
Folia Morphol.
Vol. 83, No. 2, pp. 275–293

DOI: 10.5603/fm.94290
Copyright © 2024 Via Medica

ISSN 0015–5659
eISSN 1644–3284

journals.viamedica.pl

R E V I E W    A R T I C L E

275

Address for correspondence: Łukasz Olewnik, MD, PhD, Department of Clinical Anatomy, Masovian Academy in Płock, Plac Dąbrowskiego 2,  
09–402 Płock, Poland; e-mail: lukaszolewnik@gmail.com

This article is available in open access under Creative Common Attribution-Non-Commercial-No Derivatives 4.0 International (CC BY-NC-ND 4.0) license, allowing to download 
articles and share them with others as long as they credit the authors and the publisher, but without permission to change them in any way or use them commercially.

Morphological variability of the leg muscles: 
potential pitfalls on ultrasound that await 
clinicians
Marta Pośnik1, Nicol Zielinska1, R. Shane Tubbs2–7, Kacper Ruzik1, Łukasz Olewnik8

1Department of Anatomical Dissection and Donation, Medical University of Lodz, Poland
2Department of Neurosurgery, Tulane University School of Medicine, New Orleans, LA, United States
3Department of Neurosurgery and Ochsner Neuroscience Institute, Ochsner Health System, New Orleans, LA, United States
4Department of Anatomical Sciences, St. George’s University, Grenada, West Indies
5Department of Structural and Cellular Biology, Tulane University School of Medicine, New Orleans, LA, United States
6Department of Surgery, Tulane University School of Medicine, New Orleans, LA, United States
7University of Queensland, Brisbane, Australia
8Department of Clinical Anatomy, Masovian Academy in Płock, Poland

[Received: 19 February 2023; Accepted: 1 September 2023; Early publication date: 21 November 2023]

Background: Although muscles and their tendons are not considered the most 
morphologically variable structures, they still manifest a substantial diversity of 
variants. The aim of this study is to increase awareness of some of the many pos-
sible variants found during ultrasound imaging of one lower limb compartment, 
the leg, that could potentially mislead clinicians and lead to misdiagnosis.
Materials and methods: PubMed was used for a comprehensive literature search 
for morphological variations. Relevant papers were included, and citation tracking 
was used to identify further publications.
Results: Several morphological variants of muscles of the leg have been described 
over many years, but this study shows that the occurrence of further variations 
in ultrasound imaging requires further investigations.
Conclusions: The incidence of additional structures including muscles and tendons 
during ultrasound examination can cause confusion and lead to misinterpretation 
of images, misdiagnosis, and the introduction of unnecessary and inappropriate 
treatments. (Folia Morphol 2024; 83, 2: 275–293)
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muscle, ultrasound, morphological variability

INTRODUCTION
As it is commonly known, human anatomy has 

been explored for many centuries but is still full of 
surprises. Each year the number of scientific papers 
about unexpected, unusual variations grows, asso-
ciated with recognition of their clinical significance. 

Muscles and their tendons are not considered the 
most variable structures in humans, but there are 
numerous papers about atypical muscles; ones with 
additional tendons or additional bands, others uni-
lateral, and even absences.
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A diagnostic method finding increasing use 
among clinicians around the world is ultrasound 
imaging (US). This method can be very useful, but 
accessory and variable structures in an image can lead 
to confusion; if the person performing the imaging is 
not aware of the possibility of additional structures, 
a misdiagnosis can occur. It is therefore important to 
raise awareness of the morphological variability that 
can be found during a US examination.

The aim of the present review is to explore and 
discuss some morphological variations of the leg 
muscles and their tendons that can be found during 
US imaging of the lower limb. Since the variants 
considered could potentially produce pitfalls during 
US examination, another aim is to raise awareness of 
them among clinicians in order to preclude confusion.

ANTERIOR COMPARTMENT OF THE LEG
Extensor hallucis longus muscle

The extensor hallucis longus muscle (EHL) is po-
sitioned in the anterior compartment of the leg and 
functions in extension of the great toe, dorsiflexion 
of the foot, foot eversion and inversion, and stretch-
ing of the plantar aponeurosis [56, 75, 80]. A large 
portion of the EHL is covered by the tibialis anterior 
muscle (TA) and the extensor digitorum longus muscle 
(EDL), which also occupy this compartment. The EHL 
arises from the middle part of the fibula and inter-
osseous membrane deep between the TA and EDL  
and then forms a long tendon that lies behind the 
superior and inferior extensor retinacula, crosses  
the anterior tibial vessels, and inserts on the dorsal 
part of the base of the distal great toe phalanx [56, 
75, 80] However, the EHL has numerous morpho-
logical variants in the form of additional bands and 
their insertions. Structures such as additional tendons 
associated with the EHL are found in 10% to 81% 
of cases [80, 116], which leads investigators from 
different fields of medicine to ask whether such ad-
ditional tendons should be considered in the classical 
definition of the EHL [16, 56].

During the long, almost 100 years, history of de-
scriptions of morphological variations of the EHL, 
the additional tendons have been given different 
names. An additional tendinous slip from the EHL 
with insertion on to the proximal big toe phalanx was 
usually called the extensor primi internodii hallucis. 
An analogous slip with insertion on to the capsule 
of the first metatarsophalangeal joint was named 
the extensor hallucis capsularis. There was also the 

musculus extensor primi metatarsal of Gruber, with 
characteristic insertion on to the dorsal aspect of the 
distal part of the first metatarsal [16, 38, 56, 109]. 
In order to facilitate recognition of the EHL tendon, 
Olewnik et al.[80] proposed a three-type classifica-
tion, which was recently updated by Zielinska et al. 
[116] based on the number of additional tendons 
and their positions of insertion on the foot. Type I — 
single tendon; Type II (Fig. 1) — two distal tendons, 
one dominant with insertion on the distal phalanx of 
the hallux, with five subtypes; Type III — three distal 
tendons, the main one being inserted to the dorsal 
aspect of the distal part of the distal phalanx, with 
three subtypes (Table 1).

