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a b s t r a c t
The causes of metatarsalgia are classiﬁed as primary, secondary, and iatrogenic. Anatomical and
biomechanical considerations separate “static” from “propulsive” forms of metatarsalgia. The physical
examination should be combined with an assessment of weight-bearing radiographs and, if needed,
of ultrasound or magnetic resonance imaging scans. The ﬁrst-line treatment is conservative (stretching exercises, footwear modiﬁcation, insoles, and lesion debridement). Soft-tissue surgical procedures
(gastrocnemius muscle recession, tendon transfer, and plantar plate repair) should also be considered.
Among the various types of metatarsal osteotomy, the Weil procedure is reliable. Percutaneous methods
are being developed but require evaluation. A treatment algorithm can be developed based on whether
the hallux is normal or abnormal. Metatarsalgia due to inﬂammatory disease requires a speciﬁc treatment
strategy.
© 2016 Published by Elsevier Masson SAS.

1. Introduction
Metatarsalgia is deﬁned as pain in the forefoot under one or
more metatarsal heads. Treatment strategies are guided by the
multifactorial nature of metatarsalgia, which results from variable
combinations of congenital, acquired, and/or iatrogenic factors.
Surgery as a treatment for metatarsalgia remains controversial. The
many available procedures range from extensive surgery to local
intervention dictated by the symptoms and ﬁndings from the physical and radiographic evaluations. A thorough understanding of the
biomechanical and anatomical causes of metatarsalgia is crucial to
ensure selection of the optimal treatment.
The forces applied to the forefoot can cause metatarsalgia of
varying severity. Their distribution varies with physical activities, age, footwear, posterior muscle chain ﬂexibility, and forefoot
morphology. Biomechanical factors explain 90% of all cases of
metatarsalgia.
The causes of metatarsalgia are classically divided into three
groups: primary, secondary, and iatrogenic after forefoot surgery
[1]:
• primary metatarsalgia is due to anatomical characteristics of the
metatarsals (M) that affect their relations to one another and to
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the rest of the foot. For instance, forces through M2 are increased
in patients with congenital brevity of M1 or acquired hallux valgus. Other causes include disproportionate length of M2 or M3,
congenital deformities of the metatarsal heads, tightness of the
gastrocnemius muscles or triceps, ﬁxed equinus of the foot, pes
cavus, and any hindfoot abnormality that results in overloading
of the forefoot;
• secondary metatarsalgia is caused by conditions that increase
metatarsal loading via indirect mechanisms. One such mechanism is chronic synovitis, which induces overextension of the
metatarsophalangeal (MTP) joints and atrophy with distal migration of the plantar fat pad. Thus, metatarsalgia may develop in
patients with rheumatoid arthritis, gout, or psoriasis. Secondary
metatarsalgia may also be due to neurological disorders (e.g.,
Charcot-Marie-Tooth disease), metatarsal malunion, or sequelae
of Freiberg disease;
• the development of forefoot surgery has increased the incidence of iatrogenic metatarsalgia. Thus, hallux valgus surgery
may cause excessive shortening and/or elevation of M1, thereby
overloading the mid-foot rays. Lateral metatarsal osteotomy may
result in excessive shortening, elevation, or depression; delayed
union or nonunion; or restriction of the range of extension. Isolated excision of a metatarsal head causes overloading of the
adjacent head. Isolated excision of the base of the proximal phalanx (P1) also induces load transfers.

The objective of this review is to answer six questions relevant
to the selection of the optimal treatment for metatarsalgia.
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2. What are the anatomical and biomechanical factors
responsible for metatarsalgia?

3. Is the assessment of metatarsalgia chieﬂy clinical?

The underlying cause of metatarsalgia is the repeated transfer
of forces and plantar pressures to the forefoot during the gait cycle.

Accurately locating the pain is the ﬁrst step: plantar metatarsalgia should be distinguished from dorsal pain or pain due to bursitis
or a toe deformity.

2.1. Anatomical factors

3.1. Physical examination

The metatarsal heads are aligned along a harmonious curve, as
described by Lelièvre. During weight-bearing, the ﬁve metatarsal
heads are at the same distance from the ground. The angle between
the bone and the ground decreases from the M1 (20◦ ) to M5 (5◦ ).
The metatarsals are connected by the transverse inter-metatarsal
ligament and, therefore, act together as a single functional unit.
At the MTP joints, the soft-tissues are strengthened by ﬁbrocartilaginous plantar plates, which are functional weight-bearing
structures that prevent dorsal dislocation of P1.
The toes are a distal functional extension of the metatarsal
heads. Any functional deﬁciency of the toes impairs both shock
absorption and propulsion, while also increasing the pressure
applied to the metatarsal heads. The hallux is powered by strong
muscles and plays a major role in propulsion during toe-off (third
rocker phase). The static and dynamic mechanical actions of the
ﬁrst ray are pivotal in the development of pain from the lesser
metatarsals.

An overall gait analysis is crucial.
Malalignment of the lower limb and/or foot should be sought
with the patient standing. The overall shape of the foot (e.g., pes
planus or pes cavus) should be described in detail. Deformities
should be characterised as reducible or ﬁxed. Another important
consideration is the relationship between the forefoot and the
hindfoot. Idiopathic pes cavus, which is a very common cause of
metatarsalgia, is responsible for callosities at the middle of the sole
or, when the forefoot is affected, under the M1, M4, and/or M5
heads. Pes cavus may also cause posterior heel pain.
The most important step of the patient assessment in the supine
position consists in performing the manoeuvres described by Silfversköld [3] to detect tightness of the gastrocnemius muscles,
either alone or in combination with the soleus muscle. Passive
ranges of motion of the ankle, subtalar joint, and mid-foot joint
should be recorded. The forefoot should be examined for hallux
valgus and to determine the location of the metatarsalgia, any keratosis, and any scars from previous surgical procedures. The range
of motion of each MTP joint should be recorded.
Patients with “static” metatarsalgia have diffuse keratosis over
the sole of the foot, as well as callosities under the metatarsal
heads. In “propulsive” metatarsalgia, in contrast, the plantar keratosis is more localized and extends variably from the metatarsal head
towards the toe, where the base of P1 is painful. Each metatarsal
joint and inter-metatarsal space should be palpated carefully.
Dorsal dislocation or anteroposterior instability (drawer sign) of
an MTP joint indicates damage to the plantar plate. Osteophytes felt
at the dorsal aspect of the M2 head are sequelae of Freiberg’s disease. Deformities of the MTP joints, proximal interphalangeal (PIP)
joints, and/or distal interphalangeal (DIP) joints should be assessed
to determine whether they are reducible or ﬁxed.
Second ray syndrome or painful MTP joint instability was ﬁrst
described in France in 1978 by Denis et al. [4] and in the USA by
Mann and Mizel [5]. Other rays may be affected, however. The condition progresses through three stages: synovitis with instability
(drawer sign), reducible subluxation, and ﬁxed dislocation. Thompson and Hamilton [6] suggested a four-grade classiﬁcation system
for MTP joint instability: grade I, no laxity; grade II, the base of P1
can be dislocated; grade III, the joint is dislocated but reducible;
and grade IV, the joint is dislocated and not reducible. For lateral
instability (crossover toe), Coughlin developed a four-grade classiﬁcation: synovitis and minor deviation (< 1/3), moderate deviation
(2/3), supraductus (crossover toe) without dislocation (> 2/3), and
supraductus with dislocation.
The last step of the physical examination is a careful neurological
and vascular assessment (pulses and sensation).

2.2. Factors responsible for metatarsal head overloading
The loads and pressures applied to the metatarsal heads depend
on the length of the metatarsal bones and on the position of their
heads relative to the ground. The mechanical factors involved in
metatarsalgia are best understood in the light of the rocker concept
developed based on gait cycle studies [2].
The “second rocker” phase (or stance phase, when the foot is
ﬂat on the ground, until the heel starts to lift-off the ground, 10% to
30% of the gait cycle) is controlled by eccentric contraction of the
gastrocnemius muscles. During this mid-stance phase, if one or several metatarsal heads are closer to the ground than the others, then
pressure on the corresponding MTP joints is increased. The result
is “standing” or “static” metatarsalgia (as opposed to propulsive
metatarsalgia).
Two factors dictate the position of the metatarsal head in the
coronal plane: metatarsal slope (plantar ﬂexion), which depends on
constitutional and/or acquired anatomical factors; and metatarsal
motion, which is a functional factor governed by the Lisfranc joint.
The Lisfranc joint has three functional components:
• lateral (4th and 5th rays), which chieﬂy provides dorsal ﬂexion
(10◦ to 25◦ ) and contributes to lateral deceleration during walking;
• central (2nd and 3rd rays), which is constrained and has a limited
range of motion that explains the frequency of central metatarsalgia;
• medial (1st ray), providing plantar ﬂexion (5◦ to 10◦ ) and the
pronation required for the propulsive action of the hallux.
Osteoarthritis of the Lisfranc joint consistently leads to overloading of the central metatarsal heads.
The “third rocker” phase (30% to 60% of the gait cycle) is the
push-off phase (from heel lift-off to the end of propulsion by the
great toe). “Propulsive” metatarsalgia related to the length of the
metatarsal bones may occur during this phase. Excessive metatarsal
length results in repetitive overloading of the soft-tissues, most
notably the plantar plate.

3.2. Imaging studies
The radiological evaluation relies mainly on standard weightbearing radiographs of both feet and ankles.
The hindfoot should be examined on Méary’s anteroposterior
view of the ankle (with a metal wire circling the hindfoot or a metallic marker placed on either side of the heel) or on Saltzman and
El-Khoury’s view [7]. Weight-bearing anteroposterior and lateral
radiographs of both feet are sufﬁcient to evaluate the forefoot. Digital radiography allows uniform visualisation of the entire foot on
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• in the ‘M2M3 long’ morphotypes (long M2, long M3, long M2M3,
long M2M3 and long M2), the SM4 line remains centred on the
middle third of the M4 head, but the geometric progression is
altered;
• in the ‘M4M5 hypoplasia’ morphotypes, which predominate
in patients with hallux valgus, the SM4 line runs distal to
the middle third of the M4, and four subgroups can be
distinguished according to the alteration in the geometric
progression;
• in the third non-harmonious morphotype, M1 is long;
• and a fourth morphotype can be identiﬁed, i.e., the short M1 morphotype, in which M1 is shorter than M2 by at least 7 mm and the
SM4 line runs proximal to the head of M4 [11].

Fig. 1. Measurement of Maestro criteria and of the M1M2 index. (The red circles
indicate geometric tools used to identify the centre of the lateral sesamoid and the
centre of the head of the fourth metatarsal; the yellow arrows indicate the distance (in mm) between the tops of the metatarsal heads and the SL-M4 line; and
the curved arrows indicate the length differences between adjacent metatarsals;
−3.4 mm: index M1–M2; 3,7,12 mm: Maestro criteria; 1 mm: distance SM4 line vs
centre of M4 head).

the anteroposterior view, making the double-exposure technique
obsolete.
The anteroposterior view can conﬁrm a diagnosis of hallux valgus and/or of lateral or medial deviation of the lesser MTP joints. The
metatarsal heads are normally seen as a curved cascade known as
Lelièvre’s parabola. This qualitative description has been quantiﬁed
by Maestro and Besse, who differentiated several forefoot morphotypes [8,9]. The relative length of each metatarsal is determined
by drawing a line perpendicular to the axis of the foot then measuring the distances (in millimetres) from each metatarsal head to
this line (Fig. 1), while also taking into account the relationship
between the length of M1 and the length of the remainder of the
forefoot. The SM4 deceleration-propulsion line runs through the
centre of the lateral hallux sesamoid (which serves as the fulcrum
of the ﬁrst MTP joint) and the centre of the fourth metatarsal head.
A radiologically harmonious forefoot is deﬁned as having an SM4
line perpendicular to the axis of the foot (through the apex of the
M2 head and the midpoint of the hindfoot) (Fig. 1), as well as a geometric progression of the lesser metatarsals by a factor of 2. Three
non-harmonious morphotypes can be identiﬁed based on the relative distances separating the lesser metatarsals from the SM4 line
(Fig. 2). Within these morphotypes, numerous subgroups can be
differentiated [10]:

Maestro et al. and Besse et al. [10,12] suggested using these morphotypes for the preoperative planning of forefoot osteotomies.
Corrections are conﬁned to symptomatic rays. The goal is to move
towards the ideal morphotype, but with a tolerance of 2 mm
in either direction, to avoid causing transfer metatarsalgia and
without altering the asymptomatic rays to achieve a ‘normal’ radiological appearance of the forefoot.
The lateral weight-bearing radiograph serves to evaluate the
arch and metatarsal slopes and to look for M1 elevatus and/or dorsal
MTP subluxation.
Magnetic resonance imaging (MRI) can contribute to the
diagnosis of Morton’s neuroma, inter-metatarsal bursitis, ﬂexor
tenosynovitis, or a plantar plate lesion.
Ultrasonography is a less expensive option that provides valuable information on plantar plate dynamics. Borne et al. [13]
described a ﬁve-stage classiﬁcation system: 0, normal; 1, synovitis
and effusion with ultrasound signal abnormalities; 2, plantar plate
rupture (sometimes seen only on dynamic testing); 3, plantar plate
rupture with a reducible dislocation; and 4, plantar plate rupture
with a ﬁxed dislocation.

4. Should conservative (non-operative) treatments be used
ﬁrst?
Once the physical and radiological evaluation is complete,
the etiological factors should be corrected and local measures
taken to relieve the pain. The ﬁrst-line treatment is conservative, and surgery should be considered only when conservative
treatment fails. Nevertheless, there is little high-level evidence
(level I) to support the efﬁcacy of conservative treatments for
metatarsalgia [14].

Fig. 2. Examples of metatarsal morphotypes: normal harmonious morphotype, M2 long morphotype, M4M5 hypoplasia morphotype. (The white circles contain the values
of the three Maestro criteria; PM: plus/minus index M1M2; M: minus index M1M2; Long or High criteria: value too high; Geometrical criteria: normal value).
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Fig. 3. Gastrocnemius exercises. 1. Stretching (20 minutes per day). 2. Postures (in the bathroom). 3. Inversed-slope shoes (worn at home).

4.1. Stretching exercises
Tightness of the gastrocnemius muscles or triceps is common.
The patient can be taught stretching exercises to be performed
daily. They fall into three main types (Fig. 3):
• active stretching of the calf, with the middle of the foot on a step
and the knee extended, by lowering the heel as far as possible
then keeping it in the lowered position for at least 10 seconds (3
series of 20 exercices – that is, 20 min/day);
• postural exercises to be performed in the bathroom while shaving, applying makeup, or brushing the teeth: the patient stands
on a slant board that maintains the ankles in maximum dorsal
ﬂexion, with the upper body vertical;
• wearing inverse-slope shoes at home: e.g., shoes in which the heel
sits lower than the forefoot (commercially available, essentially
for women, as shoes intended to strengthen the gluteal muscles),
to stretch the gastrocnemius muscles while walking.

that is not overly ﬂexible. A rocker-bottom sole may be helpful [16]
(e.g., Masai Barefoot TechnologyTM shoes) (Fig. 4).
4.3. Insoles and toe inserts
Custom-made insoles are designed to correct hindfoot varus or
valgus, support the medial arch, transfer the pressure sites proximal
to the metatarsal heads, and decrease the loads on high-pressure
sites. By diminishing metatarsal head loading and redistributing plantar pressures in a harmonious manner [17,18], insoles
alleviate metatarsalgia [19]. A retrocapital bar or pad, proximal

In a randomised controlled trial by Gajdosik et al. [15], a 6-week
stretching programme increased the range of dorsal ankle ﬂexion
in healthy young women. Thus, the only available evidence that
stretching exercises may be effective is indirect, as it assumes that
decreasing the tightness of the gastrocnemius muscles alleviates
the metatarsalgia.
Splints designed to be worn at night to correct an equinus deformity may deserve consideration in severe metatarsalgia due to
neurological disorders.

