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ABSTRACT 

Fibularis tertius (FT) is a muscle of medical and academic interest, characterised by its great 

variability. Despite its importance, there are no publications related to its anatomical features in 

Scottish people. The current work aims to investigate the morphological characteristics of FT in 

the aforementioned population. Forty-four Thiel-embalmed cadavers (19 females, 25 males; age 

at death: 81.8 ± 11.2 years) of Scottish origin were dissected. For each cadaver, its presence or 

absence was determined and if present, its origin, insertion and morphometric measurements 

were assessed. 

This muscle was found to be absent in 6.8% of the lower limbs, with no difference between sexes. 

In 80% of cases, the absence was unilateral. Regarding the origin, in 95.1% of the cases there was 

no clear separation between the muscle bellies of FT and the extensor digitorum longus. In 88.6% 

of the lower limbs the origin was in the distal third of the fibula, while in 11.4% of the cases the 

insertion extended to the lower half of this bone. The length and width of the origin averaged 

72.8mm and 23.3mm respectively, with no differences between sexes or sides of the body. 

Tendon length and width averaged 70.4mm and 3.2mm respectively, with no differences 

between sexes or sides of the body.  

The insertion of the tendon showed substantial inter- and intra-individual variations, in both type 

and morphological variants. Contrary to what is mentioned in currently used anatomy textbooks, 

in 67% of the cases some kind of insertion was found at the level of the 4th metatarsal bone, in 

addition to the insertion at the 5th metatarsal bone usually described. Almost half of the cadavers 

(48.7%) had different insertion sites when comparing the two sides of the body. The fan-shaped 

insertion variant was observed in the majority of cases (83%).  

In the present study, the significant variability of the anatomical characteristics of FT, outlined in 

the scientific literature, was confirmed for the Scottish population. In addition, several variations 

were identified that are not mentioned in current anatomy textbooks, something that should be 

taken into account in anatomy and surgical training courses. Further studies of Scottish and other 

populations are required. 
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1. INTRODUCTION 

The fibularis tertius muscle (FT), also referred to as peroneus tertius or anterior fibularis, is a 

comparatively small muscle localised in the anterior compartment of the leg, which functions as 

a dorsiflexor and eversor of the foot (Mehta et al., 2011). It is thought to be relevant to the 

mechanics of this anatomical region during bipedal gait in humans, although its true importance 

in this respect has not yet been fully understood (Yammine and Erić, 2017).  

In addition to its classic textbook description, several studies report relevant morphological 

variability, with size ranging from being as voluminous as the extensor digitorum longus (EDL) to 

its complete absence (Lambert, 2016). Such variability includes, apart from its possible absence, 

at least three types of origin, presence of an accessory FT, additional slips with origin in EDL, and 

at least six different distal insertion patterns (Olewnik, 2019; Ughame and Kardile, 2018). 

Despite being a muscle that have been considered by some authors to be of little or no functional 

importance (Stevens et al., 1993), it is of academic, clinical and surgical interest. Its variations 

have been related to diagnoses of chronic ankle pain, as well as with different types of fractures 

of the 5th metatarsal bone (MB) (Ercikti et al., 2016). Additionally, the FT tendon (FTT) has been 

extensively used, among others, in tendinoplasty and resection of the foot (Yammine and Erić, 

2017). An understanding of its variations is therefore necessary when planning surgical 

interventions in the area. 

Anatomical dissection studies have been conducted to determine FT characteristics and 

morphological variations in various populations, including samples from Europe, Asia, Africa, and 

South America (Olewnik, 2019). However, to the author’s knowledge no such studies have been 

conducted in the Scottish population. In addition, no work reviewed has used Thiel embalmed 

cadavers, a process that allows excellent flexibility and tissue quality compared to the classical 

techniques (which generally involve the use of 10% formaldehyde) (Jaung et al., 2011). Despite 

its many advantages, the tendons of Thiel-embalmed cadavers present a partial denaturation 

caused mainly by the boric acid, and therefore do not provide a realistic representation of the 

biomechanical characteristics of the fresh body (Fessel et al., 2011). For this reason, 

biomechanical analysis of FTT were not included in the present work. 

This experimental, descriptive and cross-sectional research study aims to determine the 

prevalence, morphological characteristics and variations of FT in a Scottish sample of Thiel 

embalmed adult cadavers of both sexes, donated to the Centre for Anatomy and Human 
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Identification (CAHID), University of Dundee, Scotland. The information obtained is not only of 

academic and medical interest, given the aforementioned clinical and surgical applications of this 

muscle; it also represents a novel contribution by allowing comparison of the characteristics of 

FT within and between subjects for this specific population, as well as allowing comparison with 

similar studies carried out on samples from other countries. 
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2. BACKGROUND 

The region of the leg is divided into anterior, lateral and posterior fascial compartments, bounded 

by an anterior and posterior intermuscular septum, the interosseous membrane, and the bones 

of the leg (tibia and fibula) (Rouvière and Delmas, 2005). The anterior compartment (also called 

dorsiflexor or extensor compartment) is situated anterior to the interosseous membrane; it 

contains four muscles, which from medial to lateral are: tibialis anterior, extensor hallucis longus, 

EDL and FT. All four muscles are dorsiflexors of the ankle joint, meaning that their contraction 

raises the forefoot while lowering the heel (Moore et al., 2018).  

The FT, called the "ninth muscle" or "nonus pedem moventium" by the author considered the 

father of modern anatomy, Andreas Vesalius (Brussels, 1514 – Greece, 1564), acquired its current 

name from the physician and anatomist Bernhard Siegfried Albinus (Germany, 1697 – Leyden, 

1770), who assigned it to the peroneus group (Wood Jones, 1943).  

 

2.1. Anatomical characteristics  

FT is a semi-pennate, small and very thin muscle, which occupies the lower and outer part of the 

anterior compartment of the leg, being the most superficial muscle of it (Yammine and Erić, 

2017). Its origin is described on the anterior aspect of the lower half or third of the fibula, at the 

interosseous membrane and in the anterior intermuscular crural septum (Moore et al., 2018; Das 

et al, 2009). The latter, topographically separates FT from the muscles of the external 

compartment (fibularis longus and fibularis brevis); although according to Krammer et al. (1979) 

from a functional point of view it would imply a connection rather than a separation, thus acting 

as an intermuscular aponeurosis. From this insertion, its fibres run distally and anteriorly, ending 

with its muscle belly proximal to the inferior extensor retinaculum (Sammarco and Henning, 

2007). Its tendon, running obliquely and laterally to the more lateral tendon of EDL, inserts 

distally into the dorsal tubercle and shaft edge of the 5th MB and, frequently, into the fascia 

covering the 4th interosseous space (Ercikti et al., 2016; Eliot and Jungers, 2000; Testut and 

Latarjet, 1984). This insertion presents morphology that has been described as a "hockey stick 

appearance" (Mabit et al., 1996).  

In contrast to the other peroneal muscles (innervated by the superficial fibular nerve), FT 

innervation is provided by a small branch of the deep fibular nerve (L4, L5), which branches next 

to the origin of EDL, runs parallel between this muscle and extensor hallucis longus, and then 
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pierces the FT. It is supplied by one or two perforating branches of the anterior tibial artery, 

which also supplies the other muscles of the anterior compartment (Iyer, 2020; Moore et al., 

2018; Rourke et al., 2007). At the level of the foot it also receives another supply from the arcuate 

artery and the 4th dorsal metatarsal artery (Spinner et al., 2020).  

The muscle belly of FT is located immediately adjacent to the EDL, with which it has an intimate 

connection at its most proximal origin. The two are usually joined completely (Lauth, 1798) so 

that, on occasions, it is not possible to determine with certainty the separation between the two 

(Marin et al., 2006). In fact, not only their muscle bellies but also their tendons are difficult to 

separate (Bertelli and Khoury, 1991). Intercrossing fibers may be present at the proximal 

insertion level, particularly with the fascicles that will give rise to the tendons for the 4th and 5th 

toes (de Gusmão et al., 2013; Krammer et al., 1979). The tendons of both muscles fused or linked 

by intertendinous connections (Koshi, 2017; Stevens et al., 1993), with the FT tendon being the 

widest and most laterally located (Krammer et al., 1979).  

This led some classical authors to consider FT as a division of EDL, regarding the former as the 

"fifth tendon" of the latter (Spinner et al., 2020) or an "appendage" to it, without a defined 

anatomical identity (Testut and Latarjet, 1959). Consistent with this, the tendons of these two 

muscles share a common synovial sheath, which extends from the lower part of the superior 

extensor retinaculum to the middle of the dorsum of the foot. Therefore, both tendons run 

together underneath the superior and inferior extensor retinacula (Stevens et al., 1993). The 

latter forms a loop around both tendons completely encircling them (Koshi, 2017).  

Given this characteristic, it was not until the 19th century that renowned anatomists such as Jakob 

Henle (Fürth, 1809 - Göttingen, 1885) and Josef Hyrtl (Austria, 1810 – Austria, 1894) revalidated 

Vesalius' description of FT as an entity separate from the others (Yammine and Erić, 2017). 

Vesalius, in his classic book De corporis humani fabrica (1555) describes it as "nonus proprius per 

se musculus", indicating its existence as independent of that of the EDL (Krammer et al., 1979). 

In support of this, FT syntopy analysis has shown that its fibres have a completely different 

orientation from the fibers of EDL, each diverging towards its own tendon and forming an acute 

angle between the respective clusters of muscle fibres (de Gusmão et al., 2013). Furthermore, as 

found by Marin et al. (2006), in most cases there would be an obvious anatomical separation 

between the two. In the same way, Jadhav et al. (2015) found a completely formed independent 

belly of FT, clearly distinguishable from EDL, in 80.45% (70 out of 87) of the legs analysed. Thus, 

FT would not be part of the EDL muscle, but the "missing" part of the extensor digitorum brevis 
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muscle at the 5th toe, which in the course of evolution migrated proximally at its origin (Witvrouw 

et al., 2006), or it could be the representative of the extensor digiti minimi muscle, whose 

insertion moved to the base of the 5th MB (Nayak, 2017).  

 

2.2. Comparative anatomy  

FT has been considered exclusive to humans due to the particular form of bipedal locomotion of 

our species, and according to some authors it would not be found in other mammals. Because of 

this, their presence has been considered an evolutionary feature that separates humans from 

other “less evolved” animals (Morton, 1924; Keith, 1923).  