In recent years there has been an ongoing discus-
sion about the clinical relevance of the EHL. The rela-
tionship between an accessory tendon of the EHL and 
the development of hallux valgus (HV) deformity has 
been particularly explored. According to Al-Saggaf 
[4] the force of extension provided by an additional 
band on the first MTP joint could counter the EHL at 
the distal aspect of the distal phalanx and lead to HV 

Figure 1. Schematic drawing depicting the extensor hallucis 
longus muscle variability described as type IIa; EHL — extensor 
hallucis longus muscle.
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deformity. However, it has also been suggested that 
the additional band prevents HV deformity because 
the accessory tendon could act contrary to the axis 
of deforming forces [75]. In order to decide whether 
additional tendons of the EHL cause or prevent the 
HV deformity, a detailed biomechanical study is nec-
essary [116].

It is worth mentioning that additional bands are 
suspected of preventing tendon laceration and main-
taining normal muscle function if the main tendon is 
ruptured, which can happen to all muscles including 
the EHL [80].

Since recognition of an accessory tendon of the 
EHL could be significant for proper diagnosis, and 
since recent developments in radiology make it pos-
sible to achieve high resolution imaging of the soft 
tissues characteristic of the foot, US seems an ideal 
imaging method. This is especially so since MR can 
be challenging owing to the complex anatomy of 
tendons and ligaments in the foot region. Olewnik et 

al. [81] published a US study in which the morphology 
of the EHL was evaluated in 100 lower limbs from 50 
participants. In terms of the previously mentioned an-
atomical classifications [80, 116], Type I was observed 
in 76% of the limbs and type IIa, in which there are 
accessory tendons, in 24%. In the authors’ opinion, 
no other subtypes of Type II or Type III were noticed 
during the US examination because the additional 
bands were small. Because they are very rare, or 
because anatomical dissection is superior at sepa-
rating tissue layers, neighbouring tissues that travel 
in different directions separated by blunt dissection 
could appear in US only as a hidden anisotropy [81].

Further studies of additional bands of the EHL are 
necessary, not only to clarify their classification and 
clinical significance, but also to determine whether 
US is an adequate method for visualizing all types of 
EHL tendon, not only the most common types.

Tibialis anterior muscle

The TA is the largest component of the anterior 
compartment of the leg [32]. It is usually described as 
originating at the lateral condyle of the tibia, the lat-
eral surface of the tibial shaft and the anterior surface 
of the interosseous membrane, forming a muscle belly 
that becomes the TA tendon and inserts on to the first 
metatarsal and the medial cuneiform [49, 79, 115].

Among all the muscles of the anterior compart-
ment of the leg, the TA is the strongest dorsiflexor of 
the foot, and along with the tibialis posterior muscle 
(TP) is also an inverter of the foot [115]. Because of 
the placement of its insertion, contraction of the TA 
also lifts structures of the medial arch into adduction- 
-supination or inversion [72].

The TA has a wide variety of both proximal and 
distal attachments; however, the distal one was 
particularly studied. The TA tendon was found as a 
two-bands structure, trifurcated or as a single band 
inserted onto the medial cuneiform bone (Fig. 2). The 
variants of its distal insertion have been described and 
systematized several times over the course of many 
years among both adults [8, 17, 74] and fetuses [49]. 
The most recent classification was by Olewnik et al. 
[79], based on anatomical dissections performed on 
one hundred lower limbs and partially confirmed by 
US findings among fifty volunteers (Table 2). 

There is a growing interest in amateur sports that 
frequently result in tendinopathies and ruptures [33, 
50, 92]. One of the more frequently ruptured tendons 
is the TA tendon. This usually results from excessive or 

Table 1. Types of EHL tendon presented in classification propo-
sed by Zielinska et al. [116]

Type Subtype Description

I – Single tendon with insertion on the distal phalanx 
of the hallux

II a Additional tendon inserted onto dorsal aspect of 
the proximal phalanx of the hallux, medial to the 
insertion of the extensor hallucis brevis muscle 

(EHB) 

b Additional tendon inserted onto the dorsal aspect 
of the proximal phalanx of the hallux, just distal to 

the insertion of the EHB

c Additional tendon inserted onto dorsal aspect of 
the proximal phalanx of the hallux, just distal to the 

insertion of the EHB

d Additional tendon merged with EHB, with distal 
attachment onto dorsal aspect of the base of the 

proximal phalanx of the hallux

e Additional tendon slip merged with EHB, distal 
attachment onto dorsal aspect of the base of the 

proximal phalanx of the hallux

III a Medial additional tendinous slip inserted on to the 
distal phalanx proximally and lateral additional 

tendinous slip fused with EHB and attached distal-
ly on to the proximal phalanx

b Two additional tendons, that arose from the me-
dial side of the main tendon and inserting into the 

capsule of the joint

c Two additional tendons, that arose from the medial 
and lateral sides of the main tendon and inserting 
into the capsule of the first metatarso-phalangeal 

joint
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unpredicted forced plantar flexion that stresses the TA 
tendon during contraction [65]. Although a complete 
tendon rupture can be diagnosed by palpation, the 
diagnosis must be confirmed by some kind of imaging 
before any kind of procedure, and the gold standard 
for TA tendon rupture is US [79, 115]. According to 
Olewnik et al. [79] different types of insertion could 
cause slight differences in the distribution of forces 
in the foot and ankle joints, and since the most fre-
quently performed type of reconstruction is tendon 
transfer, the biomechanics of the foot could poten-
tially modify the reconstructed joint; it could become 
too tight or too loose.

Therefore, even though interesting and unusual 
variations of the distal attachment of the TA can sur-
prise, they could have crucial significance in planning 
a procedure for replacement of a ruptured TA tendon.

LATERAL COMPARTMENT OF THE LEG
Fibularis Quartus muscle

The fibularis quartus muscle (FQ) used to appear 
in the literature under many names such as “fibularis 

accessories”, “fibulocuboid”, “peroneoperoneolongus” 
or “fibulo-calcaneus externum”, although in current 
studies it is commonly named the FQ or peroneus 
quartus muscle [111]. It is an accessory muscle of the 
lateral compartment of the leg that can also appear in 
the posterior compartment and accompanies the reg-
ular fibularis muscles, fibularis longus muscle (FL) and 
fibularis brevis muscle (FB) (Fig. 3). Cadaveric dissec-
tions have shown that the FQ appears in approximately 
12–22% [14, 20, 21, 43, 111]. Although it was stated 
in 1952 that accessory fibular muscles are present in 
chimpanzees and other mammals [111], the literature 
commonly asserted that the FQ is found only in humans 
[14, 21, 43]. Its absence from other species led Hecker 
[40] to propose that its appearance is a result of evo-
lutionary development, closely related to assistance in 
accommodating bipedal posture by its involvement in 
dorsiflexion and eversion of the foot during walking.