4.2. Footwear modiﬁcations
The objective is to distribute the pressures uniformly over the
sole of the foot. The shoes should be comfortable, sufﬁciently long,
with a broad toe-box, a ﬂat heel, and a sufﬁciently thick outer sole

Fig. 4. Commercially available rocker-bottom shoes.
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Fig. 5. Tenodesis of the ﬂexor digitorum longus under P1 (secured to an anchor, with the toe extended).

to the metatarsal head or heads, displaces the pressure sites. If
needed, a cup can be added beneath the painful metatarsal head or
heads.
Custom-made toe inserts fashioned from silicone rubber can be
added in patients who also have claw-toe deformity.
4.4. Local treatment of plantar keratosis
Debridement using a scalpel or power burr decreases the thickness of the callus, thereby diminishing the local pressure, and also
alleviates the discomfort. Podiatrists are competent in performing
debridement of plantar keratosis. However, the excess skin formation recurs, since the underlying causes are not removed, and
debridement must therefore be repeated at regular intervals.
5. What is the role for soft-tissue surgery?
When all available conservative treatments fail, surgery is indicated to normalise the distribution of pressures over the sole of the
foot. Metatarsal osteotomies have acquired considerable popularity. Nevertheless, surgery can also target the soft-tissues.

The Girdlestone-Taylor procedure consists in transferring the
ﬂexor digitorum longus (FDL) tendon to the dorsum of P1 of the
same toe [22]. It was ﬁrst developed as a treatment for ﬂexible
claw-toe deformity but subsequently gained popularity for treating
painful instability of the second MTP joint [23]. In several studies, this procedure was followed by improved second toe function
and pain relief. Nevertheless, toe stiffness and/or incomplete correction with residual MTP joint subluxation may result in patient
dissatisfaction [24].
To avoid secondary hyperextension of the DIP joint, Pisani recommended transferring the ﬂexor digitorum brevis (instead of the
FDL) to the extensor [25]. Technical variants include FDL transfer to
the extensor through P1; however, correct tensioning is difﬁcult to
achieve. Valtin and Leemrijse advised FDL tenodesis to an anchor
implanted into the plantar aspect of the base of P1, with the toe
extended [26] (Fig. 5).
In patients with ﬁxed MTP joint dislocation, these tendon
transfer procedures can be combined with metatarsal shortening
osteotomy.

5.3. Plantar plate repair
5.1. Gastrocnemius muscle recession
This procedure targets the ankle equinus due to gastrocnemius
contracture and responsible for metatarsalgia. The strength of the
soleus muscle is not affected. Two methods exist: the Strayer procedure, which involves incision of the gastrocnemius aponeurosis;
and proximal release of the medial head of the gastrocnemius.
The Strayer procedure was ﬁrst devised as a treatment for spasticity but can also be used to alleviate metatarsalgia with tightness
of the gastrocnemius muscles [20]. A postero-medial incision is
created at the middle third of the calf, centred over the medial
gastrocnemius. The aponeurosis is exposed and cut transversally.
Walking can be resumed early after the procedure, in combination with stretching exercises. A splint maintaining the ankle in
the neutral position is worn at night for 4–6 weeks.
Proximal gastrocnemius release, as described by Barouk [21], is
an alternative to the Strayer procedure. In practice, only the medial
gastrocnemius needs to be released, as its proximal insertion is considerably more developed than that of the lateral gastrocnemius.
Walking is resumed immediately after the procedure.
5.2. Tendon transfers
Patients with claw-toe deformity may require MTP joint release,
extensor apparatus lengthening, or ﬂexor tenotomy (of the longus
and/or brevis ﬂexors).

Damage to the plantar plate can be accurately assessed using
arthrography and, more recently, MRI or ultrasonography. Primary
plantar plate repair can be performed through a curved plantar incision [27]. The ﬂexor tendon sheath is incised and the plantar plate
tears are sutured. Few studies have evaluated the outcomes of this
procedure [28–30]. Nevertheless, this technique may be helpful in
selected patients with MTP joint instability but no dislocation.
Plantar plate repair by suturing or tenodesis to the base of P1 can
be combined with a shortening metatarsal osteotomy via a dorsal
approach. The limited exposure raises technical challenges. This
repair method probably improves the outcomes of Weil osteotomy
in patients with MTP joint dislocation [31].
Since 2011, an increasing number of studies of plantar plate
repair procedures via the dorsal approach have been reported.
Coughlin et al. [32] classiﬁed plantar plate lesions into four
anatomic grades in order to develop a standardized repair strategy. Depending on the grade, they used different techniques (e.g.,
thermal shrinkage, primary repair, and tendon transfer), which
proved effective in improving various clinical parameters (toe
strength, plantar grip, and joint stability) and radiographic parameters [33]. Sophisticated suture-passing instruments have been
designed speciﬁcally for this procedure [34]. They range from
costly systems (e.g., Mini ScorpionTM , Arthrex, Naples, FL, USA; HatTrickTM , Smith-Nephew, London, UK) to simpler devices (1.0-mm
pin bent into a Ninja serpent shape, suggested by Nery et al. [32]).
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6. Can a single type of metatarsal osteotomy be
recommended?
Metatarsal osteotomy was ﬁrst described in 1916 by Meisenbach. Since then, many different techniques have been used to treat
malalignment of the lesser rays [1]. They can be classiﬁed based on
either the site of the cut (proximal basal, diaphyseal, or distal) or
the biomechanical effect (elevation and/or shortening).
6.1. Discarded procedures on the metatarsals and phalanges
The techniques described below should no longer be used.
6.1.1. Isolated resection of the base of P1
This procedure was introduced as a treatment for MTP joint
dislocation. It leaves a ﬂoating-toe that is shortened and hyperextended. The metatarsalgia persists. Surgical revision is difﬁcult
and produces unreliable outcomes.
6.1.2. Isolated resection of the head of M2, M3, or M4
After this procedure, the metatarsalgia may transfer to the
undersurface of the adjacent metatarsals. Isolated resection of a
metatarsal head remains widely used to treat perforated forefoot
ulcers in diabetic patients but, again, the lesion may recur under
the adjacent head [35]. Consequently, instead of resection of a toe
or single metatarsal head, we advocate complete trans-metatarsal
amputation of the ray, particularly for the second and ﬁfth rays, as
this procedure produces highly satisfactory outcomes [36].
6.1.3. Helal osteotomy of the metatarsal diaphysis
In 1975, Helal described an oblique osteotomy of the metatarsal
diaphysis with a long cut starting proximally at the dorsal, and ending distally at the volar, aspect of the bone. Fixation is not performed
and weight-bearing is relied on to shorten and elevate the distal
fragment to the appropriate level. Several technical modiﬁcations
(e.g., bone suture) were introduced secondarily. Nevertheless, this
procedure remained associated with a high rate of complications
including nonunion due to the absence of internal ﬁxation, symptomatic malunion, and transfer metatarsalgia. Winson et al. [37]
and Trnka et al. [38] documented poor outcomes in over 40% of
patients and recommended discarding this technique.
6.2. Basal metatarsal osteotomy
Several techniques have been described (e.g., by Mau in 1940,
Giannestras in 1954, Scarlato in 1971, Denis in 1984 [basal chevron
technique], and Barouk in 2003 [BRT, Barouk-Rippstein-Toullec]
[39]). They are indicated in malalignment metatarsalgia without
MTP joint dislocation. However, even with internal ﬁxation, optimal elevation of the osteotomy is difﬁcult to achieve. No published
data are available on the outcomes of BRT-type basal osteotomy
with internal ﬁxation.
Diaphyseal osteotomies also raise challenges in controlling the
degree of elevation. In addition, the nonunion rate is high. These
techniques should no longer be used.
6.3. Distal metatarsal osteotomies
Many techniques of distal osteotomy at the metatarsal neck
have been developed to shorten and/or elevate the metatarsal head.
Stability is better than with basal or diaphyseal osteotomies. However, as with all joint surgery, risks include necrosis and, above all,
stiffness.

6.3.1. Gauthier osteotomy
A distal wedge with the acute angle at the plantar aspect is
removed to produce limited shortening with elevation of the head
[40]. Both the osteotomy and its ﬁxation are fairly difﬁcult to
achieve. By changing the orientation of the head, this procedure
provides excellent outcomes in Freiberg disease [41].
6.3.2. Weil osteotomy
The distal cervico-cephalic osteotomy technique described by
Weil in 1991 and popularised in France by Barouk [42] is now the
most widely used metatarsal osteotomy in Europe. Nevertheless,
this procedure has generated considerable controversy.
A dorsal longitudinal or transverse incision is performed. A minimally invasive method is used to expose each MTP joint between
the extensor digitorum longus and brevis tendons, without lengthening the tendons or cutting the collateral ligaments, except in
patients with ﬁxed or axial dislocation requiring joint release. The
cut should be as horizontal as possible. A double-layer cut may be
needed to remove a slice of bone when length must be decreased by
more than 4 mm, to avoid plantarisation of the head and to improve
intrinsic muscle function (Fig. 6).
When planning the Weil osteotomy, the relative lengths of the
metatarsals should be measured according to Besse et al. [12].
This precaution avoids undercorrection responsible for recurrent
metatarsalgia or overcorrection with transfer metatarsalgia. The
hypothesis that the metatarsal head naturally shifts proximally,
to the optimal position, is now widely believed to be invalid. In
patients with clinodactyly or crossover toe, lateral or medial translation into the concavity of the deformity can be combined with
the shortening osteotomy [43]. Internal ﬁxation is with a snap-off
screw or 2.5-mm cannulated screw; the threaded pin cut to size
that was used initially has been discarded. The foot is strapped to
exert mild compression and to maintain the MTP joints in plantar
ﬂexion, for 3 weeks. Full weight-bearing is started immediately,
with a stiff-soled rocker-bottom shoe to be worn for 4 weeks.
The Weil osteotomy has been proven effective in many studies for alleviating metatarsalgia related to disproportionately long
metatarsals [44–47]. The main complication is stiffness [48], with
limitations in both plantar and dorsal ﬂexion and a ﬂopping toe
[49] in 12% to 30% of patients. This complication is due to multiple
factors. It can be prevented by using a minimally invasive technique, with small incisions, removal of a slice of bone and, most
importantly, daily rehabilitation exercises taught to the patient
and carried out for several months. Nevertheless, a proximal shift
in metatarsal head position, regardless of the technique used to
achieve it, consistently causes intrinsic muscle deﬁciency due to the
shortening of the metatarsal and may also cause loss of harmony in
the actions of the extrinsic muscles. These effects explain the crucial importance of prolonged self-rehabilitation to strengthen the
intrinsic muscles, a method shown to gradually increase range of
motion, with good results over 1 year after the procedure [50].
6.3.3. Minimally invasive distal metatarsal metaphyseal
osteotomy (DMMO)
For 15 years in Spain [51] and more recently in France, percutaneous distal metatarsal metaphyseal osteotomy (DMMO) has
gained ground, so that this procedure now tends to be preferred
over the Weil osteotomy. This change may merely reﬂect the
ebb and ﬂow of fashion, with the enthusiasm raised by the Weil
osteotomy in the 1990s being dampened by the discovery of pitfalls and limitations then moving on to a new target. However,
DMMO is an apparently simple technique and is rapid to perform,
resulting in cost savings of interest in the current era of resource
scarcity.
The instruments consist of a no 11 scalpel blade, a bone rasp
(elevator) designed speciﬁcally for percutaneous surgery, and a
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Fig. 6. Weil osteotomies: (a) indicated for metatarsalgia with subluxation of the second ray and the M4M5 hypoplasia morphotype (M2 long); (b) double-cut technique; (c)
radiological outcome after 1 year. Drawings: Anne-Christel Rolling.

low-speed power burr (< 8000 rpm). A stab incision is made dorsally over the medial or lateral side of the metatarsal head, parallel
to the extensor tendon. The rasp is inserted to strip the soft-tissues
off the sub-capital edge and superior aspect of the metatarsal neck.
The power burr is held at a 45◦ angle, inserted at the metaphysealepiphyseal junction, and moved in a circle to cut the cortices at the
medial, plantar, lateral and, ﬁnally, dorsal aspects of the metatarsal
(Fig. 7). The degree of elevation and/or shortening can be modulated by adjusting the orientation of the power burr relative to the
axis of the metatarsal. No internal ﬁxation is used. Instead, early
weight-bearing in a stiff-soled shoe is relied on to ensure optimal positioning of the head. As with the Weil osteotomy, a speciﬁc
bandage is worn for 4 weeks.
Little published data is available to support the superiority
of this technique. We reported the ﬁrst study, in which DMMO
was compared to the Weil osteotomy [52] to treat three or four

lateral metatarsals. No differences were found between the two
groups for the AOFAS score, residual metatarsalgia, or MTP joint
motion range after 1 year. Nevertheless, the time to postoperative
recovery was longer after DMMO, due to higher incidences of
both oedema (58% vs. 29%) and residual metatarsalgia (24% vs. 7%)
after 3 months. No patients experienced nonunion, but the time to
healing was longer after DMMO, explaining the longer durations of
oedema and pain with this procedure. The radiographs taken after
DMMO showed that all three lateral metatarsals shifted proximally
by about 4 mm, thus leaving the initial disharmonious morphotype, which was usually asymptomatic. In the Weil osteotomy
group, the proximal shift of the metatarsal heads was as planned
preoperatively.
In contrast to other published evaluations [49,53], our work [52]
and a previous study by Devos et al. [44] showed good MTP joint
motion range, an outcome probably ascribable to the minimally

Fig. 7. Distal metaphyseal metatarsal osteotomy (DMMO): (a) orientation of the cut; (b) power burr applied to the medial cortex of the metatarsal neck; (c) intraoperative
radiograph. Drawings: Anne-Christel Rolling.
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Fig. 8. Outcome of Weil osteotomy after 12 months: (a) anteroposterior weight-bearing radiograph; (b) dorsal ﬂexion of the lesser rays; (c) plantar ﬂexion of the lesser rays.

invasive technique used for the Weil osteotomy and to the intensive
self-rehabilitation programme followed in both studies (Fig. 8).
Thus, no proof exists that DMMO provides better MTP joint
motion range compared to the Weil osteotomy. Similar to all
forefoot osteotomy techniques, DMMO can induce complications such as uncontrolled elevation with transfer metatarsalgia

under M1 and M5 (after DMMO of the second, third, and fourth
rays), malunion in plantar ﬂexion, recurrent hallux valgus
(after DMMO combined with surgery on the ﬁrst ray) related
to lateral metatarsal head translation (a common event after
DMMO), and nonunion (Fig. 9). Haque et al. [54] recently reported
excellent functional outcomes of DMMO in 30 patients, with

Fig. 9. Examples of complications of DMMO (performed in other centres in patients a, b, and c): (a) cavus of the forefoot after DMMO of M2M3M4 responsible for transfer
metatarsalgia at M1 and M5; (b) M3 malunion in plantar ﬂexion with metatarsalgia; (c) recurrent hallux valgus promoted by lateral head translation of M2M3M4; (d) M3M4
nonunion.
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Fig. 10. Arthropathy of the second metatarsophalangeal joint (yellow circle) treated with an MTP2 Gauthier implant (yellow arrow) and a Weil osteotomy of M3.

a 13% complication rate (nonunion, malunion, and transfer
metatarsalgia).
6.4. Lesser metatarsophalangeal joint implants
Silicone implants for the hallux fell into disrepute after poor
outcomes were reported [55,56]. In contrast, good outcomes have
been obtained using silicone implants for the lesser MTP joints [57],
designed speciﬁcally for the foot (i.e., different from the Swanson
implants designed for the hand) and available in several sizes. An
example used in France is the Gauthier implant [58], which offers an
alternative to metatarsal osteotomy in certain conditions affecting
the middle metatarsals (e.g., degenerative disease and ﬁxed MTP
joint dislocation), provided the adjacent ray is shortened to prevent
transfer metatarsalgia (Fig. 10). At the ﬁfth ray, implants are at risk
for fracture and should not be used.
7. Can a treatment algorithm be devised?
A treatment algorithm can be devised by distinguishing three
situations: metatarsalgia with vs. without ﬁrst ray abnormalities,
and metatarsalgia due to inﬂammatory disease [59].
7.1. Metatarsalgia with a normal ﬁrst ray
7.1.1. Metatarsalgia with a mid-foot or hindfoot abnormality
In patients with pes cavus or pes planus with or without equinus
deformity or with a neurological disorder such as Charcot-MarieTooth disease, the treatment of metatarsalgia relies chieﬂy on
conservative measures (e.g., professional foot care, insole, modiﬁed
or custom-made footwear, gastrocnemius stretching exercises, and
splint worn at night).
When a surgical procedure is necessary, it should target the
cause (e.g., tarsectomy, calcaneal osteotomy, triple arthrodesis,
calcaneal tendon lengthening or Strayer procedure, or elevation
osteotomy of M1).
7.1.2. Isolated metatarsalgia
Patients with metatarsalgia that seems isolated, with no hallux valgus, should be evaluated for gastrocnemius contracture,
degenerative joint disease (e.g., Freiberg disease or C2M2–C3M3
osteoarthritis), and MTP joint instability.