Notwithstanding this, there have been infrequent reports of its existence in some non-human 

primate species.  Kimura and Takahashi (1985), studying crab-eating monkeys (Macaca 

fascicularis) found this muscle in 5 lower limbs of male specimens, in a total of 174 legs (2.9%). A 

research study on orangutans reported a prevalence of 6.6% (1 in 15 individuals) (Loth, 1931). 

Hecker (1922) also mentions finding this muscle in a chimpanzee, while Wells (1935) verified its 

existence in the right leg of a specimen of Chacma baboon (Papio porcarius). It is worth 

mentioning that, particularly in the latter two studies, the small sample sizes dictate the need for 

caution when drawing conclusions. 

In addition, it has been suggested that its prevalence reaches up to 30% in gorillas, which would 

represent a parallelism determined by the similarity in the functionality of the foot between this 

species and humans (Yammine and Erić, 2017). In a review, Straus (1930) found that FT was 

present in 6 out of 18 (33.3%) specimens of Highland Gorilla (Gorilla beringei). Morton (1924) 

also reports finding FT in two gorilla specimens analysed.  

This is the only primate species (apart from Homo sapiens) with almost exclusively terrestrial 

locomotion, compared to the arboreal locomotion present in its ancestors (Yammine and Erić, 

2017).  Although the posture of such animals is not fully erect, their feet are plantigrade, 

supporting a greater proportion of their body weight compared to other quadrupeds (Morton, 

1924). The different prevalence of this muscle between gorillas and humans could be explained 

by the fact that, in evolutionary terms, the latter have had a much longer terrestrial existence 

(Johnson, 1973). Apart from this, there are no reported examples of the presence of FT in other 

mammalian species, including lesser apes such as Rhesus monkeys and Strepsirrhini (Stevens et 
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al., 1993; Kaneff, 1980; Okuda, 1953). In these animals, there is no muscle to counteract the 

movement of inversion when the foot is dorsiflexed (Boyer, 1935).  

 

2.3. Functional aspects  

The human foot is a complex anatomical structure, modified to enable orthograde bipedal 

posture and locomotion (Spinner et al., 2020). Being an integral part of this structure, FT has a 

weak function as a dorsiflexor of the ankle joint (Iyer, 2020). Despite its small size, the fact that 

it passes some distance in front of the axis of this joint gives it a good mechanical advantage for 

this movement (Raheja et al., 2005). At the same time, its insertion at the lateral edge of the foot 

allows it to evert it, at the level of the subtalar and transverse tarsal joints (Snell, 2012). Its 

insertion in the 5th MB, in conjunction with its expansion at that level, allows it a much more 

stable anchorage, and consequently a more powerful pronation effect (Reimann, 1981). This 

action implies that FT, together with the rest of the peroneal muscles, is involved in complex 

actions such as skating and dancing (Raheja et al., 2005), also fulfilling a protective function 

against supination trauma (Valerius et al., 2011).  

Additionally, it has been suggested that it acts primarily as a sling that supports the medial 

longitudinal arch of the foot (the highest and most important of the three arches of the foot) as 

well as stabilising the lateral longitudinal arch (Chatyingmongkol et al., 2004), functioning in a 

similar way to an overhead support of a segmental arched bridge (Jana and Roy, 2011). The 

appearance of FT would thus be a phylogenetic change that would ensure the stability of the 

plantar arch (Jana and Roy, 2011). It has also been suggested that it acts by maintaining the sole 

in a transversely parallel plane to the ground (Stevens et al., 1993); as well as transferring the 

centre of pressure of the foot medially in the direction of the first metatarsal head and the first 

toe (hallux), which would help to maintain balance during the stance phase of gait (Hicks, 1956).  

This is however contradicted by Jungers et al. (1993) who, using telemetered electromyography 

to study leg muscle activity during gait in humans, verified a lack of FT activity during the support-

phase. In this study, the sample consisted of only three adult males; despite the small sample 

size, there was a very close similarity in muscle recruitment patterns in these three individuals, 

and that leads the authors to suggest that it was adequate for the purposes of the study.  

They concluded that FT acts in conjunction with EDL and tibialis anterior as a swing-phase muscle 

to level the foot prior to the next touchdown, and assist the toes to lift off the ground, thus 
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improving the efficiency and economy of standing gait. Additionally, they propose that the 

eversion force caused by FT would help to counteract the effect of inversion generated by the 

tibialis anterior muscle, allowing dorsiflexion of the foot without this concomitant movement. 

This action may be necessary to allow a maximal weight-bearing area, as well as adaptation of 

the sole (particularly at the level of the forefoot) to uneven surfaces during walking and standing 

(Krammer et al., 1979).  

In this sense, it has been determined that when FT is absent, greater activation of the peroneus 

longus and peroneus brevis muscles is necessary to evert the foot. Considering that both muscles 

are plantar flexors, their activation at the moment of gait when dorsiflexion is necessary 

determines a lower energy efficiency (Eliot and Jungers, 2000).  

Under these circumstances, FT would have an important role in the plantigrade use of the foot 

during walking or running (Olewnik, 2019). This fact is supported by its high prevalence, its wide 

insertion at the lateral border of the mid-foot, and the presence of similar substitute muscles 

when absent. Moreover, the consistency between different ethnicities leads to the hypothesis 

that FT is not in an ongoing process of phylogenetic degeneration (as has been suggested for the 

palmaris longus), but may imply a function that the muscle must necessarily perform (Yammine 

and Erić, 2017).  

Some authors claim that its action as a foot evertor would represent a mechanism to avoid 

excessive inversion injuries (Salem et al., 2018). In this respect, it has been suggested that it could 

have a particular proprioceptive role, contracting reflexively in response to a sudden inversion of 

the foot, protecting it from the sprain of the anterior tibiofibular ligament (the most commonly 

sprained ligament of the body) (Moore et al., 2018). Other authors suggest that the function of 

FT is not so much related to the application of force in dorsiflexion and eversion, but in the fine 

tuning of the foot position during the swing phase of walking (Witvrouw et al., 2006). 

From an evolutionary point of view, this muscle would have been primitively restricted to the 

dorsum of the foot as an integral part of the extensor digitorum brevis. The functional demands 

of standing and plantigrade foot gait would have determined the migration of its belly towards 

the proximal anterior region of the leg, transforming it into an extrinsic foot muscle (Joshi et al., 

2006). Additionally, FT could have played an essential role during the phylogenic development of 

bipedal posture in humans, being the eversion of the foot characteristic of the movement in our 

species (Krammer et al., 1979). This would be in agreement with that reported by Joshi et al. 

(2006), who verified in subjects of Indian origin that the FT insertion tendon was very thick in 
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12.18% (24 out of 197) of the lower limbs studied, even as thick or thicker than the EDL tendon. 

According to these authors, this would indicate an important component of eversion during 

normal human foot function. This is also supported by the study of Chatyingmongkol et al. (2004) 

who, working with a sample of 236 legs of subjects from Thailand, report a large proportion of 

FT width in comparison to the common fibres of EDL at the level of the ankle joint (mean ratio: 

34.77% right; 39.55% left), which would indicate the functional significance of the former.  

On the contrary, other authors do not consider FT a functionally important muscle, suggesting 

that the integrated actions of peroneus longus, peroneus brevis and EDL could supplant its action 

on the foot (Stevens et al., 1993). Some researchers have found that the absence of FT is not 

accompanied by a statistically significant increase in the risk of ankle ligament injuries, nor is it 

accompanied by a loss of strength in dorsiflexion and eversion of the foot (Oyedun et al., 2014; 

Bourdon and Petitdant, 2012; Witvrouw et al., 2006).  

Regarding the former, in a study involving a sample of 100 male and female physical education 

students, a slight, non-significant increase in the relative risk of this type of injury was observed 

among subjects without FT (ascertained by palpation) compared to subjects with its presence 

(relative risk 1.47 vs. 0.93, respectively). The lack of significant difference could be explained by 

the presence of other numerous intrinsic risk factors, which combined with the absence of FT 

would lead to an increased risk of ankle injury. In relation to the latter, this could be related to 

the relatively small size of FT which would determine its inability to generate high levels of force. 

Additionally, the fact that the absence of FT is congenital, could imply that compensatory 

hypertrophy of other muscles with actions on the foot (peroneus longus, peroneus brevis and 

tibialis anterior) would be sufficient to counterbalance this absence (Witvrouw et al., 2006).  

These statements should however be taken with caution, since FTTs not identified during 

palpation could have led to inaccurate conclusions. What is more, an almost constant presence 

of accessory peroneal muscles has been described that would substitute the function of FT when 

it is not present (Yammine and Erić, 2017).  

 

2.4. Clinical and surgical aspects  

Despite the debate on the role of FT, it has clinical and surgical importance, so preoperative 

assessment of this muscle is imperative before undertaking any surgical procedure (Mehta et al., 

2011). It can be used in myocutaneous flaps to repair injuries in the lower third of the leg and 
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dorsum of the foot, without impairing motor function and with little aesthetic impairment. This 

muscle is one of the few options available to generate these kind of flaps (Verma and Seema, 

2015). Its high prevalence, the length and width of its muscle belly and its easy access through a 

longitudinal incision on the anterior-lateral side of the leg, make it suitable for this procedure. In 

addition, the fact that its fibres become flatter as they approach their insertion also favours this 

technique, as it allows the use of greater muscle thickness in the reconstructive treatment of 

complex lower limb wounds (de Gusmão et al., 2013; Verma and Seema, 2015).  

By supplementing a dead space with vascularised muscle such as FT, it is possible to improve the 

delivery of oxygen, nutrients and immune system components necessary for tissue recovery 

(Yildiz and Yalcin, 2012). Other muscles have been reported to be used for such a surgical 

procedure, including soleus, gastrocnemius, tibialis anterior and EDL; however, the use of these 

may be detrimental to the motor function of the foot, as well as the patient's quality of life (de 

Gusmão et al., 2013).  

Split anterior tibialis tendon transfer (SPLATT) to FT has also been used to treat equinovarus foot 

deformity in children with cerebral palsy, proving to be a safe surgical alternative with good 

functional results (Sarıkaya et al., 2020). Other authors have reported the use of FT in 

ligamentoplasty procedures to treat cases of lateral ankle laxity (Mehta et al., 2011). Its use as a 

local muscle flap in the treatment of lower limb osteomyelitis, as well as to treat claw foot 

deformity by modifying the distal insertion of this muscle, has also been described (Arnold et al., 

1999; Brody and Grumbine, 1984).   

FT also constitutes a landmark for the anterolateral portal during ankle arthroscopies, being used 

for the placement of the inflow cannula to avoid inadvertent neuromuscular injuries (Yammine 

and Erić, 2017; Mehta et al., 2011). Additionally, it has also been observed that FT has a similar 

sensitivity and a higher specificity than the abductor hallucis in the needle electromyography for 

the diagnosis of mild length-dependent peripheral neuropathy, in particular when the proximal 

muscle is not yet involved (Boon and Harper, 2009).  

