptive exercise of the foot and its effectiveness on the whole lower limb  

- Muscle conditioning exercises of the lower limb and its influence on sub-talar 

joint stability  

- Other non-orthotic treatments and their dynamic effect on the sub-talar joint 

mobility  

 Understanding the mechanism behind pronation and how it may affect the lower limb, as 

well as understanding its effects will greatly assist with our differential diagnosis and 

treatment of patients who have symptoms following atypical pronation. Concerning 

treatment methods, it is important that we as clinicians seek to reduce atypical pronation 

or the secondary symptoms of it. It seems to be quite clear that there is evidence as a 

predisposing factor and risk of injury. Extrinsic factors should of course be addressed, as 

they may also interfere with certain mechanisms predisposing the individual to risk of 

injury. In addition, future prospective cohort studies in particular, should address the 

methodological limitations, avoid grouping different lower limb overuse injuries, and 

explore more clinically meaningful representations of dynamic foot function.  
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Appendix 1: List of Figures  

  

 

 Figure 1-1: Arches of the foot    

 

Figure 1-2: Sub-talar and talo-navicular joint surfaces    
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Figure 1-3: Representation of the two joint axes of the TTJ:  

  LMJA depicts the longitudinal axis; OMJA depicts the oblique 

 

  Figure 1-4: Joint axes and range of motion of the sub-talar 

joint in both horizontal (A.) and sagittal (B.) planes  

  

  

  

  

axis   
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Figure 1-6: Function of the 

 Transverse Tarsal Joint: CC:   

Figure 1-5: Approximate  

 calcaneocuboid  joint;  TN: 

 range of motion in the sub-   

 talonavicular  joint.  During 

talar joint in a coronal  

 eversion the joint axes are   

plane parallel and “unlocked”; during  

  

inversion the joint axes are crossed and 

therefore “locked”.  
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Figure 1-7: Mitred Hinge model: A). outer rotation of  upper 

stick results in inner rotation of lower stick B).  

outer rotation of upper stick results in inner rotation 
 
of 

lower stick C). tibial ER results in foot supination  

D). tibial IR results in foot pronation  

 

Figure 1-8: Gait cycle and lower limb movement  
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Figure 2-1: Deviations in the sub-talar joint axis  
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forefoot propulsion caused by  Figure 2-3: Forefoot Varus of the right  

Equinus  foot. L: uncompensated position; R:  

  compensated position  

  

  

  

  

  

  

Figure  2 - 2:  Rearfoot Varus (subtalar varus)  

of the right foot. L: uncompensated position; 

R: compensated position   

Figure 2 - 4:  Medial view of  

right  foot  Equinus.  Top:  

normal foot; Middle: normal  

foot with normal during gait  

seen with tibial progression at  

10  degree heel lift during  

propulsion;  Bottom:  

Compensated,  delayed  
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Figure 5-1: Examination of motion in the sub-talar joint  
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Figure 5-2: Examination of motion in the transverse tarsal joint  
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Appendix 2: List of Tables  

  

Table 4-1: Summary of study characteristics according to Neal et al., (2014).  

LL = lower limb; NR = not reported; FPI = foot posture index. For citations: see  

Bibliography. (3)  

 

Citation  Population  Observation  Injury  Injured     Uninjured    Foot  Posture  

period outco group group Measure (activity, me Age Age  

 duration)  N total (n  (mean ±  N total (n  (mean  

 females)  SD)   females)  ± SD)  

Bennet et 

 al.,  

2001  

Cross 

country 

runners  

8 weeks  MTSS  15 (13)  15.3  
(±1.0)  

21 (8)  15.7  
(±1.5)  

Resting calcaneal 

position (degrees)  

Yates Naval 10 weeks MTSS 40 (18) NR 84 (22) NR FPI-8 and recruits basic training  

White,  

2004  

Burne et  

al., 2004  

Military cadets  12 months  MTSS  23 (11)  NR  135 (25)  NR  Resting calcaneal 

position (degrees)  

Willems  Physical  12 months  MTSS  46 (29)  NR  354 (130)  NR  Resting calcaneal  

et  al.,  education  position (degrees)  

2006  students  

Reinking 
, 2006  

Female 

collegiate 

athletes  

One 

 athl

etic season  

MTSS  20 (20)  NR  56 (56)  NR  Navicular drop  

Reinking Collegiate One athletic MTSS 60 (31) NR 28 (13) NR Navicular drop et al., athletes season  

2007  

Plisky et 

al., 2007  
High school 

runners  
13 weeks  MTSS  16 (11)  NR  88 (29)  NR   Navicular drop  

Hubbar Collegiate  One  athletic  MTSS  29 (9)  19 (±0.98)  117 (72)  19.9  Navicular drop   

d et al.,  athletes  season  (±1.8)  

2009  
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Bennett et 

 al.

,  

2012  

Cross 

country 

runners  

Cross country 

season  
MTSS  26 (13)  NR  NR  33 (15)  Navicular drop  

Yagi  et  High school  3 years  MTSS  102 (44)  NR  142 (54)  NR  Navicular drop  

al., 2013  runners  

Hetreson 

i et al.,  
2006  

Infantry 

recruits  
14  weeks  

basic training  

Patello 

femora 
l pain  

61 (NR)  NR  344 (NR)  NR  Resting calcaneal 

position (degrees)  

Thijs et  Recreational  10 weeks  Patello 17 (16)  39.4  85 (73)  37.6  FPI-6  

al., 2008  runners  femora (±10.3)  (±9.4)  

l pain  

Boling et 

al., 2009  
Naval  
recruits  

1-2.5 years  Patello 

femora 

l pain  

40 (16)  NR  1279 (489)  NR  Navicular drop  

Beynnon  Collegiate  One  college  Foot/an 20 (13)  NR  98 (55)  NR  Longitudinal arch  

et  al.,  athletes  season  kle  angle  

2001  injury  

Cain  et  

al., 2007  

Male Futsal 

players  
Futsal season  Foot/an 

kle 

injury  

33 (0)  NR  43 (0)  NR  FPI-6  

Winfield et 

 a

l.,  

1997  

Female 

marines  
10  weeks  

basic training  

Bone  
stress 

reactio 

12 (12)  NR  89 (89)  NR  Subtalar  joint  

ROM  

(Goniometry)  

n  

Kaufma 
n et al.,  

1999  

Male  Navy  

Seal 

candidates  

2 years  LL 

overus 

e injury  

149 (0)  NR  300 (0)  NR  Longitudinal arch 

angle  

Burns et  Triathletes  10 weeks  LL  37 (NR)  NR  91 (NR)  NR  FPI-8  

al., 2005  overus 

 
e injury  
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Rauh et  
al., 2010  

Female 

marines  
13 weeks  LL 

overus 
e injury  

104  
(110)  

NR  644 (634)  NR  Longitudinal arch 

angle  

Buist et Novice 13 weeks LL 100 NR 476 NR Navicular drop al., 2010 runners overus 

e injury  

Nielsen et 

 al.,  

2014  

Novice 

runners  
12 months  LL 

overus 
e 

injury  

252  
(NR)  

NR  478 (NR)  NR  478 (NR)  

  

  

  

  

  

  

  

  

  

  

  

  