7.1.2.1. Harmonious Maestro curve.
7.1.2.1.1. With gastrocnemius contracture. Prolonged stretching exercises are the mainstay of the treatment. Selected patients
who are not improved by stretching may beneﬁt from gastrocnemius recession surgery.
7.1.2.1.2. With MTP joint instability. For patients with MTP joint
instability and synovitis (stage II), one suggested treatment is an
intra-articular glucocorticoid injection followed by strapping in
plantar ﬂexion and weight-bearing elimination by a special shoe
worn for 6 weeks. It is important to bear in mind that intra-articular
glucocorticoid therapy without weight-bearing elimination can
cause a plantar plate tear with rapid dislocation of the toe. For this
reason, we do not use intra-articular glucocorticoids.
In patients with stage I to III MTP joint instability, a tendon
transfer (ﬂexor/extensor) or plantar plate repair can be performed
in combination with arthroplasty or arthrodesis of the PIP and/or
DIP joints. A silicone implant may be useful in some cases of ﬁxed
dislocation.
7.1.2.1.3. With MTP degenerative disease (e.g., Freiberg disease). Available treatments include joint lavage alone, Gauthier
osteotomy, and a silicone implant.
7.1.2.1.4. With constitutional pes cavus. This is a very good indication of BRT-type basal osteotomy to treat the keratosis, which is
usually conﬁned to the undersurface of the M4 head.
7.1.2.2. Disharmonious Maestro curve. The surgical principles are
the same in patients with and without hallux valgus (see next
paragraph). However, in the absence of hallux valgus, preference
should be given to conservative treatment and is effective in most
patients. Surgery should be reserved for a tiny minority of highly
selected cases, with the knowledge that metatarsal surgery inherently involves a risk of complications such as stiffness and/or
transfer metatarsalgia.
7.2. Metatarsalgia with an abnormal ﬁrst ray
Patients should be evaluated for osteoarthritis of the Lisfranc
joint and/or mid-foot joint. The stability of each MTP joint should
be tested. Any claw-toe deformities should be classiﬁed as ﬁxed or
reducible. The anteroposterior weight-bearing radiograph serves
to assess the relative positions of the metatarsal heads along a
harmonious or disharmonious curve. Hallux valgus should always
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be corrected, with attention to the length and inclination of M1
relative to the other metatarsals.

7.2.1. Normal length and inclination of the lateral metatarsals
The key objective is to normalise the ﬁrst ray (e.g., correction
of hallux valgus via M1 osteotomy or MTP1 or C1M1 arthrodesis). Restoring the function of the ﬁrst ray unloads the middle
metatarsals and alleviates the metatarsalgia, usually obviating the
need for osteotomy of the lesser metatarsals.
In some cases, corrective surgery for hallux valgus should be
combined with soft-tissue procedures to correct claw-toe deformity (PIP arthroplasty or arthrodesis) or MTP joint instability (e.g.,
tendon transfer or plantar plate repair, if needed via a plantar
approach).

7.2.2. Abnormal length and inclination of the lateral metatarsals
This is the only situation that may require both lesser metatarsal
osteotomies and normalisation of the ﬁrst ray. The abnormalities
may be constitutional (e.g., length disharmony or abnormal inclination, whose evaluation is more challenging), iatrogenic (after hallux
surgery), or post-traumatic.
In patients who also have degenerative disease of the Lisfranc
joint, alleviation of the metatarsalgia may be obtained by partial
mid-foot arthrodesis (C2M2–C2M3) to shorten and elevate the relevant metatarsals.
In patients with MTP dislocation or localised “propulsive”
metatarsalgia combined with metatarsal length disharmony (M2
or M2M3), we remain faithful [52] to the Weil osteotomy after
radiological planning (Weil M2 or Weil M2M3). We reserve percutaneous DMMO (M2M3M4) for patients with diffuse “static”
metatarsalgia (M2M3M4) and a rounded forefoot with no length
disharmony. Nevertheless, the role for each of these osteotomy
procedures needs to be determined in randomised trials.

7.2.3. Alternative procedures
Resection-arthroplasty of all the lesser metatarsal heads or the
implantation of MTP prostheses is an option in patients with ﬁxed
MTP dislocation and/or severe degenerative disease.

7.3. Metatarsalgia related to inﬂammatory disease
The reference standard for treating deformities due to rheumatoid arthritis (e.g., hallux valgus and MTP dislocation) is MTP1
arthrodesis to stabilise the ﬁrst ray, combined with resectionarthroplasty of the lesser metatarsal heads (M2M3M4M5), which
is highly effective in alleviating metatarsalgia. Adding a silicone
interposition implant for the second ray or second and third rays
may prevent secondary telescoping of the metatarsal necks and
toes [60].
Conservative surgery has been suggested. This method may consist in repositioning ﬁxed MTP joints, repositioning subluxated MTP
joints [61], or performing shortening metatarsal osteotomies [62]
(Scarf for M1 and Weil for the lesser rays). However, persistence
of the synovitis may result in a recurrence. The recent advent of
new immunosuppressive treatments that provide tighter control
of the inﬂammatory process can be expected to gradually increase
the role for conservative surgery.

8. Conclusions
Metatarsalgia requires a search for the cause and an analysis of
the biomechanical factors involved.

Take-home messages
Take-home messages regarding
metatarsalgia are given below:

the

treatment

of

• question 1:
◦ differentiate “static” metatarsalgia (due to the metatarsal
slopes) from “propulsive” metatarsalgia, which is more
common and related to length abnormalities;
• question 2:
◦ examine not only the forefoot, but also the hindfoot, and
test for gastrocnemius contracture,
◦ conduct a radiological evaluation of the deformities in the
horizontal plane (Maestro curve and morphotypes) and
sagittal plane;
• question 3:
◦ conservative
treatment
(footwear
modiﬁcations + insole + stretching) should be used ﬁrst and is
often effective;
• question 4:
◦ soft-tissue procedures play an important role in the surgical
treatment of metatarsalgia. They include gastrocnemius
recession, tendon transfers, and plantar plate repair (a
rapidly expanding technique);
• question 5:
◦ some techniques should be discarded, such as the Helal
osteotomy, resection of the base of P1, and isolated
resection of a metatarsal head,
◦ metatarsal osteotomies should be reserved for correcting metatarsal abnormalities (length disharmony and/or
excessive slope),
◦ the potential complications of each osteotomy variant
should be borne in mind;
• question 6:
◦ metatarsalgia due to hindfoot abnormalities are usually
treated conservatively; should this approach fail, then
surgery should target the cause,
◦ stabilisation of the ﬁrst ray is the key goal,
◦ shortening osteotomies (e.g., Weil) should be considered
for “propulsive” metatarsalgia related to length abnormalities, which account for the majority of cases; and elevation
osteotomies (BRT on a single metatarsal or extensive
DMMO in the event of diffuse metatarsalgia) in selected
cases of “static” metatarsalgia,
◦ the role for percutaneous surgery (DMMO) remains to be
evaluated,
◦ metatarsal osteotomy is too often performed as a routine
procedure.
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Changes in running strike pattern affect ankle and knee mechanics, but little is known about the
influence of strike pattern on the joints distal to the ankle. The purpose of this study was to explore
the effects of forefoot strike (FFS) and rearfoot strike (RFS) running patterns on foot kinematics
and kinetics, from the perspectives of the midtarsal locking theory and the windlass mechanism.
Per the midtarsal locking theory, we hypothesized that the ankle would be more inverted in early
stance when using a FFS, resulting in decreased midtarsal joint excursions and increased dynamic
stiffness. Associated with a more engaged windlass mechanism, we hypothesized that a FFS
would elicit increased metatarsophalangeal joint excursions and negative work in late stance.
Eighteen healthy female runners ran overground with both FFS and RFS patterns. Instrumented
motion capture and a validated multi-segment foot model were used to analyze midtarsal and
metatarsophalangeal joint kinematics and kinetics. During early stance in FFS the ankle was more
inverted, with concurrently decreased midtarsal eversion (p<0.001) and abduction excursions
(p=0.003) but increased dorsiflexion excursion (p=0.005). Dynamic midtarsal stiffness did not
differ (p=0.761). During late stance in FFS, metatarsophalangeal extension was increased
(p=0.009), with concurrently increased negative work (p<0.001). In addition, there was
simultaneously increased midtarsal positive work (p<0.001), suggesting enhanced power transfer
in FFS. Clear evidence for the presence of midtarsal locking was not observed in either strike
pattern during running. However, the windlass mechanism appeared to be engaged to a greater
extent during FFS.
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1. INTRODUCTION
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Recent research on both injuries and performance during running has focused heavily on
comparing foot strike patterns, particularly rearfoot strike (RFS) versus midfoot or forefoot
strike (FFS). From an injury management perspective, a FFS has often been advocated due
to the associated reductions in vertical ground reaction force (GRF) loading rates (Milner et
al., 2006) and elimination of the “impact transient” (De Wit et al., 2000; Laughton et al.,
2003; Lieberman et al., 2010). From a mechanical performance-enhancement standpoint, it
has been theorized that a FFS could enhance elastic energy storage and return in the Achilles
tendon and medial longitudinal arch (MLA) (Ardigo et al., 1995; Divert et al., 2005;
Lieberman et al., 2010; Perl et al., 2012).
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The influence of strike pattern on both impact forces and mechanical energy profiles is
largely related to the coordinated positioning of the lower limb segments in the sagittal plane
at initial contact. A FFS pattern places the limb in a position of greater knee flexion and
ankle plantarflexion at initial contact, and typically results in a shorter stride and increased
cadence (De Wit et al., 2000; Divert et al., 2005; Laughton et al., 2003; Lieberman et al.,
2010; Squadrone and Gallozzi, 2009). Studies on lower extremity kinetics have shown
differences between strike patterns in mechanical work during stance, with the knee
performing greater work in RFS, while the ankle performs more in FFS (De Wit et al., 2000;
Hamill et al., 2011; Laughton et al., 2003; Rooney and Derrick, 2013; Stearne et al., 2014;
Williams III et al., 2012; Willson et al., 2014). These kinematic and kinetic findings appear
independent of whether the strike pattern is habitual or converted (Stearne et al., 2014;
Williams et al., 2000), and highlight the large influence strike pattern can have at and above
the ankle. However, little is known about the influence of strike pattern on the joints distal to
the ankle such as the midtarsal and metatarsophalangeal joints.
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An experimental manipulation of strike pattern may also function as a means to further
explore two well-known clinical tenets of foot function: the midtarsal locking theory
(Elftman, 1960) and the windlass mechanism (Hicks, 1954). The midtarsal locking theory
describes a relationship between the subtalar and midtarsal joints such that subtalar inversion
skews the oblique and longitudinal axes of the two midtarsal joints, purportedly reducing
midtarsal joint mobility. The windlass mechanism states that metatarsophalangeal extension
tensions the plantar fascia resulting in concomitant medial longitudinal arch rise, which is
thought to be particularly important during late-stance propulsion. Both midtarsal locking
and windlass mechanisms are typically assessed using kinematics, but a kinetic analysis may
add to our understanding of these theories. In regards to midtarsal locking, previous research
shows that a FFS is generally accompanied by a more inverted ankle (Pohl and Buckley,
2008), and thus could alter midfoot dynamic joint stiffness (Davis and DeLuca, 1996).
Pertinent to the windlass mechanism, metatarsophalangeal kinematic differences between
strike patterns have not been previously reported, but motion could be increased in a FFS
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pattern, leading to increased power absorption and negative work done at this joint. A study
comparing both kinematics and kinetics of the distal foot joints between strike patterns may
provide insight into the nature of these existing theories of foot function during running.
The purpose of the present study was to compare differences in foot kinematics and kinetics
between strike patterns during running and explore the extent to which the differences may
relate to midtarsal locking and the windlass mechanism. During early stance, we
hypothesized that the ankle would be in a more inverted position when using a FFS pattern,
thus resulting in decreased midtarsal joint excursions and increased dynamic stiffness, per
the midtarsal locking theory. During late stance, we hypothesized that a FFS would elicit
increased metatarsophalangeal joint excursions and increased negative work, as related to a
more engaged windlass mechanism.
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2. METHODS
2.1 Subjects
Eighteen healthy recreational female runners were recruited from a university setting and
local running community. All subjects were 18–35 years old and ran at least 16 kilometers
per week. Exclusion criteria consisted of any spinal or lower extremity surgery or any knee
ligament or cartilage pathology in the past year. Subjects were not recruited based on
habitual strike pattern. All subjects gave informed consent as approved by the university’s
Institutional Review Board. Sample size was estimated using data from a previous study
(Pohl and Buckley, 2008). Using the frontal plane ankle and sagittal plane midfoot
excursions differences, a required sample size of less than 10 subjects was estimated (80%
power).
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2.2 Protocol
Subjects were provided New Balance WT10 Minimus shoes with appropriate cut-outs
(Shultz and Jenkyn, 2012) so that reflective markers could be placed directly on the skin.
Twenty markers were affixed to each subject’s pelvis, right thigh, and right shank using
clusters to track the thigh and shank motion. Nine markers were placed on the foot through
the shoe cut-outs (proximal and distal calcaneus, medial and lateral calcaneus, cuboid,
navicular, first and fifth metatarsal heads, and the base of the 2nd metatarsal) (Bruening et
al., 2012a). Two additional markers were placed on the shoe approximately over the second
metatarsal head and distal phalanges.
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Subjects ran along a 20-meter runway at a controlled speed of 3.7 m/s (±5%) (Lieberman et
al., 2010). Running speed was monitored using the sacrum marker along the line of
progression. Seven successful dynamic trials with the runner’s habitual RFS or FFS pattern
were collected first, followed by seven trials in the converted condition. Several practice
trials were allowed to become familiar with the shoes, running speed, and equipment. For
the converted condition, subjects were given a brief demonstration and were verbally
instructed to either “run on their toes” or “run on their heels”, so that each subject ran with
both a RFS and a FFS. Subjects were allowed practice trials with the converted condition as
needed, with no subject choosing to utilize more than 4 practice trials. A visual check of the
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positioning of the GRF vector at initial contact relative to the tracking foot markers was used
to ensure participants landed appropriately during collection. A foot strike index was also
calculated post-hoc for comparison purposes. This was defined as the position of the center
of pressure (CoP) at initial contact expressed as a percentage of foot length (Cavanagh and
Lafortune, 1980). Kinematic data were collected at 150 Hz with an 8-camera motion capture
system (Vicon, Oxford Metrics, UK). Force data were collected at 1500 Hz by a floormounted force platform (Bertec Corp., Columbus OH, USA).
2.3 Data analysis
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Visual 3D software (C-motion Inc., Germantown MD, USA) was used for biomechanical
modeling and analysis. A three-segment kinetic foot model was created, modified slightly
from Bruening et al. (2012a), containing a rearfoot, mid/forefoot, and phalanges, separated
by midtarsal (MT) and metatarsophalangeal (MP) joints. The MT joint center was positioned
midway between the cuboid and navicular markers, and the MP joint center midway
between the metatarsal heads. Segment positions and orientations were anatomically
aligned, and joint angles were not normalized to the standing position.
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Marker trajectories from the running trials were low-pass filtered (8 Hz cutoff) along with
corresponding force data (50 Hz cutoff). Joint angles were derived using a typical Cardan
angle rotation sequence (1-sagittal, 2-frontal, 3-transverse). For kinetics, rigid body inverse
dynamics was used to calculate net internal moments and powers at each joint of the foot
and lower extremity (Bruening et al., 2012a). To quantify joint moments at the MT and MP
joints, we applied inverse dynamics computation only when the CoP was anterior to the
respective joint (Stefanyshyn and Nigg, 1997). When the CoP was posterior to the joint, the
moments were assumed to be zero. In addition, the unified deformable (UD) modeling
approach (Takahashi et al., 2012) was used to calculate the total power of all structures distal
to the rearfoot segment. Such analysis includes contributions from both the MT and MP
joints, as well as compression of soft tissue or shoe materials.
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For each subject, a single trial was chosen for each condition; the trial with the smallest net
anterior/posterior impulse was selected to ensure steady state speed throughout stance. Strike
patterns were compared using selected metrics as well as entire stance-phase time series
waveforms. Metrics consisted of MT and MP joint angular excursions during both early and
late stance, the transition being defined by the peak angle near midstance. Note that frontal
plane MT motion did not have a prominent peak and excursions were calculated over the
same time-period as sagittal plane MT motion. MT angular impulse and stiffness were
calculated for the sagittal plane, again over similarly defined early and late stance periods.
Stiffness was calculated via the slope of the linear best fit of the moment/angle graph for
each stance period. Three frames were cut from either end of each period to reduce nonlinear behavior (see Figure 3B). The positive and negative work done at each joint and by
the structures distal to the rearfoot, through the UD modeling approach, were also
calculated. These metrics were compared between strike patterns using paired t-tests (α =
0.05), and addressed most of the specific hypotheses. To provide additional information on
ankle, MT, and MP joint angles, moments, and powers across the entire stance phase, time
series waveforms were also analyzed. Note that knee power was included for comparison to
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previous studies (Stearne et al., 2014; Williams et al., 2000). Waveforms were first timenormalized to stance and then condition means and standard error (SE) bands were plotted.
Mean differences between strike patterns were then plotted with 95% confidence interval
(CI) bands. Regions where the CI bands do not cross zero can be considered statistically
different (α = 0.05). This is an approach that has been simplified from functional data
analysis (Andrade et al., 2014).