The FTT, given its biomechanical characteristics (stronger than the medial and lateral ankle 

ligament) has been used as graft material (tendinous autografts and allografts) for ankle ligament 

reconstruction (Zwirner et al., 2021). The use of FTT graft to reconstruct a ruptured tendon of 

the tibialis anterior muscle has been reported (Gaulrapp and Heimkes, 1997); following such 

intervention, the authors claim to have found no additional loss of function related to it. The FTT 

has also been used in transplantation surgeries; the transfer of the tibialis posterior muscle 
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tendon to the anterior compartment of the leg, anastomosing it to the tendons of the muscles 

present in this compartment (including the FTT) has been used in cases of persistent foot drop 

(Ozkan et al., 2009; Ozkan et al., 2007).  

On the other hand, its variations beyond normal can lead to more evertor activities as well as be 

responsible for deformities and foot-related symptoms (Abhinitha et al., 2014). Its insertion has 

been considered a contributing factor to stress, Jones and avulsion fractures of the 5th MB, being 

detrimental in the recovery phase of these injuries, due to the causation of torsional stresses 

exerted on the base of this bone (Vertullo et al., 2004). The risk of avulsion fractures may be 

increased in cases where some fascicles of the FTT insert into the tuberosity of the 5th MB, 

creating an intertendinous connection between them and the tendon of fibularis brevis (Ercikti 

et al., 2016).  Considering this, individuals with an absence of FT may be less vulnerable to this 

type of fracture (Das et al., 2009).  On the other hand, the risk would increase in cases where this 

muscle is "bulky and large" (Abhinitha et al., 2014).  

Other authors have determined that the impingement of FT may provoke a painful condition and 

a typical synovial cyst (Litt et al., 1989). Its hypertrophy and tendon sliding over the anterolateral 

talar dome have been further described as causes of atraumatic anterolateral ankle pain and 

snapping in a young adult male; in this case, myoplasty of the FT resulted in complete relief of 

symptoms (Sammarco and Henning, 2007).  

In the same way, the FTT has been implicated as a rare cause of anterolateral ankle or rearfoot 

pain. Derrick et al. (2016) describe a case of ankle pain, burning sensation, and swelling in an 

adult female associated with longitudinal split tear of FTT. McGoldrick et al. (2017) describe a 

case of a paediatric patient with lateral ankle pain due to isolated tear of FTT. Taşer et al. (2009) 

argue that a possible cause of longitudinal tear in the tendon of the peroneus brevis muscle could 

be an abnormal FT, since its atypical origin and insertion points and muscle size might change the 

mechanism of ankle movement. This lesion may be a cause of chronic ankle pain and disability, 

so the authors state that this peculiarity should be considered in the clinical diagnosis of ankle 

pain.  

In adding to this, Iceman et al. (2020) describe what they call Peroneus Tertius Syndrome, 

characterised by symptomatic FTT causing catching or locking on the anterolateral ankle or 

rearfoot with associated pain. The authors suggest that this syndrome should be taken into 

consideration as part of the differential diagnosis during the evaluation of anterolateral ankle or 

rearfoot pain.  
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2.5. Morphological variations  

FT is characterised by frequent morphological variations, a feature it shares with the rest of the 

peroneal muscles (fibularis longus, fibularis brevis, fibularis quartus and fibularis digiti quinti, the 

latter two considered accessory muscles) (Olewnik, 2019). This may indicate that it has not yet 

reached its final evolutionary stage (Verma and Seema, 2015). According to Johnson (1973), in 

evolutionary terms the process of adaptation is a process of experimentation, and this also 

applies to terrestrial bipedalism. As a result, a significant amount of variation is expected to occur 

in FT, since its recent evolutionary history determines its involvement in a considerable degree 

of morphological experimentation.  

In addition to its variability, FT is considered an inconstant muscle, with its absence usually being 

asymptomatic and verified as a chance finding in imaging studies or autopsies. (Iyer, 2010). Unlike 

other muscles with this feature, such as pyramidalis or palmaris longus, FT has a bony origin and 

insertion and a consistent muscle belly, characteristics that indicate a muscle with a defined 

function. Furthermore, its strong tendon insertion would not resemble the gracile tendons found 

in other inconstant muscles (Marin et al., 2006).  

There is no consensus on the prevalence of FT among different populations. A very wide range is 

reported, from a minimum of 38.5% (Palomo-López et al., 2019) to studies reporting a presence 

of 100% (Nayak, 2017; Verma and Seema, 2015; Larico and Jordán, 2005), varying according to 

the population studied (Table 1). Macalister (1875) mentions that this muscle may be absent in 

approximately 1 in 10 subjects. In an 1894 report, Schwalbe and Pfitzner mentioned having 

examined 537 legs, finding its presence in 91.8% of the individuals analysed; this percentage was 

later reproduced in generations of classic anatomy textbooks (Krammer et al., 1979). According 

to Testut and Latarjet (1984) it would be present in 86 cases out of 100 in populations of African 

descent, and 92 to 93 out of 100 in most European populations. The latter coincides with Adachi 

(1909) who reports the presence of FT in 719 out of 777 lower limbs (92.5%) in European 

populations. On the other hand, Karauda et al. (2021), Albay and Candan (2017), Domagała et al. 

(2006), and Sokołowska-Pituchowa et al. (1979) found a prevalence of 50%, 80%, 83.16% and 

78.6%, in a sample of 100, 100, 193 and 42 human foetuses, respectively.  

Other authors report a higher prevalence. Wood Jones (1943) argues that this muscle may be 

absent in 1% of cases, while Ercikti et al. (2016) found its absence in only one cadaver, bilaterally, 

out of a total of 44 lower extremities analysed. Overall, the highest frequencies were found in 

studies conducted in Japanese and South American populations (95.5% and 97.4% respectively), 
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while the lowest frequencies were reported in studies of African, Indian and Chinese 

communities (90.2%, 90.8% and 89.3% respectively) (Yammine and Erić, 2017).  

The low frequency of FT absence reported by most authors has led to the proposition that it 

should be considered the exception rather than the rule. Some authors (Marin et al., 2006; 

Krammer et al., 1979) suggest that it is more appropriate to consider it a constant muscle, with 

its missing being a variation. However, its potential absence in some subjects determines the 

need to assess for its existence prior to performing any surgery on the foot (Das et al., 2009).  

There is also no consensus on the description of the origin and insertion of FT. A summary of 

some of these studies can be found in Table 1. The differences observed among populations 

could be determined by a genetic basis; which would also explain the slightly greater tendency 

for it to be present in males compared to females (Yammine and Erić, 2017).  

Notwithstanding this, the review of the scientific literature leads to the suggestion that the 

prevalence of FT is not systematically higher in one sex compared to the other: while some 

authors observed equal or very similar values between sexes (Witvrouw et al., 2006) (81.4% 

female, 81.6% male), other studies found higher prevalence in either females (Palomo-López et 

al., 2019) (38.6% vs. 37.2%) or males (Olumide et al., 2013; Ramirez et al., 2010) (66.0% vs. 54.9%; 

56.6% vs. 44.0%, respectively). In this regard, Salem et al. (2018) found a higher prevalence in 

females in the Bahraini, Kuwaiti and Tunisian populations (52.1% vs. 30.2%; 31.6% vs. 22.3%; 

54.7% vs. 47.2%, respectively), while on the contrary they found a higher prevalence in males in 

the Saudi and Egyptian populations (39.9% vs. 28.9%; 51.79% vs. 39.13%, respectively). 
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Table 1. Prevalence, origin and insertion of FT in different populations 

Author/s Population 
Lower 

limbs 

Type of 

Study 

Prevalence 

(%) 
Origin (% of presence) Insertion (% of presence) 

Adachi (1909) Japanese 938 
Cadaver 

dissection 
95.5 - - 

Afroze et al. (2020) Indian 66 
Cadaver 

dissection 
100 

97% distal 1/3 of 

fibula; 1.5% accessory 

FT; 1.5% duplication 

of FT 

86,4% type II; 1.5% type IV; 1.5% 

type V; 10.6% type VI. 

Bertelli and Khoury 

(1991) 
French 44 

Cadaver 

dissection 
90.9 

14cm from the lateral 

malleolus 

80% proximal 3rd of 5th MB; 10% 

distal 3rd of 5th MB; 10% on the 

tendon of the extensor digitorum 

longus 

Chatyingmongkol et 

al. (2004) 
Thai 247 

Cadaver 

dissection 
95.55 - - 

de Gusmão et al. 

(2013) 
Brazilian 64 

Cadaver 

dissection 
96.9 

51.62% distal third of 

fibula; 45.16% distal 

and medial thirds of 

fibula; 3.22% Distal, 

medial and proximal 

thirds of fibula 

77.4% 5th MB; 22.6% 5th MB and 

base and proximal third of 4th MB 

Jadhav et al. (2015) Indian 
100 

(100M) 

Cadaver 

dissection 
87 - 

44.82% only dorsum of VMB; 

26.41% medial and lateral slip to 

4th and 5th MBs; 22.98% only 

dorsum of 4th MB; 5.79% others 

Joshi et al. (2006) Indian 220 
Cadaver 

dissection 
89.55 

18.3% lower ¾ of 

fibula; 30.5% lower ½ 

of fibula; 51.2% distal 

1/3 of extensor 

surface of fibula 

50.2% Base of 5th MB; 12.2% 

base and shaft of 5th MB; 18.3% 

Base and shaft of 5th MB + fourth 

interosseous space; 19.3% others 
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Table 1. Prevalence, origin and insertion of FT in different populations 

Nakano (1923) Chinese 

84 

(12F; 

72M) 

Cadaver 
dissection 

89.3 - - 

Nayak (2017) 
Eastern 

Indian 
100 Cadaver 

dissection 
100 

100% lower one 

fourth of medial 

surface of shaft of 

fibula 

94% base of 5th MB; 4% dorsum 

of 5th MB; 2% base of 4th MB 

Olewnik (2019) 
Caucasian 

(Polish) 

106 

(55F; 

51M) 

Cadaver 
dissection 

85.8 

67% distal half of 

fibula; 22% distal third 

of fibula; 11% muscle 

belly absent, 

independent tendon 

originated from EDL 

45% type I; 22% type II; 16.5% 

type III; 8.8% type IV; 5.5% type 

V; 2.2% type VI 

Olumide et al. 