The FQ is frequently described as having an origin 
on the posterior surface of the fibula or one of the 
regular peroneal muscles, coursing medially and pos-
teriorly to the peroneal tendons and showing great 

Table 2. Classification of TA tendon introduced by Olewnik et 
al. [79]

Type Description Occurrence 
in anatomic 

study

Occurrence  
in sonographic  

study

I Tendon split into two equal-
sized bands inserted on 

the medial cuneiform bone 
and the base of the first 
metatarsal, formed by a 

tendinous slip

31% 20%

II Tendon split into two 
bands, the larger inserting 
into the medial cuneiform 

bone and the smaller on the 
first metatarsal

24% 35%

III Tendon split into two 
bands, the larger inserting 

into the first metatarsal and 
the smaller on the medial 

cuneiform bone

11% 13%

IV Trifurcated tendon with 
one band attached to the 

medial cuneiform bone and 
two inserted on the first 

metatarsal

2% –

V Single band inserted on the 
medial cuneiform bone 

32% 20%

VI Two equal-sized bands 
inserted on the medial  

cuneiform bone

– 12%

Figure 2. Schematic drawing of the tibialis anterior muscle distal 
insertion variation. TA — tibialis anterior muscle; *Attachment to 
the medial cuneiform bone.
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variability in its distal insertion. It most commonly 
inserts on the retrotrochlear eminence, more rarely on 
the cuboid, peroneus longus or inferior retinaculum 
[14, 21, 111].

A classification of the FQ by shape into six types 
was presented by Hur et al. [43], who found the mus-
cle in 13 of 80 dissected cadavers (16.3%). Results of 
Hur et al.’s [43] study are collected in Table 3. In study 
by Sobel et al. [99], authors dissected one hundred 
and twenty-four lower limbs and observed FQ in 27 
of those (21,7%). Observations from Sobel et al.’s 
[99] study are presented in Table 4. 

In addition there are reports of more complex 
variations: a peroneocalcaneocuboideus inserting to 
the cuboid and calcaneus, or a peroneotalocalcaneus 
inserting on the talus and calcaneus [23]. Interest-
ingly, it has been suggested that the relatively wide 
morphological and topographical variability of the FQ 
resulted from changes in the shank and foot during 
adoption of the upright position and by forces acting 
on the lower leg while learning how to walk [26].

As previously mentioned, since the FQ is an acces-
sory fibularis muscle, it cooperates with other fibular 
muscles throughout dorsiflexion and eversion of the 

foot during walking. It also serves in foot abduction 
and as a lateral ankle stabilizer [30, 40, 99].

Regarding to its clinical significance, the FQ can re-
main asymptomatic, although it can also cause several 
symptoms in the lateral ankle compartment such as 
swelling, chronic pain or peroneal tendonitis [14, 43, 
93, 111]. It can cause crowding in the retromalleolar 
groove, leading to degeneration or even tearing in 
the FB owing to the stenosis it can cause in the lateral 
compartment [43, 111]. Stenosis in the retromalleolar 
area can also result from the development of synovial 
hypertrophy resulting from ankle sprains when an FQ is 
present [14]. Interestingly, Edwards et al. [30] proposed 
that a connection between the FQ and the prominence 
of the peroneal tubercle can explain hypertrophy of 
the peroneal tubercle, which is suspected of causing 
stenosing tenovaginitis of the peroneal tendons and 
lateral ankle pain [30, 99]. Despite all the aforemen-
tioned pathologies, the FQ can be also beneficial, as 
shown by Mick and Lynch [70], who used it to perform 
a successful reconstruction of the peroneal reticulum.

Table 3. FQ classification presented by Hur et al. [43]

Type Description Occurrence 

I FQ with a muscular origin with a tendinous 
insertion

11.3%

II FQ with a tendinous origin with a muscular 
insertion

2.5%

III FQ characterized by a tendinous origin with 
muscular and tendinous parts of insertion

1.3%

IV FQ presented only a tendinous part 1.3%

V FQ presented only a muscular portion 1.3%

VI FQ characterized by two tendons connected by 
an intermediate muscle belly

1.3%

Table 4. Observations on FQ presented by Sobel et al. [99]

Type of FQ Description Occurrence 

Peroneocalcaneus 
externum

An insertion on the calcaneus 7.4%

Peroneus  
accessorius

An origin from the FB and insertion 
to the tendinous portion of the FL

3.7%

Peroneus digiti 
minimi

An origin from the FB and insertion 
into the fifth metatarsal

7.4%

Other, unnamed 
variants

Originating from the FL and insert-
ing back to the FL

3.7%

Originating from the FB and insert-
ing on the lateral retinaculum

11.1%

Originating from the FL and insert-
ing on the FB

3.7%

Figure 3. Schematic representation of fibularis quartus muscle po-
sition; FL — fibularis longus muscle, FB — fibularis brevis muscle, 
FQ — fibularis quartus muscle.
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According to Thomas et al. [105], peroneal tendon 
pathologies can easily be identified by US, which can 
provide real-time scanning during active and passive 
ranges of motion along with observations of foot 
positioning, dorsiflexion and eversion. During this 
study, in which the authors focused on intrasheath 
fibularis tendon subluxations, one of the seven pa-
tients examined had a tear of the FQ caused by sub-
luxation. However, Chepuri et al. [20] stated that it 
can be difficult to identify the FQ by US because of 
its anatomical variability, which makes it hard to dif-
ferentiate it from other peroneal muscles, since in the 
flat plane it ranges from 100% hypoechoic (muscular 
component) to 100% hyperechoic and fibrillar (tendi-
nous part). This can lead to considering whether the 
appearance of the FQ on US could be misinterpreted 
as a longitudinal tear of the fibularis brevis tendon, 
as happened previously during MRI imaging [96].

There has been a noticeable decline of the number 
of articles about the FQ and about US imagining of 
it, which seems rather disturbing since sonography 
is slowly becoming a common method for evaluating 
ankle tendon abnormalities [20]. Although the fre-
quency of the FQ ranges from 12 to 22% [14, 20, 21, 
43, 111], it should always be considered for patients 
with symptoms such as chronic ankle pain, swelling, 
or suspected lateral ankle stenosis.