3. RESULTS

Author Manuscript

The subject sample demographics for age, height, and weight were: 25 ± 4 yrs., 1.65 ± 0.06
m, 61 ± 7 kg respectively (mean ± stdev). All RFS trials contained strike indices between 0
and 9% (mean ± stdev: 5 ± 3%) while all FFS trials contained strike indices between 53 and
82% (mean ± stdev: 71 ± 7%). These are consistent with contrasting RFS and FFS running
patterns (Cavanagh and Lafortune, 1980).
3.1 Kinematics
There were distinct kinematic differences between strike patterns at the ankle in all planes
(Figure 1 A–C). During loading response, the ankle was in a more plantarflexed, inverted,
and adducted position in FFS. While these differences briefly disappeared around 30% of
stance, the ankle quickly returned to a position of greater plantarflexion and inversion (but
not adduction) for the remainder of stance.
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At the midtarsal joint (Figure 1 D–F, Table 1), the FFS was less inverted and adducted at
initial contact. During early stance, FFS resulted in greater MT dorsiflexion excursion
(p=0.005), but reduced abduction excursion (p=0.003). During loading, the direction of the
excursion in the frontal plane differed between the strike patterns, with eversion occurring
during RFS, and slight inversion during FFS (p<0.001). MT angles converged by late stance
in all planes. No late stance excursion differences were noted in frontal (p=0.313) and
transverse planes (p=0.118), but there was greater plantarflexion excursion in FFS (p<0.001)
due to the higher peak dorsiflexion in midstance.
MP joint flexion (Figure 1G, Table 1) was slightly reduced in FFS during early stance
(p=0.009). During late stance, the MP joint transitioned to extension earlier in FFS and
moved through a greater total excursion (p<0.001).
3.2 Kinetics

Author Manuscript

Power profiles at the knee (Figure 2A) and ankle (Figure 2B) showed large differences
during early stance, but not late stance. Overall, greater negative work was done by the knee
in RFS (p<0.001), and by the ankle in FFS (p<0.001), with no differences in positive work
output by either joint (p=0.070 knee, p=0.376 ankle).
Sagittal plane MT moments showed that the joint was loaded to a much greater extent in
FFS, due to earlier plantarflexion moment onset and greater peak magnitude (Figure 3A),
resulting in greater total angular impulse from initial contact to moment peak (RFS = 0.11
± 0.02 Nm·s/kg, FFS = 0.16 ± 0.02 Nm·s/kg, p<0.001). MT power absorption also occurred
earlier in FFS (Figure 2C), yet total MT negative work was not different between strike
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patterns (p=0.912). Sagittal plane MT joint stiffness (Figure 3B shows a representative
subject) was not different during early stance (RFS = 0.41 ± 0.11 Nm/°kg, FFS = 0.40
± 0.14 Nm/°kg, p=0.761). During late stance, MT angular impulse was again greater in FFS
(RFS = 0.11 ± 0.01 Nm·s/kg, FFS = 0.14 ± 0.01 Nm·s/kg, p<0.001). Positive MT joint work
was also greater in FFS (p<0.001), concurrent with greater negative work at the MP joint
(p<0.001) (Figure 2C–E). Sagittal plane MT joint stiffness did not differ in late stance (RFS
= 0.28 ± 0.07 Nm/°kg, FFS = 0.27 ± 0.17 Nm/°kg, p=0.172). A small amount of positive
MP joint work was performed just before toe off (80–100% of stance), which was greater in
FFS (p<0.001).
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The UD foot analysis showed both greater negative and positive work done by the structures
distal to the rearfoot in FFS, but these were primarily the result of power differences that
were confined to very early (0–10%) and late (80–90%) stance (Figure 3F). In between these
regions, the distal-to-rearfoot power closely matched the summation of MP and MT joint
power (Figure 2E). Regardless of the foot strike pattern, the foot overall produced greater
magnitude of negative work than positive work (Table 1, Figures 2E–F).

4. DISCUSSION
4.1. Early stance
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The midtarsal locking theory postulates that subtalar inversion skews the oblique
(calcaneocuboid) and longitudinal (talonavicular) joint axes of the midtarsal articulations,
resulting in a more rigid midtarsal joint configuration (Elftman, 1960). Conversely, ankle
eversion (that typically occurs during early stance) aligns the midtarsal axes in a more
parallel configuration, theoretically introducing greater midtarsal mobility. Although our
data showed that a FFS running pattern alters these early stance mechanics, only partial
support was found for the presence of a midtarsal locking mechanism. In agreement with
previous studies (Peters et al., 2017; Pohl and Buckley, 2008; Williams et al., 2000), we
observed that the ankle was more inverted throughout stance in FFS running (Figure 1B),
which should theoretically increase the locking effect at the midtarsal joint. However, the
additional ankle inversion seen in FFS was only 5 degrees at initial contact, and converged to
around 1 degree shortly afterwards. Consequently, we noted some effects that may be related
to midtarsal locking function, but these were quite modest. In the frontal plane, MT eversion
excursion was seen in RFS, while only minimal deviations in MT position were seen in FFS
(Figure 1E). The transverse plane kinematic data also showed evidence of a mild locking
effect, as slightly less abduction excursion was seen in FFS. Conversely, however, in the
sagittal plane we saw an increased dorsiflexion excursion in FFS. While this may appear to
conflict with kinematic-based locking, the additional dorsiflexion motion in FFS
corresponded with an increased MT plantarflexion moment (Figure 3A).
While the midtarsal locking theory has typically been evaluated using kinematic analyses
(Blackwood et al., 2005; Elftman, 1960; Okita et al., 2014), the inclusion of MT joint
kinetics in the current study provided additional insight. For instance, early stance dynamic
joint stiffness was expected to be greater in FFS. However, no differences were seen. It
appears that the MT moment and associated angular excursion both increased proportionally
in FFS. It is possible that the small increase in FFS ankle inversion was insufficient to
J Biomech. Author manuscript; available in PMC 2019 May 17.
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functionally “lock” the MT joint in the sagittal plane (Youberg et al., 2005). Further, because
the stiffness calculation was limited to the sagittal plane, it may not fully reflect the triplanar nature of MT joint stiffening, as some evidence of locking was noted in other planes.
We should also note that the midtarsal moment/angle plots exhibited substantial variability
and some non-linear behavior, both of which could be due to differences in foot structure or
the combination of active and passive tissues inherent in the midtarsal joint.
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The joint power profiles provide additional insight into foot mechanics during running,
particularly when looking across both the MT and MP joints. The MT joint began absorbing
power earlier in FFS, with greater power absorption through most of early stance (Figure
2C). This finding is suggestive of increased eccentric demand to the intrinsic foot muscles
that cross the MT joint, supporting recent findings of foot intrinsic hypertrophy in
individuals who utilize non-RFS patterns due to minimalist shoe use (Miller et al., 2014).
The initiation of power absorption at the MP joint also occurred earlier in FFS. Taken
together (Figure 2E), combined MT and MP power absorption is increased through
approximately 40% of stance in FFS. At this instant, the combined MT and MP power
profiles converged, despite marked differences in the individual MT and MP joint
contributions. This convergence may be associated in part with the windlass mechanism, as
the onset of MP extension motion also occurs at this point (Figure 1G).
4.2. Late stance
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The midtarsal locking theory purports that the oblique and longitudinal midtarsal axes
become more skewed as the ankle inverts in late stance, supposedly locking the midfoot and
allowing the whole foot to act as a rigid lever for push off (Elftman, 1960). However, our
results do not support the presence of a locked or rigid midfoot, as a substantial amount of
plantarflexion and positive work occurred at the MT joint during late stance regardless of
strike pattern. This kinematic pattern matches previous observations made during walking
and running (e.g. (Bruening et al., 2012b; Pohl and Buckley, 2008; Pohl et al., 2007)) as well
as in cadaveric simulations (Okita et al., 2014). In addition, MT stiffness was approximately
32% lower in late stance than in early stance, suggesting that the joint was actually more
compliant in late stance. Comparing strike patterns in the present study, there were minimal
differences in MT kinematics (Figure 1 D–F) between strike patterns and no difference in
MT joint stiffness in late stance, despite increased ankle inversion throughout late stance in
FFS. Overall, the term “locking” does not appear appropriate to describe the midtarsal joints
during late stance.
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In contrast, the windlass mechanism does appear to have a strong influence on late stance
mechanics. This mechanism (Hicks, 1954) views the plantar aponeurosis as a continuous
fascial structure connecting the calcaneus with the proximal phalanges. As the MP joint
extends, it supposedly exerts a force on the calcaneus in a manner similar to a mechanical
windlass, acting to shorten the foot and raise the MLA. Indeed, our data shows that MP
extension begins earlier and moves through a greater excursion in FFS (Figure 1G). Further,
peak MT dorsiflexion occurred earlier and was greater in FFS. This combination of altered
MT and MP joint motions suggest earlier and likely greater tensile loading of the plantar
fascia in FFS.
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Several additional insights into the role of the windlass mechanism were gained by
examining the combined MT and MP joint kinetics. First, it appears that during running the
windlass mechanism transfers power between the two joints, as power generation at the MT
joint occurred concurrently with power absorption at the MP joint (see also (Bruening et al.,
2012a; McDonald et al., 2016; Wager and Challis, 2016)). Second, a FFS magnifies the
power transfer effect of the windlass mechanism; a FFS resulted in similar increases in both
negative MP work and positive MT work. When accounting for these simultaneous effects,
the combined MT and MP power was not different between strike patterns through most of
late stance (Figure 2E), reinforcing the idea that the windlass mechanism redistributes some
of the energy absorbed by MP extension (McDonald et al., 2016; Stefanyshyn and Nigg,
1997; Wager and Challis, 2016). Third, potentially due to this more engaged windlass
mechanism during mid-to-late stance, FFS produced slightly greater distal-to-rearfoot
positive work prior to toe-off (~ last 20% of stance). We speculate that this enhanced pushoff work could arise from either energy return from elastic structures (such as the plantar
fascia) or increased activation from the intrinsic and extrinsic muscles (Miller et al., 2014).
Further investigation involving intramuscular electromyography (Kelly et al., 2016) and
musculoskeletal modeling (McDonald et al., 2016; Wager and Challis, 2016) is needed to
reconcile the exact source of the foot work production.
Regardless of the running strike patterns, it is interesting to note that the foot overall
produced greater magnitude of negative work than positive work. Although foot mechanics
during running is thought to harness the elasticity of the plantar fascia (Alexander et al.,
1987; McDonald et al., 2016; Wager and Challis, 2016), our results showed that the foot is
not entirely elastic, but rather it also contains viscoelastic elements that absorb mechanical
energy (Takahashi et al., 2017).
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4.3 Limitations
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Our study methodology involved a few assumptions. First, we did not control for habitual
strike pattern nor evaluate any potential adaptations that may occur as subjects acutely
convert strike pattern. We based this decision on previous studies showing strong similarities
between habitual and converted strike patterns (Stearne et al., 2014; Williams et al., 2000),
even with minimal practice. This assumption allowed us to design a within-subjects study to
evaluate mechanics due entirely to changes in limb positioning. Second, our multi-segment
foot modeling approach relied on rigid body assumptions as well as ground reaction forces
partitioned from a single force platform. Similar methodology has been used in previous
studies (Firminger and Edwards, 2016; McDonald et al., 2016; Stefanyshyn and Nigg,
1997), however, a gold standard for validation has not been established. The simultaneous
use of the deformable foot methodology revealed similar conclusions as the combined MT
and MP joint powers, thus giving additional support that the strike patterns altered the
mechanical work profiles within the foot.

5. CONCLUSIONS
Overall, there was only modest support for an increased midtarsal locking effect in FFS,
evidenced by decreased motion in frontal and transverse plane MT kinematics. However,
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there were no differences in sagittal plane MT dynamic stiffness despite increases in sagittal
plane MT moments in FFS. There was increased negative work done in early stance in FFS,
which may indicate additional eccentric muscle demand or passive forefoot deformation.
The large amount of sagittal plane MT motion that occurred during late stance suggests that
the midfoot was not “locked”, regardless of strike pattern. Instead, the greater MT positive
power in the FFS during late stance is likely the result of a more engaged windlass
mechanism. Evidence of this is provided by earlier and greater MP extension occurring in
FFS, and also greater transfer of negative MP power to positive MT power. In running, clear
evidence for the presence of midtarsal locking was not observed in either strike pattern.
However, a more engaged windlass mechanism was evident in FFS.
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Figure 1.

Ankle, midtarsal (MT), and metatarsophalangeal (MP) joint angles, time normalized across
stance phase (0–100%) for rearfoot (RFS) and forefoot (FFS) strike patterns. Each curve
contains the mean ± standard error bands (shaded regions). Below each angle plot is a
between-condition difference plot (RFS - FFS), containing the mean ± 95% confidence
interval bands. Regions where those bands separate from zero can be considered regions of
statistical differences. (Legend:
FFS,
RFS)
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Power profiles for the knee, ankle, midtarsal (MT), and metatarsophalangeal (MP) joints as
well as for the structures distal to the rearfoot for rearfoot (RFS) and forefoot (FFS) strike
patterns. Each curve contains the mean and ± standard error bands (shaded regions). Below
each angle plot is a within-subject difference plot (RFS - FFS), containing the mean ± 95%
confidence interval bands. Where those bands separate from zero can be roughly considered
regions of statistical differences. (Legend:
FFS,
RFS)
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Sagittal plane midtarsal (MT) moment and stiffness for rearfoot (RFS) and forefoot (FFS)
strike patterns. A) Sagittal plane MT moment across stance phase (mean ± standard error
bands as in Figure 1). B) Sagittal plane MT moment vs angle plot for a single representative
subject. Stiffness was calculated as a linear best fit during early (moving upward and right in
this subject) and late stance (moving downward and left). Note that the beginning of the RFS
plot is horizontal until the CoP passes anterior to the MT joint; this portion was not included
FFS,
RFS)
in the RFS stiffness. (Legend:
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−9.3 ± 2.4
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Statistically significant at α = 0.05.

*

−4.5 ± 1.2

−3.0 ± 1.3

MT Inv (+)/Ev (−)

MT Add (+)/Abd (−)

5.4 ± 1.5
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−7.2 ± 2.8

−3.7 ± 1.2

2.2 ± 1.6

6.4 ± 2.2
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30.0 ± 3.2

*0.009

−2.1 ± 1.4

*<0.001
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*0.005

*0.003

RFS

p-value
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5.2 ± 1.9

−2.5 ± 1.8

−8.5 ± 2.2

FFS

Late Stance

*<0.001

0.118

0.313

*<0.001

p-value

Midtarsal (MT) and metatarsophalangeal (MP) joint excursions (mean ± standard deviation) during early and late stance for rearfoot (RFS) and forefoot
(FFS) strike patterns.
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−0.16±0.04
−0.21±0.04

MP
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Statistically significant at α = 0.05.