(2013) 
Nigerian 

200 

(106F; 

94M) 

Palpation 63.0 - - 

Palomo-López et al. 

(2019) 
Spanish 

962 

(736F; 

226M) 

Palpation 38.25 - - 

Ramirez et al. 

(2010) 
Chileans 

336 

(200F; 

136M) 

Palpation 49.11 - - 

Rourke et al. (2007) British 

82 

(38F; 

44M) 

Cadaver 

dissection 
92.7 

Distal shaft of the 

fibula (mean: 28.4% 

on the fibula) 

100% dorsal surface of the shafts 
of the 4th and 5th MBs 

Salem et al. (2018) Bahraini 

439 

(280F; 

159M) 

Palpation 42.0 - - 

Salem et al. (2018) Saudi 

208 

(109F; 

99M) 

Palpation 38.5 - - 
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Table 1. Prevalence, origin and insertion of FT in different populations 

Salem et al. (2018) Kuwaiti 

153 

(106F; 

47M) 

Palpation 41.2 - - 

Salem et al. (2018) Tunisian 

198 

(127F; 

71M) 

Palpation 67.6 - - 

Salem et al. (2018) Egyptian 

250 

(138F; 

112M) 

Palpation 52.8 - - 

Stevens et al. 

(1993) 

British 

(East 

Anglia) 

40 

(20F; 

20M) 

Cadaver 

dissection 
95.0 

92.1% centered 

around the lower 

middle quarter of the 

fibula 

100% base of 5th MB (97.4% 

single tendon; 2.6% double 

tendon). 

Verma and Seema 

(2015) 
Indian 

60 (4F; 

54M) 

Cadaver 

dissection 
100 

100% distal half of 

anterior border of the 

fibula 

98.34% base of 5th MB; 1.66% 

whole shaft of 5th MB 

Vieira et al. (2018) Brazilian 
32 (6F; 

26M) 

Cadaver 

dissection 
93.75 

46.66% distal third of 

fibula; 46.66% middle 

third of fibula; 6.68 

proximal third of 

fibula 

70% 5th MB; 30% between the 4th 

and 5th MBs 

Witvrouw et al. 

(2006) 

 

Belgian 

200 

(100F; 

100M) 

Palpation 81.5 - - 

Abbreviations: FT = muscle Fibularis Tertius; EDL = muscle Extensor Digitorum Longus; MB = metatarsal bone; 

F = female; M = male  

 

As shown in Table 1, the studies that determined the presence of FT in vivo using palpation 

techniques resulted in lower frequencies than those studies performed using anatomical 

dissection. This is in agreement with that mentioned by Yammine and Erić (2017), who in a meta-

analysis work found an average prevalence of 80% vs 93% respectively. According to these 
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authors, the difference could be due to the difficulty, by palpation, of separating the FTT from 

the lateral slip of EDL, in addition to the thinness verified in some cases in the former. Other 

authors add that the aponeurosis that covers it makes its clinical identification difficult, which 

may lead to underestimation of its prevalence (Palomo-López et al., 2019).  

This does not seem to correspond with what was found in a pilot study carried out by Witvrouw 

et al. (2006), where the authors determined 100% accurancy when comparing a palpation 

technique vs MRI to determine the presence of FT. This could be due to the fact that the sample 

was composed of young athletes with considerable muscle development, which consequently 

facilitated the identification by palpation of the FTT (Ramirez et al., 2010).  
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3. MATERIALS AND METHODS 

This project was conducted in the laboratory of Anatomy of the Centre for Anatomy and Human 

Identification (CAHID) at the University of Dundee, Scotland, and complied with the Human 

Tissue Act Scotland (2006; updated 2019) regulations. Data collection was carried out between 

March and May 2021. All data were uniquely collected by the author of the current study. 

 

3.1. Subjects 

The research involved the dissection and analysis of 44 cadavers (88 lower limbs) (19 females, 25 

males; age at death: 81.8 ± 11.2 years) donated to CAHID, and preserved using the Thiel soft-fix 

embalming method. This procedure, developed by Walter Thiel in 1992, differs from other 

commonly used preservation techniques (such as the use of 10% formalin) in that it retains the 

body's natural colour, texture, plasticity and flexibility, which makes it advantageous for research 

on the morphology of anatomical structures (Ottone et al., 2016).   

All subjects were caucasian adults from the Scottish population. The cause of death in all cases 

was unrelated to the structures of leg and foot, and in no case affected the morphology of FT. All 

limbs were free of any damage, fracture or pathology that could affect the anatomical structures 

analysed.  

 

3.2. Procedures 

The cadavers had previously been used in anatomical dissection classes. Notwithstanding this, in 

most cases the leg and foot region was partially or completely undissected. Using a combination 

of sharp and blunt dissection, the anterior compartment and dorsum of the leg and foot of each 

lower extremity was dissected, and the presence or absence of FT was determined. Where 

present, it was meticulously dissected and cleaned. After this procedure, the following were 

determined for this muscle: a) type of origin; b) insertion type; c) insertion morphology; d) 

morphometric measurements. Additionally, in all cadavers (regardless of the presence or 

absence of FT) the length of the leg (measured as the distance between the uppermost part of 

the head of the fibula and the lowermost part of the external malleolus) and the width of the 

EDL tendon directed to the 5th toe, were estimated. For the latter, the distance from the 

separation of this tendon from the common tendon of EDL and its insertion at the level of the 

distal phalanx of the 5th toe was determined, taking the measurement at the halfway point. In 
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case of absence of FT, the possible presence of an accessory tendon was determined, in which 

case its width was measured halfway between its origin and insertion. 

 

3.2.1 Determination of the type of origin 

To describe the origin of FT, the classification described by Joshi et al. (2006) was used, and the 

origins were divided into the following three types:  

a) Very extensive (lower ¾ of the fibula) 

b) Extensive (lower ½ of the fibula) 

c) Normal (distal third of the fibula) 

 

 3.2.2 Morphometrics measurements 

The length and width of both the FT belly and the FTT were measured as described by Rourke et 

al. (2007) (Figure 1). The length of the belly was determined by considering only the insertion at 

the level of the fibula; the width was measured from the fibula to the tendon, once the middle 

of the muscle belly had been calibrated. In  those cases where the boundary between the muscle 

bellies of FT and EDL muscles was not unambiguously defined, the FTT was identified, and the 

direction and insertion of the muscle fibres was carefully analysed. The most proximal muscle 

fibres heading towards the tendon marked the end of the EDL and the beginning of the FT muscle 

bellies (Figure 2). 

To determine the FTT length, the starting point was taken as the most proximal portion of the 

tendon completely deprived of muscle fibre insertions; the end point was taken as its distal 

insertion. The FTT width was determined halfway of the length of the tendon.  
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 Figure 1: Measurements taken on the muscle belly and tendon of FT. Abbreviations: F = fibula; MT = 

lateral metatarsals; A = length of muscle belly; B = muscle belly width; C = length of tendon devoid of 

muscle fibres; D = width of tendon at its midpoint. Taken from: Rourke et al. (2007). 

 

 
 

Figure 2: Determination of the limits of FT. The most proximal muscle fibres considered to be clearly 

directed towards the fibularis tertius tendon were considered to be the proximal limit of this muscle 

(dashed white arrow). Image of the right lower limb of a female individual. Abbreviations: FTT = fibularis 

tertius muscle tendon; EDLt = extensor digitorum longus muscle tendon. 
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3.2.3. Determination of the insertion type and morphology 

The type of FTT insertion was established according to the classification described by Olewnik 

(2019) (Table 2; Figure 3).  

 

Table 2. Classification of FTT insertion. Description made by Olewnik (2019) 

Insertion 

type 
Defining characteristics 

Type I Single distal attachment. FTT inserts into the shaft of the 5th MB 

Type II Single distal attachment. Very wide insertion of FTT into the base of the 5th MB 

Type III 
Single distal attachment. Very wide insertion of FTT into the base of the 5th MB, the 

base and shaft of the 4th MB, and the fascia covering the 4th interosseous space 

Type IV 
Bifurcated distal attachment. The main tendon inserts into the base of the 5th MB, 

and the accessory band inserts into its shaft 

Type V 
Bifurcated distal attachment. Very wide insertion of the main tendon into the base 

of the 5th MB; the accessory band inserts into the base of the 4th MB 

Type VI Fusion with an additional band of the fibularis brevis tendon 

Abbreviations: FTT = Fibularis Tertius Tendon; MB = metatarsal bone 

 

The insertion morphology was determined, as described by the same author, as: a) band shaped 

(insertion less than twice the width of the tendon above) or b) fan shaped (insertion at least twice 

the width of the tendon above) (Figure 4).  
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Figure 3: Classification of FTT insertion types: a) type I; b) type II; c) type III; d) type IV; e) tipe V; f) type VI. 

Abbreviations: FTM = Fibularis Tertius Muscle; FLT = fibularis longus tendon; FBT= fibularis brevis tendon; 

FTT = fibularis tertius tendon; VMB = 5th metatarsal bone; FDQ = fibularis digiti quant; CB = calcaneal bone; 

IVIOM = fourth interosseous muscle. The white arrowheads show the extent of the tendon. Taken from: 

Olewnik (2019). 

 

 

Figure 4: Variants of insertion of FTT. a) Band-shaped; b) Fan-shaped. Abbreviations: FTT = fibularis tertius 

tendon, VMB = 5th metatarsal bone. Taken from: Olewnik (2019). 

 

3.2.4 Instruments and data collection 

Muscle measurements were performed using a digital electronic caliper (RS PRO Digital Caliper; 

resolution: 0.01mm, accuracy: 0.03mm); values (in mm) were rounded to the 1st decimal place. 

The length of the fibula was determined using an inextensible tape measure (Forge Steel Tape 
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Measure); values (in cm) were rounded to the 1st decimal place. Measurements on 43 of the 44 

bodies were taken in triplicate, on three non-consecutive days. For quantitative data, where two 

values were equal, this was taken for the purposes of this work. In cases where the three values 

were dissimilar, if there was no more than a 20% difference between the most dissimilar values, 

the median was taken as valid data. In cases where the difference was greater than 20%, a fourth 

measurement was carried out on another day, taking the median of the two intermediate data 

as valid for the purposes of this research. For qualitative data (type of origin, type of insertion 

morphology, type of insertion), it was considered valid when at least 2 were equal to each other. 

It was not the case that those data were all different from each other when comparing the 3 

measurements made.  

One of the bodies, due to availability issues, could only be examined during one day. In this case, 

for the quantitative data, each measurement was taken in duplicate, and the average of the two 

values was taken as valid.  