POSTERIOR COMPARTMENT  
OF THE LEG

Popliteus muscle
The anatomy of the secondary stabilizers of the 

knee can be presented in terms of corner-based anat-
omy, comprising the posterolateral corner (PLC), pos-
teromedial corner and anterolateral corner [34, 39, 
45]. The popliteus muscle and its tendon form one 
component of the PLC, and like other structures in 
this compartment, including the fibular collateral, ar-
cuate, and fabellofibular ligaments, the posterolateral 
joint capsule and the popliteofibular ligament, the 
popliteus muscle has a complex, variable and imper-
fectly known anatomy. This is often explained by its 
location: the deepest layer of the posterior knee, its 
smallness and its complicated anatomy [108].

The popliteus muscle is frequently described as 
having a wide attachment on the posteromedial 
surface of the tibia, proximal to the soleal line that 
forms a long tendon passing through the popliteal 
hiatus beneath the lateral collateral ligament and 
inserting mainly posteriorly and distally to the lateral 

epicondyle of the femur. However, fibres are also at-
tached to the popliteal groove and under the lateral 
collateral ligament [46, 108, 114]. Nonetheless, the 
popliteus muscle varies in its proximal attachment. It 
can occur as a single tendon attached to the popliteal 
sulcus, with one accessory band — to the oblique 
popliteal ligament, fibular collateral ligament or to 
the lateral meniscus (Fig. 4). Variations with more 
than one accessory band are also present, so various 
classifications of the popliteus tendon (PLT) have 
emerged, based on differences in its origin. There 
are types distinguished by the tendon’s attachments 
sites: posterior capsule, arcuate popliteal ligament, 
oblique popliteal ligament, fibula, posterior cruciate 
ligament, posterior meniscofemoral ligament and 
lateral meniscus [31]. Other authors have based their 
classifications on a relationship between the PLT and 
FCL: inferior, posteroinferior or double by bifurcated 
bands [48]. Another classification [22] distinguishes 
four types: I (13.3%) with one attachment, II (34.2%) 
and III (23.3%) with two attachments, IV (28.8%) 
with three. The most comprehensive classification is 
four-fold and based on dissections of one hundred 

Figure 4. Schematic representation of the popliteus muscle varia-
ble origin; *popliteal sulcus, **lateral meniscus.
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and thirty-four lower limbs: type I has a single tendon; 
type II has a main band attached to the popliteal sul-
cus, with five subtypes; type III has two tendons in the 
popliteal sulcus; and type IV has two main tendons in 
the popliteal sulcus, with five subtypes [78]. Classifi-
cation by Olewnik et al. [78] is presented in Table 5.

There is an ongoing discussion about the function 
of the popliteus muscle. It is well known that together 
with the FCL and the PFL, it has a key role in the static 
stabilization of the knee joint with respect to internal 
rotation, varus angulation and anterior translation. 
Because of its ligament-like function about the knee, 
it is often called the “fifth ligament” of the knee [59]. 
However, its dynamic function remains unclear. It is 
suspected that it participates in lateral rotation of 
the femur on the tibia during the gait cycle and also 
rotates the tibia medially on the femur when the limb 
is off the ground [78, 100, 108].

Since any isolated injury of the popliteus muscle 
is uncommon and is mostly associated with more 
complex posterolateral corner injuries, it can cause 
problems during diagnosis. Additionally, it usually 
manifests itself with lateral knee pain, which can 
have several causes such as iliotibial band syndrome, 
lateral meniscal pathology, patella-femoral syndrome 
or biceps femoris tendinopathies [27].

Popliteus tenosynovitis is an uncommon condition 
that mostly occurs in athletes. It is usually detected by 
MRI imaging or during arthroscopic examination [15, 
114]. However, Howard et al. [41] presented an inter-

esting study of recurrent tenosynovitis, which after 
22 years of misdiagnosis as meniscal pathology was 
finally recognized by US. During US imaging, swelling 
around the PLT was noted, extending over the lateral 
meniscus. It was indicated by increased size of the 
tendon, loss of homogenicity and a hypoechogenic 
area around the tendon. 

Another interesting condition is a ganglion cyst of 
the PLT. Again, the symptom is lateral/posterolateral 
knee pain, so the diagnosis can be troublesome. It is 
an extremely rare condition; there are three reports 
in the literature and only one that describes US treat-
ment. A ganglion cyst of the PLT manifests itself in 
US imaging as a small, anechoic structure within the 
margin of the PLT. Power Doppler demonstrates no 
internal flow within the cyst [47].

Interestingly, the PLT has an “incomplete sheath” 
created by the superior lateral parameniscal recess, 
which can inflame when the popliteus muscle is over-
trained. Unsurprisingly, this causes lateral knee pain. 
On US imaging it occurs as a remarkable fluid disten-
tion around the PLT and synovial hypertrophy of the 
lateral para-meniscal recess [27]. 

A snapping PLT is another interesting instance. It 
is the main differential diagnosis of lateral snapping 
knee, which affects mostly young patients with ac-
tive lifestyles. Surprisingly, in several published cas-
es, clinical examination, MRI and even arthroscopy 
failed during the diagnosis of such lateral snaps, so 
US imaging could be helpful. Although the PLT and 

Table 5. Classification of the PLT introduced by Olewnik et al. [78]

Type Subtype Description Occurrence 

I – Single tendon attached to the popliteal sulcus 34.4%

II a Main tendon as type I, accessory band attached to the oblique popliteal ligament 30.6%

b Main tendon as type I, accessory band attached to fibular collateral ligament

c Main tendon as type I, accessory band attached to the lateral part of the lateral meniscus

d Main tendon as type I, with two accessory bands: the first attached to the posterior articular capsule and the second 
to the oblique popliteal ligament

e Main tendon as type I, with three accessory bands: the first attached to the fibular collateral ligament and the second 
and third attached to the posterior meniscofemoral ligament

III – Two tendons present in the popliteal sulcus 15.7%

IV a Main tendon as type III, the accessory band attached to the oblique popliteal ligament 19.4%

b Main tendon as type III, with two accessory bands: the first attached to the fibular collateral ligament and the second 
attached to the posterior articular capsule

c Main tendon as type III, with two additional bands: attaching to the fibular collateral ligament and the lateral meniscus

d Main tendon as type III, two additional bands were present: attaching to the lateral part of the lateral meniscus and the 
posterior articular capsule

e Main tendon as type III, with two additional bands: attaching to the lateral part of the lateral meniscus and the medial 
part of the lateral meniscus
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underlying popliteal groove are easily detected in US 
imaging and dynamic sonography can be crucial for 
confirming involvement of the PLT in snapping knee, 
there have been no studies of the use of US imaging 
for evaluating the connection between a snapping 
PLT and snapping knee syndrome [53, 66, 68].