*

−0.11±0.03

−0.29±0.06
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−0.63±0.11
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*<0.001
*0.007

1.04±0.12

*<0.001
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*<0.001

0.13±0.04
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0.15±0.04
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*0.008
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*<0.001

0.376

0.070

p-value

Positive Work (J/kg)
RFS

p-value

Negative Work (J/kg)

Knee

RFS

Positive and negative joint work done at the knee, ankle, midtarsal (MT), and metatarsophalangeal (MP) joints, as well as by structures distal to the
rearfoot for rearfoot (RFS) and forefoot (FFS) strike patterns.
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Abstract
Forefoot pain is a common musculoskeletal complaint but is rarely caused by plantar
adventitious bursitis. A 27-year-old female had right lateral forefoot pain for three weeks and
was referred for an ultrasound examination, revealing an anechoic mass on top of the flexor
digiti minimi brevis tendon. Two weeks after oral medication and a prescription of rockerbottom shoes, her pain totally disappeared. In conclusion, ultrasound is helpful in
differentiating various causes of forefoot pain, which, in this case, facilitated the detection and
management of plantar adventitious bursitis.
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Introduction
The feet transmit the body weight to the ground and maintain the equilibrium of posture during
locomotion. During the foot strike, the feet act as a shock absorber and then become the lever
for push-off [1]. Since the feet bear the weight of the entire body, the pertinent muscles,
tendons, or ligaments are prone to injury. Foot disorders hinder ambulation and worsen
patients’ quality of life [2]. Tendon sprain, stress fracture, arthritis, interdigital neuroma [3],
and intrinsic muscle disorders [4] can elicit foot pain. However, little is known about the pain
caused by plantar adventitious bursitis [5]. In this regard, we would like to report a case with
lateral forefoot pain caused by plantar adventitious bursitis and how useful ultrasound (US) was
for diagnosis.
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A 27-year-old female visited our clinics because of pain in the right lateral and plantar forefoot
for three weeks. The pain had an insidious onset and aggravated while walking. She did not
participate in any sports. However, due to her job (a waiter), she had to walk and stand for a
long period during work hours. Her body weight was 43 kilograms, and no pre-existing
musculoskeletal diseases or trauma at her feet was mentioned. During the physical
examination, the pain was elicited upon dorsiflexion of the right fifth toe. There was no motor
or sensory deficit over the affected area. Tenderness was also observed over the plantar aspect
of the right fifth metatarsal bone whereas no local swelling was palpated. The plain radiograph
was normal.
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She was referred for an ultrasound examination. The linear transducer was placed on the
plantar surface in line with the fifth metatarsal bone. When tracing the flexor digiti minimi
brevis (FDMB) tendon from its metatarsal origin to the insertion of the fifth proximal phalanx,
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we identified a non-compressible anechoic mass without increased intralesional vascularity
(Figure 1A). In the short-axis view, the lesion was confirmed to be at the bottom of the
subcutaneous layer and between the tendons of the FDMB and the abductor digiti minimi
muscle (Figure 1B). Sonopalpation over that region reproduced exactly the same pain as the
pain she experienced during walking. No similar lesion was identified at the contralateral side
(Figures 1C-1D). Plantar adventitious bursitis was diagnosed. Two weeks after oral medication
with non-steroid anti-inflammatory drugs and a prescription of rocker-bottom shoes, her
pain totally subsided.

FIGURE 1: Plantar adventitious bursitis
The anechoic mass was noted superficial to the flexor digiti minimi brevis in its long-axis (A)
and short-axis view (B). No similar lesion can be identified in the long-axis (C) and short-axis views
(D) at the contralateral, asymptomatic side.
White arrowheads: plantar adventitious bursitis
FDB: flexor digitorum brevis; FDL: flexor digitorum longus; AbDM: abductor digiti minimi; PIOM:
plantar interosseous muscle; DIOM: dorsal interosseous muscle; N: nerve; A: artery; L: lumbrical
muscle; O: opponens digiti minimi; AdH: transverse head of adductor hallucis

Discussion
When the feet are loaded on the ground, mechanical energy is stored and then released by the
intrinsic muscles, tendons [6], and soft tissues. This function is important for acceleration,
deceleration, and change of directions [6], whereas the friction generates shear forces between
the plantar adventitious bursa and the aforementioned foot structure [7]. Plantar adventitious
bursitis is characterized by myxomatous degeneration and inflammation of superficial fibrous
connective tissue [7]. In comparison to the synovial bursa located among muscles, tendons,
ligaments, or bones, the inner surface of the adventitious bursa is not lined by synovium [5].
Plantar adventitious bursitis usually occurs at the first and fifth metatarsal heads [4] and should
be distinguished from other disorders, including stress fractures, plantar plate ruptures,
arthritis, intermetatarsal bursitis, Morton neuromas, and tenosynovitis. All lesions mentioned
above are still difficult to diagnose through physical examinations because the related
structures are approximated and overlapped together at the plantar area.
US is a useful tool for determining the location and extent of the foot lesions [8-9]. US is widely
used in musculoskeletal medicine because it can provide real-time imaging and dynamic
assessments [4,9]. Scanning the whole metatarsal bones and adjacent joints can help identify
stress fractures, plantar plate ruptures [10], and joint arthritis/synovitis. The transducer can be
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placed along the anterior transverse foot arch for the investigation of Morton neuromas and
intermetatarsal bursitis [11].
Tenosynovitis of the flexor digitorum longus (FDL), flexor digitorum brevis (FDB), and FDMB
can affect normal ambulation. The investigator can place the transducer parallel to the lateral
aspect of the fifth metatarsal bone and track the FDMB to its insertion on the proximal
phalanx. Herewith, if the transducer is placed at the medial aspect of the fifth metatarsal bone
with its proximal end pointing to the medial foot arc, the FDB and FDL tendons can be clearly
visualized along their long axis. The transducer can be redirected to the transverse plane to
visualize the hypoechoic fourth lumbrical muscles located beside the FDL tendon.
Some clinical pearls are worth sharing regarding investigation for patients with lateral forefoot
pain. First, the investigators should be aware of the fact that the lesions over the forefoot may
be difficult to visualize because of the thick keratin layer, which attenuates the US signals [4].
Second, plantar adventitious bursitis occurs at the subcutaneous layer, whereas the underlying
toe flexor tendons and intermetatarsal bursa should not be affected.

Conclusions
The causes of lateral forefoot pain are miscellaneous and difficult to diagnose simply by history
taking and physical findings. Static and dynamic US examinations are helpful for differential
diagnosis. Since plantar adventitious bursitis is not rare but commonly overlooked, its related
foot discomfort is likely to persist if a correct diagnosis is not made. In short, for patients with
refractory forefoot pain, we recommend US to be the prioritized imaging tool to investigate its
underlying pathology.
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case report

Plantar-Plate Disruptions: ‘‘The Severe Turf-Toe
Injury.’’ Three Cases in Contact Athletes
Mark C. Drakos, MD*; Russell Fiore, ATC†; Conor Murphy, BA*;
Christopher W. DiGiovanni, MD‡
*Department of Orthopedics, Hospital for Special Surgery, New York, NY; Departments of †Athletics and ‡Foot and
Ankle, Brown University, Providence, RI
Objective: To present 3 cases of plantar-plate rupture and
turf-toe injury in contact athletes at 1 university and to discuss
appropriate diagnosis and treatment algorithms for each case.
Background: Turf toe is a common injury in athletes
participating in outdoor cutting sports. However, it has been
used as an umbrella term to describe many different injuries of
the great toe. In some cases, the injury can be so severe that the
plantar plate and sesamoid apparatus may be ruptured. These
patients may be better managed with surgery than with
traditional nonoperative interventions.
Differential Diagnosis: Turf toe, plantar-plate disruption,
sesamoid fracture.
Treatment: For stable injuries in which the plantar plate is
not completely disrupted, nonoperative treatment with casting or
a stiff-soled shoe, gradual weight bearing, and rehabilitation is
the best practice. Unstable injuries require surgical intervention
and plantar-plate repair.

Uniqueness: Turf toe and injury to the first metatarsophalangeal joint are relatively common injuries in athletes, but few
researchers have detailed the operative and nonoperative
treatments of plantar-plate disruption in these patients. We
examine 3 cases that occurred over 4 seasons on a collegiate
football team.
Conclusions: Turf toe represents a wide array of pathologic
conditions involving the first metatarsophalangeal joint. Stress
and instability testing are key components to assess in
determining whether surgical intervention is warranted to restore
optimal function. Stiffer-soled shoes or shoes with steel-plate
insertions may help to prevent these injuries and are useful tools
for protection during the rehabilitation period.

T

playing surface when he planted his left foot and heard a
‘‘pop.’’ He had immediate pain and swelling. The toe was
taped, and he attempted to return to play. However, he had
continued pain and was unable to run effectively. On
physical examination, he had a slight ﬂexion contracture of
the ﬁrst MTPJ, which was passively correctable; instability
with drawer testing; plantar ecchymosis; and complete loss
of plantar-ﬂexion strength when the ﬂexor hallucis brevis
(FHB) was isolated. Radiographs showed proximal retraction of the sesamoids (Figure 1). This retraction was
ampliﬁed when stress radiographs were performed (Figure
2). Magnetic resonance imaging conﬁrmed the diagnosis as
a complete plantar-plate injury.
Surgery was recommended to restore the MTPJ anatomy.
Repair of the plantar plate was performed using nonabsorbable 2-0 sutures through a medial approach. We found
that the patient had a complete avulsion of the sesamoid
apparatus, including both slips of the FHB. Therefore, we
used a second plantar incision to repair the lateral aspect of
the FHB tendon. The repair was carried out through drill
holes in the sesamoid in 158 of plantar ﬂexion. In addition,
the patient had a small chondral impaction injury to the
dorsum of the metatarsal head, so we performed a
chondroplasty. We used an intraoperative stress test to
assess stability.
Postoperatively, the patient was placed in a splint and
then a cast, for a total of 4 weeks. Next, he was placed in a
boot for 4 weeks and started a resisted–range-of-motion

urf toe is a common injury in athletes participating
in outdoor cutting sports. Clanton and Ford1
reported that injury to the foot was the third leading
cause of missed athletic participation. Damage to the
metatarsophalangeal joint (MTPJ) represents a large
percentage of those injuries. However, since Bowers and
Martin2 coined the term turf toe, it has been a poorly
studied topic of substantial controversy. They originally
described turf toe as a sprain to the ﬁrst MTPJ, but in many
instances, the injury has been attributed incorrectly to
various pathologic conditions involving the ﬁrst ray.2 Turf
toe historically has been managed nonoperatively with a
stiff-soled shoe or short walking boot. Yet in severe cases,
the plantar plate may be ruptured and disrupted. These
injuries are easy to overlook on physical examination.
Therefore, the purpose of our study was to review 3 cases
of injury to the plantar plate of the ﬁrst MTPJ in contact
athletes and to focus on diagnosis and treatment of the more
severe toe injuries.
CASE REPORTS
Case 1

A 21-year-old running back participating in National
Collegiate Athletic Association (NCAA) Division I football
injured his left great toe during his ﬁrst carry of the game.
He was cutting on a FieldTurf (FieldTurf, Calhoun, GA)

Key Words:
players

metatarsophalangeal joint, great toe, football
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Figure 2. Stress anteroposterior radiographic view of the feet.
Note the increase in distance between the ﬁrst metatarsophalangeal joint space and the sesamoids on the injured left foot versus
the right foot.

Figure 1. Standing anteroposterior radiographic view of the feet.
Note the increased distance between the ﬁrst metatarsophalangeal
joint and the sesamoids on the injured left foot versus the right foot.

(ROM) program. He began plyometrics at 16 weeks. He
returned to full participation in football at 6 months. The
complete postoperative regimen is diagrammed in Table 1.
At ﬁnal follow-up, his dorsiﬂexion ROM was 638 in the
involved toe and 708 in the contralateral toe.
Case 2

A 21-year-old NCAA offensive lineman was pass
blocking on FieldTurf when he felt as if the sole of his
shoe gave out. He had immediate difﬁculty with ambulation
and was unable to continue playing. On physical examination, his foot was well aligned. He pointed directly to the
undersurface of the MTPJ as the site of his pain. He had a
completely deﬁcient FHB on the left foot with tenderness
through the extremes of FHB motion. Radiographs with the
toe in dorsiﬂexion demonstrated that his sesamoids did not
migrate distally as they did on the contralateral side (Figure
3). Magnetic resonance imaging showed abnormal signal of
the plantar plate consistent with a complete disruption
(Figure 4).
Given the positive ﬁndings on stress radiographs and his
desire to continue participating in sports at a high level, we
performed surgery. A medial incision revealed a complete
disruption of the plantar plate and proximal retraction of the
sesamoids (Figure 5). Scar tissue was debrided. We placed
drill holes through the sesamoids and then sutured them to
the distal plantar-plate tissue, which had remained intact. A
Kirschner wire was used to hold the toe in approximately
108 of plantar ﬂexion to relax the soft tissue repair. The pin
was removed 2 weeks after surgery, and the athlete was
554
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placed in a cast. He began a progressive rehabilitation
program at 6 weeks and a full running and agility program
at 18 weeks. He returned to full participation in football at 6
months. The complete postoperative rehabilitation regimen
is outlined in Table 1. At his last follow-up, his dorsiﬂexion
ROM was 628 in the involved toe and 638 in the
contralateral toe.
Case 3

A 19-year-old NCAA linebacker injured his left great toe
at practice. The patient reported that he felt as if his foot
‘‘stepped in a hole’’ while he was backpedaling during
drills. He ﬁnished the next few repetitions but was unable to
continue practicing. He had immediate pain, swelling, and
weakness in the great toe. On physical examination, he
pointed to the medial and plantar portions of the ﬁrst MTPJ
as the major sites of pain. His alignment was normal. The
patient had some MTPJ ﬂexor weakness, particularly when
the FHB was isolated. A Lachman test was negative. He
had substantial pain with resisted plantar ﬂexion. Radiographs showed no sesamoid fractures, but he did have a
slight 1- to 2-mm retraction of the sesamoids compared
with the contralateral side (Figure 6). Magnetic resonance
imaging showed 80% of the plantar plate was ruptured,
with only a few ﬁbers intact laterally. However, only 1 mm
of retraction was present.
Given the minimal retraction, we treated this injury
nonoperatively. The patient was placed in a cast with the
great toe in maximal plantar ﬂexion to remove pressure
from the plantar-plate apparatus and prevent further
retraction of the sesamoids (Figure 7). We took serial
radiographs to be certain that the sesamoids did not
continue to retract. After 6 weeks, the patient was placed
in a controlled–ankle-movement walking boot and began a
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None

None

Exercises

Avoid

a

Airex AG, Sins, Switzerland.

Edema control.

Non–weight bearing with
crutches.

Additional concerns and
instructions

Phase 2: 2–4 wk

Edema control.

None

None

Non–weight bearing with
crutches and walking
boot for protection for 4
wk.

Bed rest.
Passive range-of-motion
Immobilization in 58–158 of
movements are gentle.
plantar flexion for 7–10
Go slowly.
d to encourage scarring
and discourage damage
to sutures and
reconstructed soft
tissue.
None
In extension to neutral
only.
Metatarsophalangeal and
interphalangeal joints in
flexion only.
None
No active movements.

Weight bearing

Active range of motion

Passive range of motion

Special instructions

Phase 1: 0–2 wk

Phase 3: 4–8 wk

Phase 5: 12–16 wk

None

None

None

Full return to contact
sports without restriction
2–6 mo after surgery.

Phase 6: 16–24 wk

Full running and agility
program 18–19 wk after
surgery.

Continue soft tissue
mobilization.

Wear shoe modified with
carbon or steel insert for
6 mo after full return.

Continue previous
Continue previous
exercises.
exercises.
Increase proprioception
Begin gradual plyometrics.
exercises.
Add unstable surfaces (eg,
Airex balance pad, minitrampoline).a
None
None

Case 2: 16 wk

Case 1: 12 wk

Begin running by initiating Continue running program.
a walk/jog program.

None

More aggressive passive
metatarsophalangealjoint plantar flexion and
dorsiflexion.

Discontinue walking boot. Begin resisted plantarUse athletic shoe with
flexion and dorsiflexion
carbon or steel insert to
strengthening of
limit dorsiflexion.
metatarsophalangeal
joint.

Phase 4: 8–12 wk

Passive flexion and
extension guided by
tolerance to pain.
Gentle active extension to Active flexion and
neutral only.
extension without
No active flexion until 8
resistance.
wk.
Partial weight bearing in
Continue progression to
walking boot.
full weight bearing.
Begin with 25 lb (11.25 kg)
and increase.
25 lb/wk (11.25 kg/wk) to
full weight bearing.
Discontinue crutches at 6–
7 wk after surgery.
Weight shifts.
Single-legged balancing,
core strengthening,
Core and hip
stationary bicycling, and
strengthening.
swimming without push
Single-legged balancing
off.
exercises in boot 6–7
wk after surgery.
All resistance at
All eccentric contractions
metatarsophalangeal
at metatarsophalangeal
and interphalangeal
joint.
joints of great toe.
Running.
Extremes of great toe
Active flexion of
metatarsophalangealmetatarsophalangeal
and interphalangeal
joint dorsiflexion.
joints of great toe.
Soft tissue mobilization for Continue soft tissue
foot and ankle edema
mobilization.
control.

Increase range of motion.