For quantitative variables, the average absolute and relative error was calculated, using the 

formula described by Peterson and Smith (2013). Since only one researcher carried out all 

measurements, it was not possible to estimate inter-observer error. 

 

3.3. Statistical analysis 

All statistical analyses were performed using the free software JASP (University of Amsterdam). 

The Chi2 test with contingency tables was used to evaluate the relationship between presence, 

type of origin and type of insertion of FT and sex. It was also used to determine possible 

differences in the type of insertion according to the side of the body.  

Continuous data were checked for homogeneity of variance, and for normality of distribution 

using the Shapiro - Wilk test. Where these two criteria were met, morphological measurements 

were compared using Student's t-test for independent data. In the opposite case, the non-

parametric Mann-Whitney test was used. If a statistically significant difference between two 

groups was found, in cases where parametric statistics were used the effect size was calculated 

using Cohen's d, with values equal to or less than 0.20 considered as no effect, between 0.21 and 

0.49 as small effect, between 0.50 and 0.79 as moderate effect and equal to or greater than 0.80 

as large effect (Caycho et al., 2016). In cases where non-parametric statistics were used, the 

effect size was determined using Rank Biserial Correlation. In accordance with Goss-Sampson 
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(2019), the interpretation was carried out in a similar way to Pearson's r correlation statistic, and 

consequently values from rrb = 0.10 to rrb = 0.30 were established as weak effect size; rrb = 0.40 

to rrb = 0.60 as moderate effect size; and rrb = 0.70 to rrb = 1 as large effect size (Dancey and Reidy, 

2006).  

In all cases, a p-value lower than 0.05 was considered significant. Quantitative variables are 

presented as mean ± SD.  
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4. RESULTS 

 
 4.1. FT prevalence 

Of the 44 bodies studied, the absence of FT (in at least one of both lower limbs) was determined 

in 5 bodies (11.4%) (Figure 5). Of these, in 4 male cadavers the absence was verified unilaterally, 

two times for the left leg and two times for the right leg. In one female cadaver the absence was 

verified bilaterally. Considering the total number of lower limbs analysed, the FT was absent from 

6.8% of cases. There were no significant differences in the presence or absence of FT when 

comparing lower limbs of female vs. male cadavers (p = 0.614) (Table 3). 

 

 

 Figure 5: Absence of FT. Image of the left lower limb of a female cadaver. In this individual the absence 

was verified bilaterally. Abbreviations: EDL = Extensor Digitorum Longus muscle. 
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 Table 3. Presence of FT according to sex 

Presence of FT 
Sex  

Male Female Total 

Yes 46 36 82 

No 4 2 6 

Total 50 38 88 

p-value 0.614  

Abbreviations: FT = fibularis tertius. Test Applied: contingency tables with the Chi2 test  

 

In 75% (3 in 4) of the cadavers in whom the unilateral absence of FT was verified, the existence 

of an accessory tendon in that side of the body was observed, in all cases with origin in the tendon 

of the EDL to the 5th toe. In one case, this tendon, with a width of 0.8mm, had its distal insertion 

in the head of the 5th MB. In the second case, the tendon was 1.0mm thick, and was directed 

towards the fascia between the 4th and 5th MBs. In the third case, the accessory tendon, with a 

width of 1.4mm, was distally inserted at the base of the 1st phalanx of the 5th toe (Figure 6). In 

the latter, a similar accessory tendon was also verified in the other foot of the cadaver, with 

similar origin and insertion but with a greater thickness (1.8mm).  

 

4.2. FT origin 

In 4 cases (4.9%) a clearly defined separation between FT and EDL muscle bellies was verified 

(Figure 7); in the remaining cadavers the muscle bellies of both muscles did not present an 

evident solution of continuity, so the division between them was determined using the 

procedure explained previously (Figure 2). In 72 lower limbs (88.6%) the origin was determined 

to be of normal type (lower 1/3 of fibula), while in 10 lower limbs (11.4%) the origin was extensive 

(lower 1/2 of fibula). In the latter case, the attachment of the EDL muscle was reduced to upper 

half of the anterior surface of the fibula. There was no evidence of FT with a very extensive origin. 
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Figure 6: Accessory tendon of EDL. In this specimen the fibularis tertius muscle is absent; from the tendon 

of the extensor digitorum longus to 5th toe arises an accessory tendon, directed to the base of the proximal 

phalanx of the same toe, with a band-shaped insertion. Right lower limb of a male individual. 

Abbreviations: AT = accessory tendon; EDLt = tendon of the extensor digitorum longus muscle to 5th toe. 

 

 

Figure 7: Division between EDL and FT muscle bellies. In this specimen a defined separation between the 

muscle bellies of the FT and EDL muscles can be appreciated (dashed yellow line). Left lower limb of a 

female cadaver. Abbreviations: FT = fibularis tertius muscle; EDL = extensor digitorum longus muscle. 
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In four of the cadavers with FT present bilaterally (10.3%), differences were confirmed in the type 

of origin between both lower limbs; on three occasions, the origin of FT was extensive on the 

right and normal on the left, while on one occasion it was extensive on the left and normal on 

the right. In the remaining subjects with bilateral FT, the type of origin was similar between both 

sides. There were no differences in the type of origin of FT in relation to the sex of the cadavers 

analysed (p = 0.855) (Table 4). 

 

Table 4. Type of origin of FT according to sex 

Types of origin 
Sex  

Male Female Total 

Normal 40 32 72 

Extensive 6 4 10 

Very Extensive 0 0 0 

Total 46 36 82 

p-value 0.855  

Abbreviations: FT = fibularis tertius. Test Applied: contingency tables with the Chi2 test 

 

4.3. FTT insertion type 

The FTT insertion was type III in 28 lower limbs (34.1%) (Figure 8); type I in 18 lower limbs (22.0%) 

(Figure 9); type IV in 5 lower limbs (6.1%) (Figure 10); type II in 4 lower limbs (4.9%) (Figure 11); 

in one instance (1.2%) the insertion was type V. No insertions with the description corresponding 

to type VI were identified. It should be noted that, in 44.4% (8 out of 18) of type I insertion, in 

40% (2 out of 5) of type IV insertions and in 75% (3 out of 4) of type II insertions, was also 

observed an extension of some fascicles of the FTT towards the fascia covering the 4th 

intermetatarsal space. 

Finally, in 26 lower extremities (31.7%) it was found that the type of FTT insertion did not have a 

clear correspondence to any of the 6 types described by Olewnik (2019). Of these, on 20 limbs 
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(24.4% of the total sample) it was observed the insertion in the shaft of the 5th MB, shaft of the 

4th MB and fascia in between; on one occasion (1.2%) the insertion was directed to the shaft of 

the 5th MB, and to the base and shaft of the 4th MB; on 3 occasions (3.7%) the insertion was to 

the base and shaft of the 5th MB and to the base of the 4th MB; once (1.2%) the insertion was to 

the shaft of the 4th MB as well as to the fascia separating the 4th and 5th MBs; finally, once (1.2%) 

the tendon was bifurcated, with the main tendon going to the shaft of the 5th MB and the 

accessory tendon to the shaft of the 4th MB.  

 

 

 

Figure 8: Type III FTT insertion. a) Right lower limb of a male cadaver; b) left lower limb of a female 

cadaver; in specimen b, some fibres of the FT and fibularis brevis tendons appear to fuse at the level of 

the base of the 5th MB. Abbreviations: FTT = fibularis tertius muscle tendon; FBt = fibularis brevis muscle 

tendon. 
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Figure 9: Type I FTT insertion. The insertion is fan-shaped, extending into the fascia covering the 4th 

intermetatarsal space. In this specimen, the very wide insertion and the proximity of some tendon fibres 

to the base of the MB make it difficult to differentiate from a type II. Image of the right lower limb of a 

male cadaver. Abbreviations: FTT = tendon of the fibularis tertius muscle; EDL 5th toe = tendon of the 

extensor digitorum longus muscle directed to the 5th toe.   

 

 

Figure 10: Type IV FTT insertion. Left lower limb of a male cadaver. Abbreviations: FTT = tendon of the 

fibularis tertius muscle; EDLt 5th toe = tendon of the extensor digitorum longus muscle directed to the 5th 

toe.   
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Figure 11: Type II FTT insertion. In this specimen, some fibres of the FTT took insertion at the fascia 

covering the 4th intermetatarsal space. Right lower limb of a female cadaver. Abbreviations: FTT = tendon 

of the fibularis tertius muscle; EDLt 5th toe = tendon of the extensor digitorum longus muscle directed to 

the 5th toe.   

 

Of the 39 bodies with bilateral presence of FT analysed, in 19 cases (48.7%) we found that the 

type of distal insertion of the FTT was dissimilar when comparing right and left lower limbs; while 

in the remaining 20 cadavers (51.3%) the type of insertion was similar between both lower 

extremities. Considering the totality of the sample, there were no significant differences in the 

type of insertion in relation to the corresponding sex (p = 0.575) (Table 5), nor in the type of 

insertion in relation to the corresponding side of the body (p = 0.558) (Table 6). 

 

4.4. FTT morphological variants of insertion 

In 68 cases (83%) the FTT insertion was fan-shaped, while the remaining 14 insertions (17%) were 

band-shaped. Comparing sides of the same cadaver, in only one of the cadavers with bilateral 

presence of FT, a band-shaped variant was verified for both lower limbs; in the rest, the insertions 

were fan-shaped bilaterally (n=30), or band-shaped in one side and fan-shaped in the other (n=8). 

In subjects with unilateral presence of FT, in 75% of the cases (3 out of 4) the tendon of this 

muscle was band-shaped. In subjects with accessory tendons (n=3), 100% of them had a band-

shaped insertion. 
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Table 5. Type of insertion of FT according to sex 

Sex Type of Insertion  

 I II III IV V Others Total 

Female 7 3 13 1 0 12 36 

Male 11 1 15 4 1 14 46 

Total 18 

(22.0%) 

4 

(4.9%) 

28 

(34.1%) 

5 

(6.1%) 

1 

(1.2%) 

26 

(31.7%) 

82 

(100%) 

p-value 0.575  

Abbreviations: FT = fibularis tertius. Test Applied: contingency tables with the Chi2 test. The 

type of insertion was established according to the classification of Olewnik (2019).  