It seems rather disturbing that although US ima
ging and guided interventions of the knee joint are 
widely used, some structures such as the posterolat-
eral corner of the knee are not routinely scanned. This 
could prove challenging, since structures such as the 
popliteus tendon and its additional bands are very 
morphologically variable, potentially giving rise to 
unusual US images, a potential pitfall for diagnosis.

Plantaris muscle

The plantaris muscle (PM) causes great confusion 
in many departments of medicine and anatomy, main-
ly because of the extreme morphological variability 
of both its distal and proximal attachments and even 
its course [83, 84]. The typical description of the 
PM portrays it as small, short and fusiform, usually 
originating around the supracondylar line of the fe-
mur and around the joint capsule, developing a long 
slender tendon that lies between the gastrocnemius 
muscle (GM) and the soleus muscle (SM) and then 
reaches its distal attachment, the calcaneal tuberosity 
[54, 55, 83–85]. The morphological variability in both 
its distal and proximal attachments has led to the 
creation of several classifications . In 1946, Cummis 
et al. [24] made one of the first attempts, a fourfold 
classification based on the dissection of 200 lower 
limbs. Sterkenburg et al. [102] distinguished nine 
variants. Olewnik et al. [76] described a sixfold clas-
sification based on the insertion of the PM (Table 6). 

There is an ongoing discussion among the medical 
community about whether the PM is a developing or  
a residual structure. Some authors assert that its absence 

in 7–20% of the population is sufficient evidence for 
vestigiality [5, 19, 95]. However, the entire type VI in the 
six-fold classification mentioned before could support 
the opposite view. Some interesting case studies in the 
current literature can be classified as type VI; reports 
of two-headed [55, 76] three-headed [84], and even 
more complex ones [54]. Olewnik et al. [84] observed 
three-headed PM variant where the first head originated 
from the posterior femoral surface and the medial side 
of the lateral femoral condyle, the second from the later-
al femoral condyle and from the lateral head of the GM, 
and the third from the lateral head of the GM (Fig. 5).

Figure 5. Schematic drawing of the three-headed plantaris muscle; 
1 — first head of the plantaris muscle; 2 — second head of the 
plantaris muscle; 3 — third head of the plantaris muscle; lhGM — 
lateral head of the gastrocnemius muscle; CT — common tendon; 
SM — soleus muscle; MC — medial condyle of the femur; PSF — 
posterior surface of the femur; BF — biceps femoris muscle.

Table 6. PM classification by Olewnik et al. [76]

Type Description Occurrence

Ia Attachment to the lateral head of the GM, lateral femoral condyle and to the knee joint capsule 39.8%

Ib An origin to the lateral head of the GM, lateral femoral condyle, knee joint capsule and to the popliteal surface of the femur 8.6%

II An origin to the knee joint capsule and to the lateral head of the GM, which attached indirectly to the lateral femoral condyle 
through the lateral head of the GM

25%

III An attachment to the lateral femoral condyle and to the knee joint capsule 10.15%

IV Origin located on the lateral femoral condyle, the knee joint capsule and to the iliotibial band 6.25%

V Origin on the lateral condyle of the femur 8.6%

VI ,,Rare cases” — all unusual and uncommon variants,  including all another attachment not classified as types I–V 1.6%
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Another confusion surrounding the PM concerns 
its function. It is a biarticular muscle, particularly ac-
tive during the plantar flexion of the foot, although its 
small, fusiform muscle belly and long tendon suggest 
that its biomechanical role is insignificant. However, 
its anatomical structure and its high density of muscle 
spindles could suggest that it is a highly-specialized 
muscle, which has developed a sensory over the mo-
tor function [54, 55].

Discussion of the clinical significance of the PM 
continues. Rohilla et al. [95] described a rupture of 
the PM misdiagnosed as deep vein thrombosis (DVT) 
during a US examination. According to these authors, 
the resident who performed the US imaging based 
his diagnosis on the fluid he saw in the muscle planes 
and on the linear hypoechoic structure in the liquid. 
A correct diagnosis was made after MRI, which re-
vealed that the fluid was located between the medial 
head of the GM and the SM. This led to a second 
US examination with Doppler, which ruled out DVT. 
As stated by Rohilla et al. [95], a PM rupture can be 
mistaken not only for a DVT but also for a ruptured 
Baker’s cyst or calf neoplasm. According to Kurtys et 
al. [55], a more complex muscle variant, a bifurcated 
or two-headed PM, could cause greater confusion 
during US examination; hypotrophy of the additional 
part of the PM can mislead as easily as confusion of  
a muscle rupture with a Baker’s cyst or calf neoplasm.

Another clinical condition involving the plantaris 
is “tennis leg”. Generally, this condition can develop 
during full extension of the knee joint when the an-
kle joint is in dorsiflexion. There is disagreement in 
the medical community about whether a PM injury 
could be one cause of “tennis leg”, since a rupture 
or tear of the GM is usually considered responsible 
[25, 54, 55]. However, Delgado et al. [25] examined 
141 patients and conducted an anatomical study of 
four cadavers using both US and MRI imaging, and 
showed that even though the most common cause 
of “tennis leg” is indeed GM injury, rupture of PM 
can also be responsible [25].

The recent literature indicates noticeable interest 
in the possible involvement of the PM in mid-portion 
Achilles tendinopathy [1, 2, 35, 36, 67, 82, 103]. The 
discussion started when Alfredson revealed that in 58 
out of 73 cases of chronic painful midportion Achilles 
tendinosis, the PM was enlarged [1]. Interestingly, 
involvement of the PM in the Achilles tendinopathy 
can be detected during US + colour Doppler, which 
reveals the position of the PM tendon as a focal hy-

poechogenic area connected with increased blood 
flow. If ultrasound tissue characterization is used, 
involvement of the PM in mid-portion Achilles tendin-
opathy can be confirmed by red and white echopixels 
that indicate a disorganized matrix [67].

The PM is not only a seriously confusing but also 
a very interesting structure because of its variability, 
complexity, and the ongoing debates among scien-
tists trying to clarify some aspects of it. Because it 
traverses the knee and ankle it is prone to rupture, 
and this could potentially be a sonographic pitfall. 
This emphasizes the need to popularize knowledge 
of the PM and the value of clarifying details of it.