None

Table 1. Plantar-Plate Postoperative Rehabilitation Protocol for Cases 1 and 2

Figure 3. Stress anteroposterior radiographic view of the feet. Note the increase in distance between the ﬁrst metatarsophalangeal joint
space and the sesamoids on the injured left foot versus the right foot.

The ﬁrst MTPJ is formed by the articulation of the curved
head of the ﬁrst metatarsal and the concave base of the
proximal phalanx. The integrity of the ﬁrst MTPJ is
established primarily by the joint capsule, collateral
capsular ligaments, and ﬂexor-tendon complexes coursing

medially and laterally.3,4 The medial and lateral collateral
capsular ligaments provide varus and valgus stability. The
medial ﬂexor-tendon complex comprises the medial head of
the FHB and the abductor hallucis tendon as they envelop
the medial sesamoid to attach to the medial proximal
phalanx. The lateral ﬂexor-tendon complex comprises the
lateral head of the FHB and the adductor hallucis tendon as
they envelop the lateral sesamoid to attach to the lateral
proximal phalanx. The sesamoids serve as a fulcrum to
increase the lever arm of the FHB tendons and augment the
plantar-ﬂexion strength of the ﬁrst MTPJ.5 The ﬂexor
hallucis longus (FHL) tendon courses in a separate sheath
between the sesamoids and attaches to the distal phalanx.
The plantar plate is a ﬁbrocartilaginous structure formed by
the thickened plantar-joint capsule and medial and lateral
ﬂexor-tendon complexes that courses from the ﬁrst
metatarsal head and attaches to the proximal phalanx.
These soft tissue stabilizers allow for approximately 508 of
dorsiﬂexion and 308 of plantar ﬂexion.4

Figure 4. Magnetic resonance image of the toe demonstrating a
complete tear of the plantar plate.

Figure 5. Intraoperative photograph demonstrates complete tear
of the plantar-plate apparatus.

gradual weight-bearing physical therapy program to regain
motion and strength of the hallux. The prescribed
postoperative rehabilitation is outlined in Table 2. Five
months after the injury, his MTPJ extension and ﬂexion
ROM were 678 and 358, respectively, on the injured side
and 678 and 428, respectively, on the uninjured side. His
MTPJ ﬂexion strength was 5/5, and he self-rated his ﬂexion
strength as excellent. At his last follow-up, the patient had
achieved full functional status. He returned to participation
in full-contact football with a carbon shoe insert.
DISCUSSION
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Figure 7. Cast with the great toe in plantar ﬂexion.
Figure 6. Dorsiﬂexion stress anteroposterior radiographic view of
the feet showing only minimal retraction of the sesamoids on the
injured left foot.

Injury

Classic turf toe represents a sprain of the MTPJ due to a
hyperextension injury. Usually, a plantar-ﬂexed foot with
an extended or dorsiﬂexed hallux against a ground surface
sustains an axial load, often due to someone falling on the
back of the foot in the vulnerable position. The plantarplate complex is designed to resist dorsiﬂexion of the ﬁrst
MTPJ, but these tissues can be torn, with the degree of
damage dependent on the overall severity of the injury and
forces to the joint. A ﬁrst-degree sprain represents only a
microtear of the ligament; the ﬁrst MTPJ is still competent
and can resist dorsiﬂexion. However, a frank dorsal
dislocation typically results in complete disruption of many
of these important plantar structures, including, but not
limited to, the plantar plate.
The adductor or abductor attachments or collateral
ligaments may be torn if a lateral load has been placed
on the toe, as often happens during cutting movements.
This can result in a traumatic bunion or hallux valgus or
varus, depending on the direction of the force.6
In lieu of or in addition to an isolated soft tissue injury,
the sesamoids can be injured.7–10 They can sustain fractures
that may be displaced or injuries to the synchondrosis if the
sesamoids are bipartite or tripartite. Given that the
sesamoids are intra-articular bones, they may sustain
injuries to their articular surfaces as well. These ﬁrst MTPJ
injuries also can include die-punch injuries, shear injuries,
or even bone marrow edema analogous to what can occur in
the knee with an anterior cruciate ligament tear. Such
damage can produce a loose body within the joint itself.
Any of these exacerbating factors (eg, bone marrow edema,
loose body) may lead to chronic sequelae, such as stiffness,
early MTPJ arthrosis, and pain. Furthermore, injury to the
plantar plate and FHB tendons may decrease ﬁrst MTPJ
competence and push-off strength, which can affect
performance, particularly in sprinters and elite-level
athletes participating in cutting sports.11–14

Diagnosis

Diagnostic tools are described in Table 3. Patients with
ﬁrst MTPJ hyperextension injuries almost always report
pain focused at the joint. This injury frequently inhibits
further participation in athletics. Typically, the athlete
describes a mechanism of injury that includes an acute ﬁrst
MTPJ hyperextension event or recalls sustaining a
compressive axial load while the foot was plantar ﬂexed
and the hallux was dorsiﬂexed. The patient presents with
swelling and later with ecchymosis about the ﬁrst MTPJ.
On physical examination, both passive and active ROM
must be assessed. Frank dislocation of the ﬁrst MTPJ is
possible and is not always reducible. Strength also should
be assessed with a focus on the FHL and FHB. The FHL
tendon is responsible for ﬂexing the MTPJ but attaches to
the distal phalanx and also ﬂexes the interphalangeal joint.
Isolated FHB strength assessment should be attempted by
stabilizing the interphalangeal joint in neutral position and
then instructing the patient to ﬂex the MTPJ against
resistance applied to the proximal phalanx (Figure 8).
Minimal strength of the FHB and pain with this maneuver
suggest instability and a more substantial injury. Stability
testing should be performed by examining anteroposterior
translation and varus-valgus stability. The Lachman test for
the ﬁrst MTPJ is conducted by stabilizing the ﬁrst
metatarsal superiorly and inferiorly with 1 hand while
applying an anterior and posterior translational force to the
proximal phalanx to feel for dorsal or plantar subluxation.
A positive Lachman test demonstrates anteroposterior
instability.
If the patient develops persistent pain and swelling
accompanied by decreased strength or restricted or
crepitant ROM, then further evaluation is warranted.
Weight-bearing radiographs should be taken to look for
fracture and at overall alignment. Contralateral views
should be obtained for comparison when proximal
sesamoid retraction, a possible sesamoid fracture, or a
bipartite sesamoid is present. The total volume of fracture
fragments should equal that of an intact sesamoid versus a
bipartite sesamoid; the latter may have a larger total
volume.15,16 A stress test is recommended to conﬁrm
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Non–weight bearing
with crutches.

None

None

Edema control.

Weight bearing

Exercises

Avoid

Additional concerns or
instructions

Airex AG, Sins, Switzerland.

None

Active range of motion

a

None

Diagnostic testing
walking boot.

Passive range of
motion

Special instructions

Phase 1: 0–1 wk

None

None

None

Non–weight bearing
with crutches.

None

None

Cast immobilization
with great toe in
maximal plantar
flexion to encourage
scarring (see Figure
7).

Phase 2: 1–5 wk

Table 2. Plantar-Plate Nonoperative Rehabilitation Protocol for Case 3

Neuromuscular
electrical stimulation
to flexor hallucis
brevis.
Soft tissue mobilization
to foot and ankle.

None

Core and hip
strengthening.

Single-legged
balancing in boot at
6–7 wk.
Weight shifts at 8 wk.

Short walking boot.
Discontinue walking
boot at 8 wk.
Use athletic shoe with
carbon or steel insert
to limit dorsiflexion at
8 wk.
Plantar-flexion passive
range of motion to
metatarsophalangeal
and interphalangeal
joints.
Plantar flexion without
resistance from
neutral.
Active flexion and
extension of
metatarsophalangeal
joint without
resistance at 12 wk.
Partial weight bearing
progressing to full
weight bearing.

Phase 3: 5–13 wk

None

Wear shoe modified
with carbon or steel
insert for 12 mo after
full return to
participation.

None

None

None

None

None

Full return to contact
sports without
restriction 5 mo
postinjury.

Phase 6: 20–22 wk

None

None

Begin agility program.

Continue running
program.

None

None

Begin running by
initiating a walk/jog
program with carbonfiber shoe insert.
Plantar-flexion and
dorsiflexion
strengthening of
great toe using
elastic resistance
band and manual
resistance.
Stationary bicycling.
Swimming without
push off.
Increase proprioception
exercises.
Add unstable surfaces
(eg, Airex balance
pad, minitrampoline).a
Toe raises.
Running that is not
straight ahead only.
Cutting.
Continue soft tissue
mobilization.

None

None

Phase 5: 18–20 wk

None

None

Phase 4: 13–18 wk

Table 3. Diagnostic Tools
Tool
History

Physical examination

Use
Mechanism of injury
Ability to return to play
Level of pain
Chronicity
Swelling and pain
Lachman test for anteroposterior
instability
Varus/valgus instability
Passive and active range of
motion
Flexor hallucis longus strength
Isolated flexor hallucis brevis
strength

Imaging
Bilateral standing radiograph
Bilateral standing stress
radiograph
Computed tomography scan
Magnetic resonance imaging

Compare sesamoid retraction
Compare sesamoid retraction
Evaluate sesamoid fracture
Evaluate soft tissue integrity and
articular cartilage damage

instability. Rodeo et al7 advocated stress radiography with
the proximal phalanx dorsiﬂexed.
McCormick and Anderson13 recommended using ﬂuoroscopy to assess real-time motion of the toe to determine
whether the sesamoid apparatus is intact. If the sesamoids
do not move the same distance when compared with the
contralateral side, a disruption of the plantar plate is
possible. A computed tomography scan may be obtained to
further evaluate the size and comminution of the fragments.
Magnetic resonance imaging is usually more helpful
because it can delineate injuries to the collateral ligaments
and plantar plate and demonstrate injuries to the articular
surface if present.
Treatment

To appropriately manage these injuries, we divide them
into 2 groups: stable and unstable. For our purposes, stable
injuries are deﬁned by a change of less than 2 mm on
dorsiﬂexion stress radiographs in proximal retraction of the
sesamoids of the affected ﬁrst MTPJ compared with the
contralateral ﬁrst MTPJ. Although other injuries, such as
fractures and articular cartilage injuries, may occur, we use
the aforementioned guide to determine whether an injury to
the plantar plate should be managed aggressively. For
stable injuries, symptomatic treatment is warranted and
may include a walking boot and protected weight bearing.
If the capsule has a substantial injury as seen on magnetic
resonance imaging but no instability on provocative testing,
then casting for 4 to 6 weeks with the MTPJ in plantar
ﬂexion may be prudent. This casting will allow the tissues
to heal without undue strain on the plantar-ligament
complex, and it ultimately may allow the injury to heal in
a more anatomic position and decrease the risk of long-term
morbidity.
For unstable injuries, the treatments are less well deﬁned.
Fractures have been treated in a variety of ways, including
nonoperatively. For displaced fractures in which the
plantar-plate apparatus has been rendered incompetent,
some authors3,13,14 have proposed excising the smaller

Figure 8. Isolated strength testing of the ﬂexor hallucis brevis by
stabilizing the hallux interphalangeal joint.

fragment and repairing the plantar plate, which can be
accomplished with or without augmentation. McCormick
and Anderson3,12 proposed augmentation using the abductor
hallucis tendon. However, it is important to balance the
forces across the MTPJ so that a hallux valgus is not
created. Thus, they also suggested a modiﬁed McBride
tenotomy of the adductor to account for this. Some
authors17 have excised the sesamoid completely. Other
authors3 have proposed open reduction and internal
ﬁxation, but given the small size of the sesamoid, many
have avoided this practice.18,19 However, with current
instrumentation, internal ﬁxation can be attained. Speciﬁcally, small (1.3-mm) screws, which usually are found in
modular hand surgery sets, have been used with or without
bone grafting to address this problem.20 In the chronic
setting (ie, sesamoid nonunions), a bone graft should be
used.21 This technique has been reported with and without
the use of instrumentation.
If the plantar plate has been ruptured and stress testing
shows that the sesamoid apparatus does not move
symmetrically with the contralateral side, operative management should be considered. Unfortunately, we could not
ﬁnd published prospective studies in which the researchers
examined plantar-plate rupture injuries in athletes. Conventional wisdom suggests that patients with instability will
have worse long-term outcomes and difﬁculty with return
to sport if treated nonoperatively. Long-term disability
manifested by MTPJ stiffness, arthrosis, and pain has been
reported. However, the deﬁnitive criteria for surgical
intervention based on objective radiographic ﬁndings and
physical examination testing are still being investigated.
Waldrop et al22 found that an increase of 3 mm or more in
the distance from the sesamoid to the proximal phalanx on
a lateral-dorsiﬂexion stress radiograph predicted a severe
injury to the plantar plate in cadaveric models that would
require surgical intervention in a patient. McCormick and
Anderson13 constructed a list of surgical indications for
treating a turf-toe injury, but these indications have not
been studied in a controlled trial setting. The topic of
operative versus nonoperative treatment for plantar-plate
injuries requires more thorough research to establish
deﬁnitive guidelines for intervention.
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In cases of instability, some authors3 have proposed
primary repair of the plantar plate. When the injuries are
addressed late, delayed surgical repair can be difﬁcult
because the plantar plate is attached to the FHB tendons,
which retract it proximally.13 These forces can prevent the
plate from healing in an anatomic position. Furthermore,
this area can scar and make it difﬁcult to determine normal
tissue planes. In these cases, suture anchors frequently are
needed to properly afﬁx the tissue back to the proximal
phalanx.
CONCLUSIONS

Injuries to the ﬁrst MTPJ ﬂexor apparatus are common
and can be quite disabling. As demonstrated in our patients,
they represent a wide array of pathologic conditions.
Simply labeling these injuries as turf toe is neither accurate
nor predictive of the appropriate treatment that should be
pursued. As with any injury, paying close attention to the
history and the mechanism of injury provides important
clues to the diagnosis. These injuries frequently occur on
artiﬁcial playing surfaces due to the increased traction at
the shoe-surface interface. Moreover, stiffer-soled shoes or
shoes with steel-plate insertions may help prevent these
injuries and are useful tools for protection during the
rehabilitation period.
Diagnostically, special consideration should be given to
the strength, ROM, and stability examinations, as well as to
the ability to return to play (Table 3). Athletes with more
extensive injuries typically have more difﬁculty returning
to play and need further examination of their symptoms,
which may include functional disability and difﬁculty with
pushing off and running. Furthermore, patients should be
referred to physicians with experience treating these
injuries. Even after radiographic imaging, fractures may
be mistaken for bipartite sesamoids and therefore need to be
evaluated. Stress and instability testing are key components
to assess when determining whether surgical intervention is
warranted to restore optimal function. Accurate and timely
diagnosis and treatment can allow for full return to activity
for many of these athletes.
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Abstract
Accessory anatomical structures in the ankle and foot usually represent incidental imaging findings; however, they
may also eventually represent a source of pathology, such as painful syndromes, degenerative changes, be the
subject of overuse and trauma or appear as masses and cause compression syndromes or impingement.
This review aims to describe and illustrate the imaging findings related to the presence of accessory ossicles and
muscles in the ankle and hindfoot through different techniques, with special attention to those variants that
associate factors of clinical relevance or that trigger challenges in the differential diagnosis.
Keywords: Ankle, Accessory ossicles, Accessory muscles, Computed tomography, Magnetic resonance

Key points
 Accessory anatomical structures in the ankle and

hindfoot are a common incidental finding.
 Anatomical variants may trigger challenges in the

differential diagnosis
 Anatomical variants may be a source of pathology

Introduction
A number of anatomical variations can be found in
the ankle and hindfoot. These include accessory ossicles, additional sesamoid bones, variations in number
and configuration of sesamoid bones, coalitions, bipartitions and variants in the soft tissues, such as
accessory muscles.
Most of them represent developmental abnormalities
that constitute incidental radiographic findings [1].
Accessory ossicles in most cases are a result of unfused
ossification centres. They are seen as subdivisions of existing bones or free elements in the vicinity of the normal
bone structures. Sesamoid bones have a different anatomical nature. They functionally represent components of a
* Correspondence: abazzo@inwind.it
7
Diagnostic and Interventional Radiology, IRCCS Istituto Ortopedico Rizzoli,
Via G. C. Pupilli 1, 40136 Bologna, Italy
Full list of author information is available at the end of the article

gliding mechanism and are at least partially embedded in
tendons, reducing friction and protecting the tendon
structure [1, 2].
The most common accessory ossicles in the ankle and
foot are the os trigonum, the accessory navicular (among
the different three types, type II is the most common)
and the os intermetatarseum, in this order. With respect
to accessory sesamoid bones, the os peroneum is the
most frequently found [2].
Accessory muscles are also generally asymptomatic
and discovered incidentally on imaging studies. Occasionally, they will manifest clinically, presenting as mass
lesions or causing compression syndromes such as tarsal
tunnel syndrome, chronic pain or impingement.
Our aim with this review is to illustrate the imaging
findings related to the presence of accessory ossicles and
muscles in the ankle and hindfoot through different
techniques, with special attention to those variants that
associate factors of clinical relevance or, in the case of
the ossicles, that would pose a challenge in the differential with fractures.
Bone coalitions, given their complexity and frequent
clinical implications, deserve separate analysis and will
not be the object of this review.