 
 

Table 6. Type of insertion of FT according to body side   

Side Type of Insertion  

 I II III IV V Others Total 

Right 9 3 15 1 0 13 41 

Left 9 1 13 4 1 13 41 

Total 
18 

(22.0%) 

4 

(4.9%) 

28 

(34.1%) 

5 

(6.1%) 

1 

(1.2%) 

26 

(31.7%) 

82 

(100%) 

p-value 0.558  

Abbreviations: FT = fibularis tertius. Test Applied: contingency tables with the Chi2 test. The 

type of insertion was established according to the classification of Olewnik (2019). 
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4.5. FT morphometric measurements 

The absolute and relative intra-observer morphometric measurement errors for the variables 

measured can be seen in Table 7. The FT morphometric measurements for the whole sample, as 

well as separated by sex, can be seen in Table 8.  

For all the variables analysed, with the exception of the width of the EDL tendon to the 5th toe, 

there was no significant difference (p > 0.05) between males and females. For this latter variable, 

a significant difference in favour of males was identified, with an effect size of rrb = 0.53, 

corresponding to a moderate effect (rrb ≤ 0.60). In cases where FT was absent, the width of the 

EDL tendon to the 5th digit was 3.8 ± 0.6mm. This value is higher than the average found for this 

same tendon when FT was present, or for the totality of subjects (3.3 ± 0.6mm in both cases). 

This difference is significant (p = 0.04), with an effect size of rrb = 0.5, corresponding to moderate 

(rrb ≤ 0.60). 

 

 

Table 7. Average absolute and relative intra-observer morphometric measurement errors (for FT, 

otherwise specified) 

Parameter Absolute error (mm) Relative error (%) 

Belly length 8.5 11.7% 

Belly width 1.6 6.7% 

Malleolus length 2.2 0.6% 

Tendon length 3.0 4.3% 

Tendon width 0.3 8.1% 

Tendon width of EDL to 5th toe  0.2 5.7% 

Abbreviations: FT = muscle fibularis tertius; EDL = muscle extensor digitorum longus. 
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Table 8. Morphometric measurements (for FT, otherwise specified). Data expressed as mean 

values ± SD 

Parameter All limbs   
(n = 82) 

Female  
(n = 36) 

Male  
(n = 46) 

p-value 

Belly length (mm) 72.8 ± 22.8 69.1 ± 18,3 75.6 ± 25,5 0.300 (+) 

Belly width (mm) 23.3 ± 3.9 23.6 ± 3.5 23.1 ± 4.2 0.548 (*) 

% of the fibula occupied by origin  20.0 ± 6.1 19.8 ± 4.7 20.0 ± 7.1 0.617 (+) 

Tendon length (mm) 70.4 ± 11,7 69.5 ± 11,8 71.1 ± 11.6 0.531(*)  

Tendon width (mm) 3.2 ± 1.0 3.1 ± 0.8 3.3 ± 1.1 0.432 (+) 

Tendon width of EDL to 5th toe (mm) 

(FT present) 
3.3 ± 0.6 3.0 ± 0.4 3.6 ± 0.6 <.001 (+) 

Tendon width of EDL to 5th toe (mm) 

(FT absent) 
3.8 ± 0.6  
(n = 6) 

4.4 ± 0.4  
(n = 2) 

3.6 ± 0.6  
(n = 4) - 

Abbreviations: FT = muscle fibularis tertius; EDL = muscle extensor digitorum longus. p- value = 

according to sex comparison. Test Applied: when the assumption of normality and homogeneity of 

variance were met, Student's t-test was used for independent data (*); otherwise, Mann - Whitney (+) 

was used. 

 

Table 9 shows the morphometric measurements of FT according to body side. For all variables, 

with the exception of the width of the EDL tendon to the 5th toe, there was no significant 

difference (p > 0.05) between the left and right lower extremities. For the latter variable, a 

significant difference in favour of the left side was determined. The effect size was d = 0.49, 

corresponding to a small effect (d ≤ 0.49).  
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Table 9. Morphometric measurements according to side (for FT, otherwise specified). 

Data expressed as mean values ± SD 

Parameter Left limb (n = 41) Right limb (n = 41) p-value 

Belly length (mm) 74.6 ± 26,2 68,8 ± 21,8 0.519 (+) 

Belly width (mm) 22,7 ± 4,0 23,9 ± 3,8 0,164 (*) 

% of the fibula 

occupied by origin  
19,8 ± 7,6 19,5 ± 6,7 0,876 (+) 

Tendon length (mm) 68,9 ± 13,4 71,9 ± 9,6 0,100 (+) 

Tendon width (mm) 3,4 ± 1,1 3,1 ± 0,8 0.393 (+) 

Tendon width of EDL 

to 5th toe (mm)   

(FT present) 

3,4 ± 0,7 3,2 ± 0,5 0.031 (+) 

Tendon width of EDL 

to 5th toe (mm)   

(FT absent) 

4.0 ± 0.9  
(n = 3) 

3.7 ± 0.4  
(n = 3) 

0.667 (*) 

Abbreviations: FT = muscle fibularis tertius; EDL = muscle extensor digitorum longus. Test 

Applied: when the assumption of normality and homogeneity of variance were met, it was 

used Student's t-test for independent data (*); otherwise, Mann - Whitney (+) was applied. 

 

Table 10 shows the mean and SD of the differences between left and right lower limb for each of 

the cadavers, considering the whole sample as well as differentiated by sex. In none of the 

variables a significant difference was found when comparing males to females (p > 0.05).  
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Table 10. Differences in Morphometric measurements comparing sides of the same cadaver (for 

FT, otherwise specified). Data expressed as mean values ± SD 

Parameter 
All limbs (n = 

82) 

Female (n = 

36) 

Male (n = 

46) 
p-value 

Belly length (mm) 18,7 ± 18,2 19,2 ± 18,5 18,3 ± 18,4 0,844 (+) 

Belly width (mm) 3,9 ± 2,8 3,4 ± 2,8 4,3 ± 2,9 0,351 (*) 

% of the fibula occupied by origin 5,1 ± 4,9 5,3 ± 5,0 4,9 ± 4,9 0,899 (+) 

Tendon length (mm) 8,0 ± 6,4 9,6 ± 7,0 6,7 ± 5,5 0,190 (+) 

Tendon width (mm) 0,8 ± 0,6 0,6 ± 0,4 0,9 ± 0,7 0,153 (*) 

Tendon width of EDL to 5th toe (FT 

present bilaterally) (mm) 
0,4 ± 0,4 0,4 ± 0,4 0,4 ± 0,4 0,369 (+) 

Tendon width of EDL to 5th toe 

(mm) (FT absent unilaterally) 
0.8 ± 0.8  
(n = 4) - 0.8 ± 0.8  

(n = 4) - 

Tendon width of EDL to 5th toe 

(mm) (FT absent bilaterally) 
0.5 (n = 1) 0.5 (n = 1) - - 

Abbreviations: FT = muscle fibularis tertius; EDL = muscle extensor digitorum longus. p- value = according 

to sex comparison. Test Applied: when the assumption of normality and homogeneity of variance were 

met, it was used Student's t-test for independent data (*); otherwise, Mann - Whitney (+) was applied. 
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5. DISCUSSION 

No other similar studies conducted both in a Scottish population and using Thiel-embalmed 

cadavers, were found in the scientific literature. To the best of the author's knowledge, this 

would be the first work with these characteristics, providing a novel aspect to the present study. 

In addition, there are few anatomical dissection papers addressing FT in which both limbs of the 

same cadaver were examined, as most of the research was carried out on isolated lower limbs 

only (Rourke et al., 2007).  

The findings of the current study confirm that FT is a muscle with highly variable origin, insertion 

and morphology, which in a minority of cases may be completely absent (Sirasanagnadla et al., 

2014). A close relationship was also verified between the bellies of FT and EDL muscles, their 

separation not being evident in more than 95% of the cases. This contrasts with Jungers et al. 

(1993), who claim that it is usually possible to separate both muscles at the level of their origins, 

and also with the findings of Marin et al. (2006) who verified an evident anatomical separation 

between both muscles in 60% of the lower limbs studied. In the same direction, Jadhav et al. 

(2015) found a completely formed and independent belly of FT, clearly distinct from EDL, in 

80.45% of the cases. 

Krammer et al. (1979) maintain that, despite the intimate contact between both muscles, there 

is a very thin layer of connective tissue between them, which allows their separation without 

disrupting the continuity of muscle fibers or tendons. In the current work, as mentioned above, 

it was not possible to verify this fact in the vast majority of cadavers.  

The fibres of FT were arranged at an oblique angle, inserted entirely on one side of the tendon, 

thus confirming their unipennate muscle character. In addition, the presence of morphological 

characteristics that are not included in commonly used anatomy textbooks was observed. Along 

the same lines as Krammer et al. (1979), it could be suggested that the characteristics of FT 

commonly described corresponds more to a variation than to a standard structure.  

 

5.1. Prevalence 

Considering the total sample, the prevalence of FT reached 93.2%. This value is similar to that 

described by other studies that used anatomical dissection to determine its presence/absence, 

and is the same percentage found by Yammine and Erić (2017) as weighted true prevalence, in 

their meta-analysis work from 25 other studies that included 3628 lower limbs. Expectedly, in 
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the current work the prevalence proved to be similar to that reported for the British population 

(92.7%) as described by Rourke et al. (2007), who also analysed a very similar number of cadavers      

(41 vs 44, respectively).  

On the other hand, this value is higher than that reported by in vivo research using the palpation 

technique as the method of determination (Table 1). This is consistent with Lambert (2016), who 

posit that FT is present in approximately 91.3% of specimens as described in anatomical 

dissection works, while the prevalence in studies using surface palpation techniques is between 

49.1% and 81.5%, depending on the population.  

This value was also higher than that reported in fetal studies (Karauda et al., 2021; Albay and 

Candan, 2017; Domagała et al., 2006; Sokołowska-Pituchowa et al., 1979). In disagreement with 

Yammine and Erić (2017), this could not be satisfactorily explained by the frequent absence of FT 

in foetuses less than 10 weeks, as the above-mentioned studies analysed more developed 

specimens. 

In agreement with what has been found by Palomo-López et al. (2019), there was no significant 

difference in the prevalence of FT when lower limbs from female to male subjects were 

compared. This contrasts with Wood (1868) who found the absence of FT in 5 of 68 male cadavers 

(7.4%) vs. 5 of 34 female cadavers (14.7%). Ramirez et al. (2010), also verified a lower prevalence 

in lower limbs of female to male specimens (43% vs 57%, respectively); given that these authors 

used the palpation technique, in this case it could be speculated that in the female sex the 

presence of FT could have been underestimated due to a lower average muscle development in 

this population. 

 

5.1.1. Comparison between sides of the same cadaver 

Interestingly, in the current study it was observed that, where FT was absent, in the majority of 

cases (4 of 5 subjects, 80%) it happened unilaterally, with only one subject with bilateral absence. 