Accessory soleus muscle

The accessory soleus muscle (AS) muscle is a rare 
supernumerary structure with a 0.7% to 5.6% inci-
dence [89]. It is often described as arising from the 
anterior surface of the soleus muscle (Fig. 6) or from 
the fibula and the soleal line of the tibia. It has five 
documented types of insertion [61, 113] presented 
in Table 7.

Figure 6. Schematic representation of the accessory soleus muscle  
position; SM — soleus muscle; AS — accessory soleus  
muscle; AT — Achilles tendon.
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The AS usually remains asymptomatic, but it can 
result in a few conditions reported in the literature. It 
can be associated with clubfoot deformity in children 
[37]. When it is connected with this condition it cannot 
easily be detected since the posteromedial area of the 
ankle is not swollen. However, identification of it is sig-
nificant because hindfoot deformity can persist after 
limited surgery if the AS insertion is not released [37]. 
The AS can also cause swelling of the posteromedial 
aspect of the ankle [51], which can be asymptomatic 
or manifest itself as pain during chronic exertion of 
the ankle during the second and third decades of life 
owing to increased muscle mass [98]. The AS can also 
be connected to tarsal tunnel syndrome; it is located 
outside the tarsal tunnel, but it could exert extrinsic 
compression [18]. It is also speculated that the AS is 
associated with Achilles tendinopathy [62].

The AS is rare and can easily be misdiagnosed by 
an unaware clinician. During diagnosis it can mimic 
a soft tissue tumour, DVT, lipoma, ganglion, sarco-
ma, synovioma or haemangioma [13, 98]. Failure to 
perform imaging before clubfoot surgery when an AS 
is present, or even failure to recognize the supernu-
merary muscle during pre-surgery examination, can 
lead to persistence of hindfoot deformity [37]. Since 
US is an excellent imaging technique for evaluating 
superficial soft tissues, including muscular units and 
myotendinous junctions, it can demonstrate AS accu-
rately [98]. US can help to differentiate the AS from 
other soft-tissue masses in the posteromedial region 
of the ankle and prevent potential pitfalls that could 
lead to unnecessary actions such as biopsy when 
swelling in the posteromedial compartment of the 
ankle is confused with a soft tissue tumour [13].

The AS is not common, but its occurrence is sig-
nificant in various conditions and it is important to 
know that it could be found during examination of the 
posteromedial compartment of the ankle and in diag-
nosis of any condition caused by swelling of this area.

Gastrocnemius muscle

The GM is usually described as a double-headed 
component of the posterior thigh that forms the 
belly of calf muscles [9]. The medial head originates 
from the upper posterior part of the medial femoral 
condyle and the lateral head from the upper part of 
the lateral femoral condyle [44]. The two heads fuse 
to form a single muscle belly at the lower part of the 
popliteal fossa and then, as the muscle declines, its 
fibres fuse with SM fibres and form the tendon that 
inserts on the calcaneus [44].

The GM seems quite variable. Numerous morpho-
logical variations have been described: lack of fusion 
of the medial and lateral heads, both heads replaced 
by fibrous bands, absence of the lateral head, lack 
of fusion between the GM and SM, and a sesamoid 
bone within the medial head [57]. However, the most 
common and clinically significant are additional heads 
of the GM [9, 57]. The most frequent of these is a 
three-headed variant called gastrocnemius tertius, 
with a prevalence of 7.5% [6]. This can originate from 
various locations such as lateral epicondyle of femur 
(Fig. 7), linea aspera, knee joint capsule, long head 
of biceps femoris muscle or crural fascia, or more 
than one location [57]. Its variable and unpredictable 
origin can make it uncertain whether it is indeed the 
gastrocnemius tertius or a doubled PM [44].

There are also reports of other multiple heads. 
Ashaolu et al. [9] reported a four-headed GM and 
called it quadriceps gastrocnemius. Rodriques et al. 
[94] presented a unique case of a six-headed GM.

Additional GM heads are clinically significant. Since 
the heads of the GM form the distal boundaries of 
the popliteal fossa, additional heads could narrow the 
distal triangle of the that fossa, which will not nec-
essarily remain asymptomatic [9, 44, 94, 112]. Such 
narrowing could lead to popliteal vessel or sural nerve 
entrapment syndromes; arterial stasis and aneurysm, 
venous stasis and impaired nerve function [9, 44, 57, 
94]. A symptomatic additional head of the GM usually 
manifests itself through aching pain, intermittent clau-
dication, tenderness of the popliteal fossa, history of 
leg swelling, or diminution of the pulse of the distal 
arteries in passive dorsiflexion of the ankle [57, 112].

A US specialist can find an additional head of 
the GM during examination of the popliteal fossa 
while seeking the cause of the previously-mentioned 
symptoms [57, 112]. Asymptomatic occurrence of  
a gastrocnemius tertius has been reported as easily 
noticeable during standard US examination [10]. How-

Table 7. Types of AS insertion

Type Definition

I Insertion along the Achilles tendon

II A tendinous structure and a fleshy insertion to the superior 
calcaneus region

III A tendinous structure and a fleshy insertion to the superior 
surface of the calcaneus

IV A fleshy insertion on the medial surface of the calcaneus

V A tendinous insertion on the medial part of the calcaneus
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ever, to check if it causes compression of the popliteal  
neurovascular bundle, colour Doppler examination 
should be performed [112]. During examination of 
the dorsiflexion position of the ankle, popliteal neu-
rovascular compression caused by an additional head 
manifests itself by disappearance of the sound of the 
posterior tibial or dorsalis pedis arteries [112].

Although an additional head of the GM does not al-
ways manifest itself with symptoms, when it compress-
es the popliteal neurovascular bundle it is significant 
and should be resected. That is why clinicians should 
be aware of such structures, especially since it is easily 
detected during US examination of the popliteal fossa.

Fibulocalcaneus (peroneocalcaneus) internus

The fibulocalcaneus (peroneocalcaneus) internus 
muscle (PCI), which also appears in the literature un-
der the name “muscle of MacAlister”, is an extremely 
rare accessory muscle (1% prevalence). Radiologists 
often declare it the least common of all accessory 

muscles of the ankle [3, 57, 58]. The PCI was first 
described by MacAlister [63] in 1872. Its rarity leads 
to an interesting situation: it is more frequently rec-
ognized during MRI imaging than during anatomical 
dissection. In fact, since this muscle was first de-
scribed, only one gross anatomical photograph of it 
has been taken during dissection [58].