© The Author(s). 2019 Open Access This article is distributed under the terms of the Creative Commons Attribution 4.0
International License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and
reproduction in any medium, provided you give appropriate credit to the original author(s) and the source, provide a link to
the Creative Commons license, and indicate if changes were made.
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Fig. 1 Diagram of the location of the most common accessory bones around the ankle and hindfoot. a Lateral and (b) AP projection of the ankle
and hindfoot: 1—os trigonum, 2—os sustentaculi, 3—os calcaneus secundarius, 4—os subtibiale, 5—os subfibulare, 6—os supratalare, 7—os
talotibiale, 8—talus secundarius

Ankle and hindfoot
a. Ossicles (Fig. 1) (Table 1)
Os trigonum

The os trigonum is one of the most common accessory
ossicles in the ankle and foot. Its prevalence is estimated
in between 1 and 25% [1, 2].
Initially, this was interpreted as a non-united fracture.
Currently, this is viewed as a developmental skeletal
variation, likely resulting from failure of fusion of a secondary lateral tubercle ossification centre that forms at
about 7–13 years of age, and normally fuses at about 14
years of age [1, 3–5]. It is connected to the lateral tubercle of the posterior process of the talus by a fibrocartilaginous synchondrosis and in close vicinity to the flexor
hallucis longus tendon [6].
The os trigonum is normally an incidental finding,
with no associated pathology. Os trigoni may have a
round, oval or triangular morphology [6].

A single traumatic episode of forced plantar flexion or
repetitive forced plantar flexion may result in degeneration
or tear of the synchondrosis (Fig. 2). Repetitive plantar
flexion is a continuous requirement in activities such as
ballet, basketball or soccer [5, 7]. In these cases of repetitive trauma, there can be involvement of the soft tissues,
which results in irritation manifested as local synovitis,
flexor hallucis longus (FHL) tenosynovitis or entrapment.
Symptoms of os trigonum syndrome may result from
all the situations mentioned above and consist of
chronic or recurrent pain with stiffness, soft tissue swelling and tenderness to palpation in the postero-lateral aspect [8]. The os trigonum syndrome constitutes a
subtype of posterior ankle impingement syndrome [2, 5].
Radiographs can detect the presence of an os trigonum;
however, their sensitivity is limited in the assessment of
early bone changes occurring with the development of
pathology. The posterior impingement view has been
shown to be more sensitive than the lateral view in the detection of an os trigonum [9].

Table 1 Prevalence, clinical significance and differential diagnosis of the most common types of accessory ossicles around the ankle
and hindfoot
Ossicle

Prevalence

Clinical significance

Differential diagnosis

Os trigonum

1–25%

Os trigonum syndrome

Posterior ankle impingement, Cedell’s fracture, Shepherd’s fracture

Os sustentaculi

0.3–0.4%

Coexisting talo-calcaneal coalition

Fractures of the sustentaculum tali

Os calcaneus secundarius

0.6–7%

–

Fracture of the anterosuperior calcaneal process

Os subtibiale

0.9%

–

Avulsion fractures

Os subfibulare

2.1%

–

Avulsion fractures

Rare

–

–

Avulsion fractures

Os supratalare
Os talotibiale
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Fig. 2 24-year-old man, history of ankle sprain and persisting pain in
the lateral and posterior aspect of the ankle. Sagittal proton density
spectral attenuation inversion recovery (PD SPAIR) image. Note the
hyperintense band of fluid between the os trigonum and the
posterior aspect of the talus, in keeping with disruption of the
synchondrosis (white arrow). Injury to the synchondrosis is one
of the causes of symptomatic os trigonum

Computed tomography (CT) and magnetic resonance
imaging (MRI) are able to detect the associated bone
and soft tissue abnormalities.
On CT images, irregularity and sclerosis, or changes
related to degenerative change on the articular surfaces
of the synchondrosis, may be present as a result of
chronic stress and abnormal movement [10].
On MRI images, the presence of bone marrow oedema
in both aspects of the synchondrosis, fluid within or

Page 3 of 13

joint effusion, or signs of soft tissue involvement, such
as oedema in surrounding structures or tenosynovitis of
the flexor hallucis longus, will be indicative of os trigonum syndrome [6] (Fig. 3).
Increased technetium-99m intake is another typical
feature linking symptoms to the presence of an os
trigonum [2], although bone scans are currently not so
widely used due to the increased use of MRI.
Fluoroscopically guided injection of lidocaine into the
synchondrosis was used as a diagnostic test in the past
to accurately determine the cause for symptoms [5, 6].
Other possible causes of posterior impingement are
related to the morphology of the lateral tubercle of
posterior process of the talus (also called Stieda
process). When this is markedly prominent, the same
mechanism of plantar flexion described above [2, 11]
causes similar pathology in the surrounding anatomical elements (Fig. 4).
The differential diagnosis of an os trigonum comprises
fractures of the lateral or medial tubercles of the posterior process of the talus. These represent Shepherd’s or
Cedell’s fractures, respectively [9, 12]. These fractures result from acute impingement between the posterior aspect of the tibia and the calcaneus on extreme flexion of
the ankle, with damage to the interposed posterior
process of the talus. In the cases of Shepherd’s fracture,
there will be postero-lateral tenderness with pain on
movement of the subtalar joint and with passive movement of the flexor hallucis longus.
In the case of Cedell’s fracture, pain will be located
postero-medially and, in some occasions, a lump will be
palpated [13, 14].
Fragments are usually non-displaced and resemble os
trigonum. In the cases of fracture, besides from the

Fig. 3 52-year-old man with persisting posterior ankle pain. a Sagittal fast spin-echo proton density (FSE PD) fat sat demonstrates an os trigonum.
There are foci of increased signal intensity in the subchondral bone in both aspects of the synchondrosis (white arrows), with a small amount of
fluid in the posterior aspect of the tibio-talar joint. b Axial fast spin-echo T1 (FSE T1) better depicts the presence of foci of subchondral bone
oedema and subchondral bone cysts in both aspects of the synchondrosis (white arrows). Note how the os trigonum is intimately related to the
flexor hallucis longus (arrowhead)
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Fig. 4 Stieda’s process. 66-year-old woman, presented with pain in
the posterior and lateral ankle. Sagittal FSE T1 demonstrates an
elongated postero-lateral process of the talus (Stieda’s process).
There is subtle subchondral bone marrow oedema in the process
and in the posterior aspect of the distal tibia (thin white arrows),
indicative of mechanical overload

background of trauma that may suggest it, on CT or
MRI assessment, the edges will be irregular, not corticated and comminution is possible [2]. Fractures of an
os trigonum itself are extremely rare [8].
These fractures can sometimes be missed, and they
need fixation; otherwise, they may result in pseudoarthrosis. If fragments are very small, they can be excised.
In cases when non-union has occurred, the fragments
are usually resected [14].
Os sustentaculi

The os sustentaculi represents a very rare skeletal variant
of the ankle and foot region, with a prevalence that has
been estimated in 0.3–0.4% [1, 3]. This is connected to
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the posterior aspect of the sustentaculum tali by a fibrocartilaginous synchondrosis.
A variant of the os has been called the assimilated os
sustentaculi. This represents an accessory joint between
the bony projections at the sustentaculum tali and the
adjacent talus. It has been speculated that the os may incorporate to the sustentaculum when growth finishes,
and this represents a fused variant of the condition [15,
16]. A talocalcaneal bony bridge at the posterior aspect
of the sustentaculum can represent fusion of the os with
both bones, calcaneum and talus, effectively constituting
a subtalar coalition (Fig. 5).
In a recent retrospective study by Yun et al., it was found
that coexisting intraarticular talocalcaneal coalition was observed in 11 of 13 patients with extraarticular talocalcaneal
coalition with os sustentaculi, suggesting that the os sustentaculi is a component of extraarticular talocalcaneal coalitions and thus related to the presence of symptoms [17].
This os can become symptomatic in cases of chronic abnormal mobility (shearing), in which degenerative changes
across the synchondrosis occur. Typical findings on CT images will be irregularity of the synchondrosis surfaces, with
sclerosis and subchondral cyst formation. On MRI, there
will be subchondral bone marrow oedema and fluid [15].
Differential diagnosis includes fractures of the sustentaculum tali, which are also rare. These occur when there is
a direct impact on a supinated foot and are frequently
seen in association with severely comminute intraarticular
calcaneal fractures, although they can also be found isolated. Pain and tenderness along the medial aspect of the
foot will be the main clinical symptoms [13].
Besides from the background of trauma, typical features of a fracture such as irregular interfaces and no
cortication help to establish the diagnosis on radiographs
and CT. Associated bone marrow and soft tissue oedema

Fig. 5 Os sustentaculi. a 17-year-old man referred with the suspicion of peroneal tenosynovitis. a Coronal T2-weighted fast field echo (FFE) demonstrates a
talocalcaneal coalition (white arrows). b On axial FSE T1, a small ossicle is visible, interposed in between the two coalescent bones, in keeping with an os
sustentaculi (arrowhead). c Reconstructed coronal CT image in the same patient, demonstrating the os sustentaculi (arrowhead), in close relation with the
sustentaculum tali
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typically associated to the presence of fractures will be
seen on MRI [2].

in the calcaneus are two important features that would
suggest the presence of a calcaneus secundarius [23].

Os calcaneus secundarius

Os subtibiale

The os calcaneus secundarius is a rare accessory ossicle
of the foot, estimated to have a prevalence between 0.6
and 7% [1, 3]. It can be round but is more often triangular in shape and is located in the space in between the
anteromedial aspect of the calcaneus, the cuboid, the
talar head and the tarsal navicular (Fig. 6) [8].
This normally represents an incidental finding, which
can easily be missed on conventional AP and lateral
radiographic projections. Oblique views will demonstrate
its presence.
The os calcaneus secundarius is sometimes very difficult
to distinguish from a fracture of the anterosuperior calcaneal process [18], which usually occurs as an avulsion injury of the bifurcate ligament on forced plantar flexion,
but can also happen in eversion injuries with a dorsiflexed
foot [19]. Just as the ossicle, these fractures are easy to
miss on conventional radiographic projections and better
demonstrated on oblique views. Clinically, they manifest
with tenderness in this location, which lies anterior and
inferior to the anterior talofibular ligament. Due to the location of pain, the fracture can mimic a sprain, a fracture
of the lateral talus or the base of the fifth metatarsal [20].
If one of these fractures is suspected, CT or MRI
should be performed to fully characterise, given the implications for treatment [21] (Fig. 7).
Just as with the previously seen ossicles, the diagnosis
can be established with the clinical background, and the
typical irregularity of margins of fracture and no cortication described [22]. The presence of oedema on MRI confirms the presence of acute fracture [21]. Lack of clinical
symptoms and history of trauma and lack of a donor site

The os subtibiale is rare, with an estimated prevalence of
0.9% [2], and is located distal to the tip of the medial
malleolus. It can be multiple and bilateral and is usually
asymptomatic [24].
The true os subtibiale derives from a persisting
accessory centre of ossification and is different from an
unfused secondary ossification centre. Secondary ossification centres normally fuse at around 7 years of age. If
they do not assimilate to the tibial epiphysis, they appear
as a separated medial malleolus [25]. This is more commonly seen than true ossicles.
The main differential of an os tibiale is avulsion fractures, which are common in the context of ankle
trauma. Because ankle trauma is the most common indication for radiological examination of the ankle, the
accessory ossicle can be mistaken by a fracture [26].
Avulsion fractures are so much more common than
the presence of an os subtibiale that in the context of
a symptomatic patient after ankle trauma, the finding
of an osseous structure below the medial malleolus
should be considered and treated as a fracture [27].
Os subfibulare

The os subfibulare has an estimated prevalence of 2.1%
[1, 3]. Similar to the os subtibiale, this represents persistence of an accessory ossification centre, as opposed to
an unfused secondary ossification centre, which is more
commonly found.
The os subfibulare can be found distal to the tip of the
lateral malleolus, with round or comma-shaped morphology, and is asymptomatic [25].

Fig. 6 Os calcaneus secundarius. a Sagittal FSE T1 in a 56-year-old man referred for follow-up after Achilles reconstructive surgery. As an incidental
finding, an os calcaneum secundarium was noted. This is located in between the talus and the calcaneus (white arrowhead). b Axial FSE
T1 demonstrates the ossicle located in the space between the talus and calcaneus, articulating with the anterior process of the calcaneus
(only partially seen) and the tarsal navicular (white arrow). c Different patient, incidental finding of an os calcaneus secundarius, here
visible on lateral radiographs (black arrow). Note also the presence of an os trigonum
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Fig. 7 Differential diagnosis of os calcaneus secundarius. 44-year-old man referred with the suspicion of Achilles tendinopathy. a Sagittal FSE T1
incidentally demonstrates a small ossified body present in the typical location of an os calcaneus secundarius (white arrow). Patient cannot recall
trauma or pain in the lateral aspect of the foot. In these cases, it is occasionally very difficult to establish the diagnosis and distinguish a sequel of
an old fracture from a true small ossicle. b On axial FSE T1, the bone fragment is elongated and has irregular margins (black arrow). It corresponds to a
defect in contour of the calcaneus. This orientates towards a sequel of old fracture as opposed to an accessory ossicle

The main differential is avulsion fractures of the
distal fibula. These are typical of inversion injuries
of the ankle. Clinically, in these cases, there will be
swelling, effusion and pain. Instability may be
present, which can be a reliable tool to confirm
avulsion fracture, and rule out os subfibulare. Avulsion fractures are more typical of older subjects and
normally involve the insertion of the anterior talofibular ligament (Fig. 8). In a lot of cases, the avulsed
fragment can have rounded margins, which does not
help with differentiation [28].
Given the much higher prevalence of distal fibular injuries due to inversion trauma, some authors actually
blanket any ossified structure adjacent to the lateral

malleolus as the result of an avulsion fracture, which
might have happened remotely in time [2, 29].

Rare accessory bones

Other ossicles, such as the os supratalare or os talotibiale, are rare and not associated to painful conditions.
The main differential in these cases has to be done with
a fracture. Lack of history of trauma, clinical symptoms
and absence of a potential site of origin for a fracture
fragment in the adjacent bones would favour the existence of an ossicle [8] (Fig. 9).
Several rare accessory bones in the hindfoot have been
described, such as an accessory calcaneus, by Krause and

Fig. 8 Differential diagnosis of os fibulare. a AP radiograph in a 67-year-old woman, history of inversion injury. There is a small avulsion of the tip
of the malleolus, in keeping with injury to the lateral collateral ligament (arrow head). Medial to this, there is a small ossified body (black arrow).
This has rounded margins. Findings are compared with previous MR, performed 10 years before. b Coronal FSE T1 demonstrates a small ossified
body was present already (white arrow). MR was performed with the suspicion of talonavicular osteoarthritis at the time. A small rounded structure
could have already represented a sequel of avulsion injury but was described as an ossicle in the absence of acute trauma
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along the extensor digitorum longus tendon and inserts
on the dorsal surface of the shaft of the fifth metatarsal. It
is normally asymptomatic but has also been described to
cause snapping over the lateral dome of the talus [39].