This percentage is similar to that reported by Wood (1868) who, in 10 subjects (5 females, 5 

males), found that FT was absent bilaterally in 2 cases (1 female, 1 male) and unilaterally in the 

remaining 80% of the cadavers. It also agrees with the findings of Johnson (1973), who in 5 

cadavers with absence of FT, found that bilaterally in 1 case (20%) and unilaterally in the rest of 

the individuals (80%).  On the other hand, in the study by Chatyingmongkol et al. (2004) the 

authors found different percentages: in 57.1% (4 of 7) of the cadavers with absence of FT, it was 
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bilateral; in 28.6% (2 of 7) of the cases the absence was unilateral on the left side; and in the 

remaining case (14.3%) the absence was unilateral on the right side.  

According to Spinner et al. (2021) the EDL tendon to the 5th toe is sometimes duplicated. In the 

current work it was found such an accessory tendon in 50% (3 of the 6) of lower limbs in which 

the absence of FT was verified. This could represent a rudimentary analogue of the absent 

muscle, as a similar accessory tendon was only found in one of the remaining 82 limbs in which 

FT was present.  This percentage, however, is much lower than that shown in the study by 

Yammine and Erić (2017), who determined that in more than 95% of cases where FT is absent, 

the presence of an additional fibular muscle or a tendinous slip from EDL is ascertained.  

 

5.2. Characteristics of the muscle belly 

In the current work the origin of FT in relation to the fibula, as well as the length and width of its 

belly, proved to be highly variable between cadavers. As mentioned ut supra, in most cases 

(95.1%) it was not observed a clear separation between the muscular bellies of FT and EDL. For 

this reason, and in line with what Bertelli et al. state, the separation between the two muscle 

bellies was difficult. This could explain the higher average relative measurement error found in 

this variable compared to the other variables considered (Table 7). 

 

5.2.1. Origin of FT in relation to the fibula 

Yildiz and Yalcin (2012) argue that variations in the origin of FT are not frequent, which is in 

agreement with the work of Jadhav et al. (2015) who claim not to have observed any variation in 

it in 100 lower extremities examined. In contrasting with this, in the present study variations in 

origin of FT were found between subjects.  

Considering the percentage of the fibula occupied by the origin of FT, a very wide range was 

found, between 10.7% as minimum and 49.0% as maximum. The average value (20.0%), 

however, was much lower than the 30.2% reported by Stevens et al. (1993), who stated 

maximum values of this variable of 26cm (vs 18cm in the current work); and also lower than the 

average value described by Rourke et al. (2007), which is 28.4%. Considering both legs of the 

same subject, in the present study the maximum variability observed was 21.1%. With respect 

to this, no differences were found between sexes. 



 

45 
 

In the majority of cases (88.6%) the origin was in the distal third of the fibula, while in 11.4% of 

cases the insertion extended to the lower half of this bone. This is in accordance with Afroze et 

al. (2020) who also found the former type of origin in the majority (97%) of the specimens; this 

is also the origin commonly described in current anatomy textbooks (Spinner et al., 2020; Moore 

et al., 2018; Rouvière and Delmas, 2005). Nayak (2017) mentions having found its origin in the 

most distal portion of the fibula in 100% of the specimens studied; in this case, the author 

describes it as being inserted in the lower one fourth of the medial surface, but it should be noted 

that this author refers only to the shaft, and not to the whole length of this bone.  

In contrast, Joshi et al. (2006) verified the origin of FT in the distal third of the fibula only in 

approximately 50% of the lower limbs studied, similar to that reported by Vieira et al. (2018) who 

found it only in 46.66% of the specimens analysed. It is also not in line with what is stated by 

Olewnik (2019), who found that in most cases (67%) the origin was in the distal half of the fibula, 

while in only 22% of cases the origin was verified in the distal third of this bone. In the same 

sense, Krammer et al. (1979) argue that FT usually originates in the lower 2/3 or lower half of the 

anterior margin of the fibula. This is in agreement with that described in the classic treatise on 

anatomy by Testut and Latarjet (1984), who describe its insertion in the inferior half of this bone.  

The findings in the present study also differ from those reported by Stevens et al. (1993) who 

observed that, in 92.1% (35 of 38) of the lower limbs studied, the origin was centred around the 

lower middle quarter of the fibula, rather than the distal lower third of it, and by Marin et al. 

(2006) who found that in 70% of cases the origin was in the middle third of this bone.  

Joshi et al. (2006) verified very extensive origin of FT (occupying distal, medial and proximal thirds 

of the shaft of the fibula) in 18.2% of the lower limbs observed. de Gusmão et al. (2013) also 

reported finding FT muscle bellies with very extensive origin, although only in 3.2% of the lower 

limbs studied. In the current work, none of the cadavers studied presented this type of origin. 

 

  5.2.2. Length of the muscle belly 

Regarding the length of the origin of FT at the fibula, values in the current study were found to 

range from 37.8mm minimum (female, left limb) to 180.2mm maximum (male, left limb), with 

an average of 72.8mm. This is similar to that reported by Rourke et al. (2007), who verified values 

ranging from 38mm minimum to 193mm maximum. Verma and Seema (2015) state an average 

length of the belly length of FT of 21cm, much higher than that found in the current study. This 
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difference would be given, however, by the fact that these authors measured the length "from 

origin up to extent of muscle fibers", while in the present work it was considered only its bony 

insertion at the level of the fibula.  

In this study this variable was, on average, longer in males than in females (75.6mm vs 59.1mm, 

respectively) and longer in the left leg than in the right leg (74.6mm vs 68.8mm, respectively) 

although for both cases the differences were not significant.  

 

 5.2.2.1. Comparison between sides of the same cadaver 

There were significant variations in this variable between both legs of the same cadaver: in some 

cases the lengths between the two sides were the same or very similar, while in others there 

were significant differences. The maximum absolute difference was 78.4mm (180.2mm left, 

101.8mm right), found in a male cadaver. The maximum relative difference was 74.6% (99.1mm 

right, 45.3mm left) found in a female cadaver. Comparing between sexes, there were no 

significant differences (p > 0.05) in the length of the origin of FT.  

 

5.2.3. Width of the muscle belly  

Considering all lower limbs, muscle belly width data ranging from a minimum of 14.6mm (male, 

left limb) to a maximum of 34.1 mm (male, left limb) were found, the average being 23.3mm. 

The values for both sexes and both sides showed no significant differences (p > 0.05). These 

values are larger than those found by Chatyingmongkol et al. (2004), who reported a maximum 

width for FT of 11.2mm and a minimum width of 1.0mm, with an average of 3.75mm and 4.41mm 

on the left and right leg respectively. The difference can be explained, however, by the different 

criteria used to measure it: while these authors took measurements at the level of the ankle joint, 

in the current study it was done at the middle of the bony insertion of the muscle belly.  

The present work also found higher average values than those reported in the papers by Verma 

and Seema (2015) (23.3mm vs 19mm, respectively) and Rourke et al. (2007) (23.3mm vs 19.4mm, 

respectively). As mentioned above, in the current study the same measurement criteria were 

used as the latter authors; in the case of the former, they do not clarify in their work which criteria 

they used to measure this variable.  
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 5.2.3.1. Comparison between sides of the same cadaver 

In the current study it was verified an important intra-individual variation when comparing both 

lower limbs: while in some cadavers there were practically no differences between the left and 

right leg, in the case where the greatest difference was observed it was in absolute terms of 

9.3mm and in relative terms of 44.2% (25.7mm on the right and 16.4mm on the left), in the same 

male subject. Taking into account the average differences between both sides, no significant 

differences were found (p > 0.05) between sexes.  

 

5.3. Characteristic of the tendon  

To the author’s knowledge, relatively few studies have determined the characteristics of FTT. The 

scientific literature describes its great variability, being able to be "thick and broad or quite 

slender and diaphanous" (Johnson, 1973; p.18). This was verified in the results of the current 

study.  

 

5.3.1. Tendon length 

Considering all the lower limbs analysed, the average length (70.4mm) was very similar to that 

found by Olewnik (2019) (73.9mm) and by Rourke et al. (2007) (69.6mm), although greater than 

that verified by Nayak (2017) (5cm). Strikingly, de Gusmão et al. (2013) report a mean FTT length 

without muscle fibres of only 1.2cm. 

As for other variables measured in this muscle, a large variability was verified in the length of the 

FTT (or the main tendon, in case of the presence of an accessory one). The minimum and 

maximum values observed were 49.8mm and 101.5mm respectively, in both cases found in the 

left lower limb of 2 male cadavers. This represents a percentage difference of 68.3%, which 

accounts for the aforementioned variability. This data is comparable to that reported by Nayak 

(2017), who also verified a large variability, with values in the range of 4.1cm to 9.8cm (although 

in this case the percentage difference is smaller: 41.0%).  

 

5.3.1.1. Comparison between body sides of the same cadaver 

Regarding the intra-individual values, it was found right to left absolute differences ranging from 

0mm to a maximum of 21.9mm (93mm right vs. 71.1mm left); in relative terms, the largest 
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difference between sides was 28.0% (71.8mm right vs. 54.2mm left), in both cases in female 

cadavers. These differences are somewhat larger than those found in the data reported by Verma 

and Seema (2015), where maximum differences between sides of up to 2cm were observed in 

three male cadavers. In relative terms, the maximum difference recorded in this research was 

28.6% (8cm right vs 6cm left), similar to that found in the current study.  

On average, FTT length was slightly longer in males than in females, similar to the findings of 

Rourke et al. (2007). Additionally, this variable was greater in the right side compared to the left 

side; in both cases the difference was not statistically significant (p > 0.05). Although in average 

terms the difference in the length of FTT between sides of the body proved to be larger in females 

than in males, again there was no statistically significant difference (p > 0.05).  

 

5.3.2. Tendon width  

In relation to the width of FTT it was found a minimum value of 1.3mm (male, right limb) and a 

maximum of 6.6mm (male, left limb). The average (3.2mm) was very similar to that found by 

Ercikti et al. (2016) in a study involving 44 lower extremities, where they report a mean of 

3.11mm and 3.32mm on the right and left sides respectively, with a minimum of 1.66mm and a 

maximum of 7.11mm.  On the other hand, this data is lower than that reported by Nayak (2017) 

and Verma and Seema (2015), who found mean values of 4mm and 5mm respectively, in both 

cases with a maximum of 8mm. In these studies, the authors do not mention at what level the 

tendon width was measured.  Additionally, in the current study FTT was wider in males than in 

females (3.3mm vs 3.1mm respectively) although the difference was not significant (p > 0.05).  