The PCI is quite variable as well as infrequent. The 
most common description of it indicates the medial 
aspect of lower half/third of the fibular diaphysis as 
its position of initial attachment, distal to the flexor 
hallucis longus muscle (FHL) origin and around 2–3 cm 
above the tibiotalar joint. The tendon can pass the sur-
face of the sustentaculum tali lateral to the FHL tendon 
and insert into the medial calcaneal surface, inferiorly 
or directly to the sustantaculum cali [12, 69, 97] (Fig. 
8). In a case study by Lambert et al. [97] the PCI was 
classified on the basis of four features: (1) position of 
origin, lower part of fibula; (2) alignment in relation 
to the FHL course, parallel and lateral; (3) positioning 
relative to the tarsal tunnel, lateral or within; (4) posi-
tion of insertion, inferior aspect of medial calcaneus.

The function of the PCI was not particularly ex-
plored in the literature of the nineteenth or twenti-

Figure 7. Schematic drawing of the gastrocnemius tertius with 
additional head origin from the lateral epicondyle of femur; lhGM 
— lateral head of the gastrocnemius muscle; mhGM — medial 
head of the gastrocnemius muscle; ahGM — additional head of the 
gastrocnemius muscle.

Figure 8. Schematic representation of the peroneocalcaneus inter-
nus muscle position; FHL — flexor hallucis longus muscle; PCI — 
peroneocalcaneus internus muscle.
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eth century, although its actions were described by 
Perkins et al. [88] in 1914 as assisting during plantar 
flexion in movement at the ankle joint and in markedly 
encouraging supination and inversion of the foot.

Even though the PCI is rare, it can be important 
for MRI and ultrasound imaging, potentially leading 
to misdiagnosis because its anatomical position can 
mislead and lack of knowledge of it can cause it 
to be confused with the FHL or an accessory flexor 
digitorum longus muscle (AFDL) [21, 28, 42, 58]. The 
FHL is an important landmark for posterior hindfoot 
arthroscopy, its tendon serving as a secure margin 
line, since at this level the tibial neurovascular bun-
dle is located superficially and posteromedially to 
the FHL, which allows safety to be achieved during 
lateral and anterior instrumentation of the FHL [42, 
90]. The PCI can also be misidentified as the AFDL, 
during MRI or US searches for the cause of tarsal 
tunnel syndrome. The confusion can arise because 
both those muscles travel similar courses, although 
the key distinguishing feature between them is the  
position of insertion. While the PCI inserts into  
the medial calcaneal surface inferiorly or directly to the  
sustentaculum tali, the AFDL has a muscular insertion 
on either the flexor digitorum longus muscle (FDL) or 
the quadratus plantae [42]. The distinction between 
these two muscles can also be important because the 
AFDL is more closely applied to the posterior tibial 
neurovascular bundle than the PCI, so it is more likely 
to be associated with nerve impingement [21].

According to the literature, the PCI can also cause 
posterior ankle impingement. Seipel et al. [97] de-
scribed a case of a 14-year old boy who complained 
of tenderness in the posterolateral and posteromedial 
aspects of the hindfoot, while prone examination 
gave no positive posterior ankle impingement test. 
The boy had undergone unsuccessful prolonged 
physiotherapy, which comprised stretching, peroneal 
strengthening, subtalar stabilization and propriocep-
tive work. The potential cause of this condition, bilat-
eral PCIs, was revealed only by imaging. In order to 
relieve the symptoms it was decided to excise the PCI; 
complete resolution of the symptoms followed. The 
PCI was reported as a cause of tarsal tunnel syndrome 
in an US pictorial review by Soares et al. [101] who 
presented a case of 27-year-old woman with history 
of pain in the left foot; the PCI was visible during 
longitudinal and axial imaging. However, according 
to Howe et al. [42] US imaging of the PCI is limited 
in respect of accurate identification and depiction of 

the tendon insertion because its position is relatively 
deep and the sustentaculum tali causes shadowing.

Although the PCI is extremely rare, it can confuse 
diagnoses in several ways, leading to misinterpreta-
tion not only of US images but also of MRI scans if 
they are interpreted by someone who is not aware of 
the possibility of this accessory muscle. This highlights 
the importance of raising awareness of the PCI among 
clinicians and of emphasizing that US is not always 
the best method for portraying it.

Tibialis posterior muscle

The TP originates from upper two-thirds of pos-
terior surface of fibula and upper two-thirds of the 
posterior surface of tibia and posterior surface of 
interosseous membrane of the leg and forms tendon, 
that passes medial malleolus of the tibia posteriorly, 
trough the tarsal tunnel and that inserts onto plantar 
surface of tarsal bones, mostly navicular and medial 
cuneiform bone and onto cuboid, cuneiform bones 
and second, third and fourth metatarsal bones [72].

Even though several variations of TP were noted, the 
most significant variability occurs on its distal attach-
ment. TP can be inserted as one tendon, or with addi-
tional bands — one onto lateral cuneiform bone, two 
— to the lateral and medial cuneiform bones (Fig. 9),  

Figure 9. Schematic representation of the triple tibialis posterior 
muscle distal attachment; TPT — tibialis posterior muscle tendon; 
MCB — medial cuneiform bone; LCB — lateral cuneiform bone.
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metatarsal bones or even quadriple insertion can be 
present [77]. Olewnik et al. [77] proposed four-fold 
classification based on dissection of 80 lower limbs 
(Table 8). Interestingly during anatomical dissections 
of 118 lower limbs carried out by Park et al. [87] other 
variations than presented by Olewnik et al. [77] were 
noticed, so the author proposed supplementation of 
previously introduced classification (Table 9). 

Posterior tibial tendon disfunction (PTTD) is  
a pathological condition that affects 5% to 15% of 
population, that can progress to adult acquired flat-
foot deformity (AAFD) [71]. PTTD might be induced 
owing to overloading the TP tendon during activities 
such as running, walking or hiking and since such 
sports are more commonly undertaken by amateur, 
the incidence of PTTD and resulting AAFD increase 
[107]. Knowledge and understanding of highly var-
iable anatomy of the TP tendon is extremely impor-
tant in AAFD treatment, since it might impose the 
method of treatment and eventual surgical approach 
[87], therefore performance of imaging study during 
pre-operational process seems mandatory. Currently 
MRI is perceived as gold standard for PTTD, how
ever according to Arnoldner et al. [7] 18 Hz HR-US is 

equally accurate as 3T MRI, moreover comparison to 
surgical findings shows somewhat higher accuracy 
towards HR-US. Given this fact, clinicians should be 
aware not only of the fact that PT tendon shows 
extraordinary variability, but especially that during 
imaging accessory tendinous bands might occur and 
affect decision about further treatment.