In lower limbs where FT was absent, the average width of the EDL tendon to the 5th toe was 

significantly greater than in specimens where FT was present (3.8mm vs 3.3mm respectively; p = 

0.044), with an effect size of rrb = 0.5, corresponding to moderate (rrb ≤ 0.60). In relation to this, 

the average width proved to be greater in lower limbs belonging to females compared to males 

(4.4mm vs 3.6mm, respectively).  Given that FT has been considered by some authors as the 

migrated part of the extensor digitorum brevis to the 5th toe, it could be expected that the tendon 

of the EDL is thickened as a replacement for this absence, thus representing a functional 

adaptation (Ramirez et al., 2010; Das et al., 2009).  It should be mentioned that, in the current 

study, the small number of cadavers in which this muscle was absent (n = 5) implies that the 

results obtained should be interpreted with caution. 
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5.3.2.1. Comparison between sides of the same cadaver 

With respect to intra-subject variability, there were again appreciable differences among 

individuals. While in 4 cadavers it was equal or very similar on the right and left sides (difference 

of 0.0 or 0.1mm), in the others there were greater differences, up to a maximum of 3mm (6.6mm 

on the left vs. 3.6mm on the right side; percentage difference of 58.9%), found in 1 male cadaver. 

This again contrasts with the work of Verma and Seema (2015); from the data provided by these 

authors it is possible to verify maximum differences on the right and left sides of 1mm (0.1cm) in 

absolute terms, and 18.2% (0.5cm vs 0.6cm) in relative terms.  

In the present study, it was in males that the greatest average difference was observed 

comparing both sides, although there was not a significant difference between sexes (p > 0.05).  

Despite what might be expected, in the four subjects where FT was unilaterally absent the 

average width of the EDL tendon to the 5th toe was greater in the side where FT was present 

compared to the side where FT was absent (4.0mm vs 3.6mm respectively).  

 

5.3.3. Tendon width in relation to the EDL tendon to the 5th toe 

On average, the width of the FTT was slightly less than the average width of the EDL tendon to 

the 5th toe (3.2mm vs 3.3mm, respectively). It is noteworthy that there was a significant 

difference (p < .001) in the average thickness of the latter tendon in favour of males over females 

(3.6mm vs 3.0mm respectively), which may reflect a greater degree of hypertrophy in this 

population.  

Despite this, in 41.5% of the lower limbs with FT present (19 females, 15 males), the FTT was 

wider than the EDL tendon to the 5th toe, with the largest difference verified in absolute terms 

of 3.5mm (6.6mm vs 3.1mm respectively) and in relative terms of 72.2%, found in the left lower 

limb of the same male cadaver. This fact could be related to the possible functional importance 

of FT as pronator of the foot (Witvrouw et al., 2006).  

These values contrast with those reported by Joshi et al. (2006) who found the FTT wider than 

the EDL tendon to the 5th toe (something they called a "quite thick tendon") in only 12.18% of 

the 187 cases in which the muscle was present. According to these authors, the presence of such 

a thick FTT could be beneficial for certain surgical procedures, including the treatment of lateral 
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laxity of ankle or tendon transplant in the replacement of damaged dorsiflexor (e.g. paralysed 

anterior tibial muscle). Mabit et al. (1996) stated that in 60% of cases the FTT width is greater 

than 4mm, which makes the tendon biomechanically reliable for this type of procedure. In 

contrast to this, in the present work it was found a FTT width equal to or greater than 4.0mm in 

only 17% (14 out of 82) of the lower limbs measured; which could be implying that, in many 

subjects, the FTT thickness does not reach the ideal value required in this type of procedure.  

In contrast to the findings of the present work, Saxena et al. (2013), Sawant et al. (2012) and Das 

et al. (2009) did not verify the absence of FT accompanied by an apparent thickening of the EDL 

tendon to the 5th toe. It should be noted that the three papers mentioned are not population-

based studies but are case reports.  

 

  5.4. Characteristic of the Insertion  

The insertion of the FT main tendon showed inter- and intra-individual variations, both in type 

and in morphological variants of insertion. These differences are in some cases not consistent 

with what is usually described in the scientific literature.  

 

 5.4.1. Variations in the insertion type 

Regarding the type of insertion, several textbooks mention only the most proximal portion or the 

dorsal surface of the base of the 5th MB (Iyer, 2020; Spinner et al., 2020; Moore et al., 2018; 

Chaurasia, 2006; Rouvière and Delmas, 2005; Van de Graaf, 2002). This is in agreement with that 

reported by Nayak (2017), who verified the insertion of FT onto the base of the 5th MB in 94 out 

of 100 lower limbs analysed. Vieira et al. (2018) also reported insertion only in the 5th MB in 70% 

of lower limbs.  

Other authors, however, found that this type of insertion was only present in approximately 50% 

of the specimens analysed (Jadhav et al., 2015; Joshi et al., 2006). Numerous variations have also 

been reported, including its insertion into the EDL tendon to 5th toe, its insertion at the level of 

the 4th MB, or even its insertion at the level of the 3rd MB (Bhadkamkar and Mysorekar, 1961). In 

the current study, it was found all the insertion types described in the classification made by 

Olewnik (2019), with the exception of type VI. According to this author, this last type has a very 

low prevalence, having been found in only 2 of 91 (2.2%) lower limbs analysed; although in the 
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work of Afroze et al. (2020) the authors report this type of insertion in 10.6% of the lower 

extremities.  

Interestingly, in the present work it was also found a significant percentage of lower limbs 

(31.7%) with types of insertion whose description would not be neatly included in any of the 6 

categories described by the aforementioned author. In a similar way, Afroze et al. (2020) also 

found, although in a much lower percentage (3.0%), FTT features that did not correspond to the 

6 categories mentioned, proposing the inclusion of two additional categories (Type IIa: a very 

slender tendon much less than standard tendon width; and Type Va: lateral slip inserted into the 

dorsal surface of the base of the 5th MB, and medial slip interacting with the tendon of extensor 

digitorum brevis of the 3rd toe).  

Unlike what is argued in the previously mentioned textbooks and papers, in the present study in 

67% of the lower limbs some kind of insertion was found at the level of the 4th MB. These values 

are very similar to those reported by Werneck (1957) who, in a study involving 45 cadavers, found 

the insertion of the FTT at the level of both the 4th and 5th MBs in 64% of cases. This could also 

be related to Bryce (1923), who maintains that this muscle frequently ends partially or totally at 

the level of the 4th MB, and Macalister (1875) who stated that the FTT can send a tendinous slip 

or even go entirely into this bone.  

Following the same argument, Krammer et al. (1979) suggest that the distal insertion of the FTT 

has a constant projection to the 4th MB, although lateral mobilisation of this tendon is necessary 

to appreciate it. This projection would, according to these authors, have functional importance 

in linking both 4th and 5th MBs. In addition, the arrangement of the FTT fibres would be such that 

they would cause tension during inversion of the foot, as well as relaxation during the opposite 

movement of eversion.  

The author of the current study further found differences in the predominant insertion type in 

relation to the work of Olewnik (2019): while the latter observed that the most common was 

type I (45%), the current work found that the most predominant insertion was type III (34.1%). 

This also differs from that reported by Afroze et al. (2020) who observed that in the majority of 

the specimens (84.8%) the insertion corresponded to type II, with neither type I nor type III 

insertion found in any of the 66 lower limbs analysed.  
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In addition, in the present study it was observed no significant differences comparing the type of 

insertion with respect to sex (p > 0.05); nor were differences found when comparing the type of 

insertion with respect to body sides (p > 0.05). 

 

  5.4.2. Comparison between sides of the same cadaver 

Almost half of the cadavers analysed (48.7%) had different insertion sites comparing both sides. 

To the author’s knowledge, there are no studies in the scientific literature that have carried out 

this kind of analysis in other populations. Interestingly, it was also found that in 75% (3 out of 4) 

of the subjects with unilateral presence of FT, the FTT presented a band-shaped morphology 

variant. Again, the small sample size means that these results should not be considered 

conclusive.  

 

5.4.3. Variations in morphological variants of insertion of the main tendon 

In the present study it was found that the majority (83%) of the main tendons of the FT presented 

a fan-shaped morphological variant. The larger insertion area of this type would be related to the 

functional relevance of this muscle as pronator of the foot (Reimann, 1981). This fact, however, 

differs from the data presented by Olewnik (2019). In that work, without considering type VI 

insertions (fused with an additional band of the fibularis brevis tendon) it was stated that in 46% 

of the cases (41 out of 89 tendons) the insertion was of the band-shaped type. Interestingly, in 

the latter study all the tendons with this morphology were associated with a type I insertion. 

 

5.5. Limitations of the study 

The current work has limitations, which determine that the results should be taken with caution. 

Among them, the characteristics of FT make it difficult to measure some variables accurately and 

precisely (e.g.: determination of the separation between the muscle belly of FT and EDL; 

determination of the exact point where the muscle fibres stop inserting into the FTT). 

During the data collection period, restrictions imposed by the COVID-19 pandemic made group 

work difficult, which determined that the data collection was carried out by a single researcher. 

For this reason, it was not possible to establish an inter-observer measurement error, which 

could represent an additional limitation.  
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Furthermore, taking into account that the number of citizens of Scotland is approximately 

5.463.300 people (Office for National Statistics, 2019), a sample of at least 385 subjects would 

be necessary to be representative of that population, assuming a confidence level of 95% and a 

margin of error of 5%. This leads to the suggestion that more similar studies of the Scottish 

population are needed.   

 

6. FUTURE WORK 

The author of the present study considers it necessary to carry out similar works using a larger 

sample of subjects. In addition, it could be necessary to carry out similar studies with a sample 

of fresh cadavers, not affected by any kind of embalming procedures; this would avoid possible 

effects on the morphology of the structures analysed, and would also allow the inclusion of 

biomechanical studies, as the tissues would not be affected by chemical processes. 
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7. CONCLUSIONS 

In the present work, it was verified for the Scottish population the great variability described in 

the scientific literature with respect to the anatomical characteristics of FT. In agreement with 

other authors, several variations were identified that are not mentioned in current textbooks.       

This is particularly true with regard to its insertion: in the current analysis it was found a relevant 

amount of them that the author could not categorize according to the classification described by 

Olewnik (2019). This could be indicating the necessity to introduce more categories or 

subclassifications. Given the clinical and surgical importance of this muscle, the author believes 

it is necessary that the aforementioned variations are taught and taken into consideration during 

human anatomy and surgical training courses. Additionally, more studies involving the use of 

fresh cadavers and biomechanical measurements are needed.  
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