Flexor digitorum longus muscle

The FDL originates from medial part of posterior 
surface of the tibia, inferior to soleus and medial to 
PT, by a brad tendon to fibula and above the ankle 
joint gives off a tendon that inserts onto the bases 
of the distal phalanges of the lateral four digits [72]. 

The FDL is mostly variable in tendinous connections 
that occurs between FDL and FHL. Other variations 
such as additional slip to the fifth toe were also noted 
[104]. Although the most frequently observed accesso-
ry muscle of the leg — previously mentioned AFDL is 
also a variation of the FDL [104]. This additional muscle 
presents variable origin to the tibia, fibula, tibia and 
fibula, deep muscles of the posterior compartment 
of the leg and intermuscular septum, muscle belly 
transforms into tendon, travels through tarsal tunnel 

Table 8. Classification for the Tendon of Insertion of TP by Olewnik et al. [77]

Type Description Occurrence 

I Typical insertion with single attachment onto navicular and medial cuneiform bone 16.25%

II Typical insertion like in type I with additional tendinous band to the lateral cuneiform bone 22.5%

III Triple attachment with main tendon that courses like in type I, with additional bands 43.75%

Subtype IIIA Accessory bands onto medial and lateral cuneiform bones

Subtype IIIB Bands onto lateral and intermediate cuneiform bones

Subtype IIIC First accessory band onto second/third/fourth /fifth metatarsal bone and second band with insertion onto the 
second metatarsal bone

IV Quadriple attachment with main tendon that courses like in type I, with accessory bands 17.5%

Subtype IVA Accessory bands onto plantar calcaneocuboid ligament, cuboid bone and flexor hallucis brevis muscle (FHB)

Subtype IVB  First and second bands are organized anteriorly to the third

Subtype IVC First and second bands are arranged posteriorly to the third one

Table 9. Supplementation of Olewnik et al. [77] classification for the Tendon of Insertion of TP, presented by Park et al. [87]

Subtype Description Occurrence 

IIIK First accessory tendon inserts onto lateral cuneiform bone and second accessory tendon inserts onto fibrotendinous origin  
of the FHB 

9.3%

IVK-1 Accessory bands attach onto intermediate and lateral cuneiform bones and onto fibrotendinous origin of the FHB 21.2%

IVK-2 Accessory bands onto second metatarsal and second/third/fourth/fifth metatarsal and fibrotendinous origin of the FHB 32.2%

IVK-3 Accessory bands onto lateral cuneiform, fourth metatarsal and origin of the FHB 11%

IVK-4 Additional bands that attaches conjointly onto fibularis longus and first metatarsal bone, cuboid bone and origin of the FHB 1.7%
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and inserts onto FDL and/or quadratus plantae [21, 57] 
(Fig. 10). Since this muscle lays within the tarsal tunnel 
its presence might cause compression of the posterior 
tibial neurovascular bundle and result in tarsal tunnel 
syndrome development. According to Kinoshita et 
al. [52] AFDL was found to cause such constriction in 
12% of cases. Eberle et al. [29] presented AFDL that 
passed into the foot and into fibro-osseus tunnel 
below the same part of the retinaculum as the FHL, 
what resulted in tethering of the flexor tendons, that 
resembled flexor hallucis syndrome. 

During diagnosis of both tarsal tunnel and flexor 
hallucis syndrome some kind of imaging study must 
be undertaken. As previously mentioned AFDL can be 
easily mistaken for the PCI muscle during both ultra-
sound imaging and MRI scanning due to the course of 
both muscles [21, 42]. In order to distinguish the most 
and the least common accessory muscles of the leg one 
must look closely at the distal attachments of those 
variations, since in most cases there can be found the 
defining feature. AFDL inserts to FDL and/or quadratus 
plantae whereas PCI into the medial calcaneal surface 
inferiorly or directly to the sustentaculum tali [42].

Flexor hallucis longus muscle

According to medical textbooks, FHL originates 
from inferior two thirds of posterior surface of fibula 
and inferior part of interosseous membrane [72]. Its 
tendon passes through the tarsal tunnel where it 
crosses the FDL tendon and runs towards its site of 
insertion — base of the distal phalanx [72]. 

The FHL muscle presents certain variability. Xarchas  
et al. [110] reported absence of the FHL tendon con-
nected with additional fifth band that arose from the 
FDL to the great toe. However, previously mentioned 
connections between FHL and FDL, especially single 
slip extending from FHL tendon to FDL tendon distally 
(Fig. 11) are the most frequent [57]. Those commu-
nications were assigned into VII types with variable 
frequency in different studies (Table 10).  

Such tendinous connections have great clinical sig-
nificance. FHL and FDL transfers are commonly used in 
reconstructive surgeries such as PTTD, chronic Achilles 
tendon or peroneal tendon rupture [91]. Communi-
cation between FHL and FDL will influence the length 

Figure 10. Schematic drawing depicting the accessory flexor digi-
torum longus muscle position; AFDL — accessory flexor digitorum 
muscle; QP — quadratus plantae.

Figure 11. Schematic representation of ,,single slip” type of con-
nection between flexor hallucis longus muscle and flexor digitorum 
longus muscle tendons; FHL — flexor hallucis longus muscle; FDL 
— flexor digitorum longus muscle; *master knot of Henry; **slip of 
intertendinous connection.
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of the graft that can be harvested for such surger-
ies. Performance of imaging study before harvesting 
those tendons especially since their wide variability 
might surprise clinicians and thwart treatment plans. 
Another reason for implication of imaging study is 
that eventual errors during harvesting surgery might 
imply multiple complications like weakness in the little 
toes, wound morbidity and neurovascular injury [91].

CONCLUSIONS
The morphological variants presented in this study 

can potentially cause pitfalls during US imaging. In 
order to prevent confusion, misinterpretation, misdi-
agnosis and the introduction of erroneous methods 
of treatment, research on the use of US for locating 
morphological variants is required. The importance 
of US imaging has grown because it has recently be-
come more accessible, so it is more frequently used 
by clinicians for diagnosis.
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