Fig. 9 40-year-old man, incidental finding of a small os supratalare
(white arrow), as well as an os trigonum. Patient was referred for
radiographs with the suspicion of Achilles tendinopathy in the
contralateral leg

Rouse [30], and bipartite configurations of the talus that
can be mistaken by fractures [31–33].
Accessory tali are extremely rare, with only a few case
reports [34]. These are lateral to the talus. Accessory tali
have also been described in association with a partial duplication of the medial column of the foot, in the reported
case causing fixed pes equinus deformity [35].
Other rare ossicles have been described, such as an
“ankle patella”, a large accessory bone anterior to the tibiotalar joint [36] and a small ossicle located postero-medially
to the talus, resulting in tarsal tunnel syndrome [37].
b. Soft tissues of the ankle and hindfoot. Accessory
Muscles (Table 2).
Lateral aspect
Accessory peroneal muscles

The peroneal muscles are two, the peroneus longus and
peroneus brevis.
They run posteriorly to the lateral malleolus, the brevis more anterior than the longus.
A third peroneus can be found with a prevalence of up
to 95% in cadaveric studies [38]. The muscle and tendon
are located in the anterior compartment of the leg, arising
from the anterior aspect of the distal fibula and the extensor digitorum longus muscle. The tendon normally runs

Peroneus quartus There are a number of other
accessory peroneal muscles, with names such as peroneus accessorius, peroneocalcaneus externum, peroneus
digiti minimis and peroneus quartus. This last term is
the one generally used for accessory peroneal muscles in
the postero-lateral aspect of the leg [40].
Prevalence is difficult to set. In general, cadaveric and
radiological studies demonstrate similar prevalence, approximately 10% on MRI [41] and 22% on ultrasound
[42]. A recent review of 46 studies reported an overall
prevalence of 16% [43].
It is more commonly bilateral and seen in males.
In most cases, the peroneus quartus arises from the
peroneus brevis, but it can arise from the peroneus
longus and fibula as well. The tendon is medial and posterior to the brevis and longus peroneal tendons.
The insertion is very variable and will determine the
different given names. The most common insertion is on
the calcaneus, known as peroneocalcaneus externum,
with a prevalence of 79–91% [44].
The peroneus accessorius arises from the peroneus
brevis to insert onto the peroneus longus, and the peroneus digiti minimi arises from the peroneus brevis and
inserts onto the head of the fifth metatarsal and base of
the first phalanx [38, 40]. Insertion on the peroneus brevis, cuboid and peroneus longus or inferior retinaculum
have also been described [45] (Fig. 10).
The peroneus quartus is a pronator. It is normally
asymptomatic, but in some cases, it can cause crowding
in the retinaculum, leading to subluxation of the
peroneal tendons or tears due to friction.
A peroneus quartus can be removed in the cases in
which it is causing pathology. A very interesting feature
of this accessory muscle is that it can be used on ankle
surgery to repair retinaculum injuries [38].
Finally, the peroneus quartus can result in imaging pitfalls. The accessory tendon of the peroneus quartus, separated by a tissue plane from the other peroneal
tendons, can be mistaken for a tear, but distinguishing it
becomes easy by following the tendon to its own independent muscle belly [42].
Posteromedial aspect
Flexor digitorum accessorius longus

The flexor digitorum longus arises from the tibial surface, below the origin of the soleus. The tendon courses
posterior to the medial malleolus and splits into four different tendons that insert on the distal phalanxes of the
second to fifth toes.

Anterior
aspect

95%

14%

Rare

Rare

Rare

Extensor hallucis
capsularis tendon

Anterior
fibulocalcaneus

Accessory extensor
digiti secundus

Tibioastragalus
anticus of Gruber

Lower third of the anterolateral
tibia and interosseous
membrane

Extensor hallucis longus tendon
or muscle

Fibula, peroneus tertius

Extensor hallucis longus tendon
or muscle

Anterior aspect of the distal
fibula and the extensor
digitorum longus muscle

Medial tibia

–

Tibiocalcaneus
internus

Peroneus tertius

Anterior surface of the soleus,
partially sharing the soleus
origin

0.7–5.5%

Accessory soleus

Internal aspect of the fibula,
below the origin of the flexor
hallucis longus

1%

Peroneocalcaneus
internus

Calcaneus (79–91%)
Head of the fifth
metatarsal and base of
the first phalanx

Peroneocalcaneus
externum
Peroneus digiti
minimis

Clinical significance
Potential crowding in the
retinaculum, leading to
subluxation of the peroneal
tendons or tears due to friction
Imaging pitfall—mistaken by
tear

First metatarsophalangeal joint capsule

Dorsal surface of the shaft of the fifth
metatarsal

Medial calcaneus

Achilles tendon

Small tubercle on the medial aspect of the
calcaneus, below the sustentaculum

Medial phalanx second digit
Anterolateral aspect of the neck of the talus

Tendons parallel to the
extensors
Tendon is deep to the tibialis
anterior and extensor hallucis
longus tendon

Potential tendon transfer

Incidental finding

Pain due to impingement

Grafting if needed for
reconstruction, especially in
cases of hallux dysfunction

normally asymptomatic,
however snapping of its tendon
over the lateral dome of the
talus has been described

Tarsal tunnel syndrome

Soft tissue mass (incidental
finding) Associated pain,
triggered by exercise
Tarsal tunnel syndrome

Crowding in the tarsal tunnel
Occasionally, limitation of
movement, posterior ankle
impingement and flexor hallucis
longus tenosynovitis

Quadratus plantae or flexor digitorum longus Tarsal tunnel syndrome
Flexor hallucis longus
tenosynovitis

Peroneus longus

Insertion
Peroneus
accessorius

Tendon parallel to the extensors Calcaneus, anterosuperior to fibular throclea

Parallel extensor hallucis longus

Tendon normally running along
the extensor digitorum longus
tendon

Deep in the flexor retinaculum

Antero-medially to the Achilles,
superficial to the flexor
retinaculum

Posterior to flexor hallucis
longus displacing it anteriorly
and medially, with the tendons
running parallel

Beneath the flexor retinaculum,
through the tarsal tunnel,
superficial to the neurovascular
bundle

Medial margin of the tibia or
from the lateral aspect of the
fibula distal to the origin of the
flexor hallucis longus

6–8%

Posteromedial Flexor digitorum
aspect
accessorius longus

Course

Variable
Tendon is medial and posterior
Peroneus brevis (most common) to the brevis and longus
Peroneus longus
peroneal tendons
Fibula

Prevalence Origin

Lateral aspect Accessory peroneus 16%
muscles (peroneus
quartus)

Muscles

Table 2 Prevalence, origin, course, insertion and clinical significance of the accessory muscles around the ankle and hindfoot
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Fig. 10 Peroneus quartus. 44-year-old man referred for follow-up of an osteochondral lesion in the talus. Axial FSE T1 images in different planes
(a) proximal and (b) distal demonstrate the incidental finding of a peroneus quartus (white arrow). This descends to insert in the lateral aspect of
the calcaneus, with a fleshy attachment (arrowhead)

Prevalence of the flexor digitorum accessorius longus
has been set in 6–8% [46]. It is more common in males
and it is unusual to find it bilaterally.
The flexor digitorum accessorius longus can arise from
any structure in the posterior compartment but is seen to
arise more frequently from the medial margin of the tibia
or from the lateral aspect of the fibula distal to the origin
of the flexor hallucis longus. The tendon courses beneath
the flexor retinaculum, through the tarsal tunnel, superficial to the neurovascular bundle (posterior tibial artery
and nerve). It typically inserts onto the quadratus plantae
or flexor digitorum longus [46] (Fig. 11).

In the tarsal tunnel, the tendon or low-lying fibres of
the muscle can create a compromise of space, and so the
presence of a flexor digitorum accessorius longus has
been linked to tarsal tunnel syndrome [47]. One surgical
report found that up to 12% cases of tarsal tunnel were
caused by flexor digitorum accessorius longus [44, 48].
The presence of this accessory muscle has also been
associated to flexor hallucis longus tenosynovitis [49].
Peroneocalcaneus internus

The peroneocalcaneus internus muscle is a rare accessory
muscle. In a series of asymptomatic volunteers, its

Fig. 11 Flexor digitorum accessorius longus inserting in the quadratus plantae. 35-year-old man, referred for pain in the Achilles. a-d Axial FSE T1
images at different planes from proximal to distal show the course of a flexor digitorum accessorius longus. This is medial to the flexor hallucis
longus and is included in the flexor retinaculum. The accessory muscle inserts in the quadratus plantae (white arrows)
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prevalence was estimated on 1% [44]. In one of four cases,
this will be a bilateral finding.
The peroneocalcaneus arises from the internal aspect
of the fibula, below the origin of the flexor hallucis
longus, and descends posterior to this displacing it anteriorly and medially, with the tendons running parallel.
This configuration has the potential to cause crowding
in the tarsal tunnel [50, 51]. The peroneocalcaneus internus inserts on a small tubercle on the medial aspect of
the calcaneus, below the sustentaculum (Fig. 12).
The presence of the muscle is normally asymptomatic,
given it is not directly related to the neurovascular bundle.
Only in very rare cases in which the peroneocalcaneus
internus displaces the flexor hallucis longus medially a tarsal tunnel syndrome has been reported [50]. Occasionally,
limitation of movement, posterior ankle impingement and
flexor hallucis longus tenosynovitis have also been described in association to its presence.
It can be mistaken with a flexor digitorum accessorius
longus, but its location posterior to the flexor hallucis
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longus, as opposed to the neurovascular bundle, and
its insertion on the calcaneus, as opposed to the
flexor digitorum longus or quadratus plantae, help on
distinction [38].
A rare associated problem with the presence of a peroneocalcaneus internus is the possibility to fail to recognise this separately from the flexor hallucis longus in
arthroscopy (mistaking it with the flexor hallucis longus
tendon), which may lead to an altered surgical approach,
and potential injury to the neurovascular bundle. The
flexor hallucis longus is used as a landmark for the medial margin of safety in arthroscopic surgery [44].

Accessory soleus

The soleus is located in the deep posterior compartment
and arises from the proximal fibula, the posterior (soleal
line) and medial tibia and a fibrous line bridge in between tibia and fibula. Its tendon normally joins the
Achilles tendon.

Fig. 12 Peroneocalcaneus internus (PCI). 17-year-old woman for follow-up for osteochondral lesion in talus. Incidental finding of a peroneocalcaneus
internus. a-c Axial FSE T1 at different levels from proximal to distal (black arrows) demonstrates the muscle belly and tendon, descending parallel to
the flexor hallucis longus and inserting into the medial aspect of the calcaneus (black arrowhead). Coronal FSE T1 in two slices, from (d) posterior to (e)
anterior in the same patient nicely depicts the PCI tendon (black arrow) parallel to the flexor hallucis longus (white arrow), descending to insert into
the calcaneus, below the sustentaculum (black arrowhead), more medial than the flexor hallucis longus (white arrowhead)
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Accessory solei have a prevalence of 0.7–5.5% according to cadaveric studies [52].
The accessory soleus normally arises from the anterior
surface of the soleus, partially sharing the soleus origin,
and descends antero-medially to the Achilles, superficial
to the flexor retinaculum, to insert on either the Achilles
or the calcaneus, on the superior or medial surface, with
a tendinous or a fleshy insertion. The different types of
insertion define the different types of classified accessory
soleus [53] (Fig. 13).
An accessory soleus may present as a soft tissue mass
in the postero-medial aspect of the ankle. It tends to be
noted if there is an increase in muscle mass and activity,
and sometimes, there is associated pain, triggered by exercise, that could be explained by the increase of intrafascial pressure or insufficient blood supply [52, 53]. In
some cases, it may cause compression of the posterior
tibial nerve, and associated tarsal tunnel syndrome has
been described in cases in which the accessory soleus inserts onto the medial calcaneus.
Accessory solei may be evident on radiographs, as partial obliteration of the Kager fat pad. MRI and CT are
more sensitive and specific, and in the case of MRI, intrinsic muscular changes and relations with adjacent
structures can be evaluated to investigate the aforementioned associated pathologies [44, 53].

Tibiocalcaneus internus

The tibiocalcaneus is a rare accessory muscle, with only
a few radiology reports [44, 54].
It has been described arising from the medial tibia and
inserting on the medial calcaneus, similarly to a subtype
of accessory soleus, with the difference that the tibiocalcaneus is located deep in the flexor retinaculum. As a
difference from the flexor digitorum accessorius longus,
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the tibiocalcaneus inserts onto the calcaneus and not the
flexor digitorum longus or quadratus plantae.
Given the deep location in the flexor retinaculum,
this accessory muscle can potentially cause tarsal tunnel syndrome [38].

Anterior aspect

A third peroneus muscle and tendon located in the anterior compartment is a common finding that can be
found with a prevalence of up to 95% in cadaveric studies [38]. The muscle arises from the anterior aspect of
the distal fibula and the extensor digitorum longus
muscle, with the tendon normally running along the extensor digitorum longus tendon and inserting on the
dorsal surface of the shaft of the fifth metatarsal. The
presence of the third peroneus is normally asymptomatic; however, snapping of its tendon over the lateral
dome of the talus has been described [39].
The extensor hallucis capsularis tendon has been
estimated to have a prevalence of 14% in the population. The tendon arises from the extensor hallucis
longus tendon or muscle, in most of the cases, and
inserts onto the first metatarsophalangeal joint capsule. This tendon may be useful in the cases in which
grafting is needed for reconstruction, especially in
cases of hallux dysfunction [55].
Other rare accessory muscles have been described in
the anterior compartment of the leg, with tendons parallel to the extensors, such as the anterior fibulocalcaneus
[56], which originates in the fibula and peroneus tertius
and inserts in the calcaneus, potentially causing pain
due to impingement, and a variation of the extensor hallucis longus, as an accessory extensor digiti secundus
[57, 58], which originates with the extensor hallucis
longus, runs parallel to it and inserts in medial phalanx

Fig. 13 Accessory soleus. 36-year-old woman referred for follow-up of an osteochondral lesion. Incidental finding of an accessory soleus. Axial
FSE T1 at different levels from (a) proximal to (b) distal demonstrates the muscle belly anterior to the soleus, superficial to the flexor retinaculum
(black arrows). The tendon descends to insert in the medial aspect of the calcaneus. c Sagittal plane CT reconstruction with soft tissue algorithm
in the same patient also allows visualisation of the muscle, extending to insert in the calcaneus (black arrowhead)
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of the second digit. This is normally an incidental finding, with no clinical implication.
The tibioastragalus anticus of Gruber’s muscle is another rare accessory muscle in the anterior compartment
of the leg. The muscle arises from the lower third of the
anterolateral tibia and interosseous membrane and inserts onto the anterolateral aspect of the neck of the
talus. The tendon is deep to the tibialis anterior and extensor hallucis longus tendon [59]. This accessory
muscle can be used for tendon transfer or graft.

Conclusion
This review has illustrated the imaging findings related
to the presence of accessory ossicles and muscles in the
ankle and foot through different techniques and the potential clinical implications related to their existence,
highlighting the importance of each technique in the
diagnosis and assessment of related pathology.
Most accessory ossicles will represent an incidental
finding on radiographs. Accessory muscles can occasionally represent an incidental finding on radiographs, but
are mainly incidentally noted on MRI and CT.
In cases where pathology in relation to the presence of
these structures is suspected, detailed clinical correlation
and careful assessment with MRI and CT plays a very
important role.
It is useful for the radiologist to be familiar with the
characteristics of these anatomical variants to avoid
misdiagnosis.
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Abstract
Accessory anatomical structures in the ankle and foot usually represent incidental imaging findings; however, they may
also eventually represent a source of pathology, such as painful syndromes, degenerative changes, be the subject of
overuse and trauma, or appear as masses and cause compression syndromes or impingement. This review aims to
describe and illustrate the imaging findings related to the presence of accessory ossicles and muscles in the midfoot
and forefoot through different techniques, with special attention on those variants that associate factors of clinical
relevance or that would trigger challenges in the differential diagnosis.
Keywords: Foot, Accessory ossicles, Accessory muscles, Computed tomography, Magnetic resonance

Key points
 Accessory anatomical structures in midfoot and

forefoot are a common incidental finding
 Anatomical variants may trigger challenges in the

differential diagnosis
 Anatomical variants may be a source of pathology

Introduction
A number of anatomical variations can be found in the
ankle and foot. These include accessory ossicles, additional
sesamoid bones, variations in number and configuration of
sesamoid bones, coalitions, bipartitions, and variants in the
soft tissues, such as accessory muscles.
These findings are subject to a lot of variation. Most
of them represent developmental abnormalities that constitute incidental radiographic findings [1].
Accessory ossicles in most cases are a result of unfused
ossification centers. They are seen as subdivisions of existing bones or free elements in vicinity of the normal bone
structures. Sesamoid bones have a different anatomical
nature. They functionally represent components of a
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7
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gliding mechanism and are at least partially embedded in
tendons, reducing friction and protecting the tendon
structure [1, 2].
The most common accessory ossicles in the ankle and
foot are the os trigonum, the accessory navicular (among
the different three types, type II is the most common),
and the os intermetatarseum, in this order. Regarding
accessory sesamoid bones, the os peroneum is the most
frequently found [2].
Accessory ossicles and muscles are also generally
asymptomatic, and discovered incidentally on imaging
studies. However, they may also eventually represent a
source of pathology, giving rise to painful syndromes,
degenerative changes, be the subject of overuse and
trauma, or appear as masses and cause compression syndromes or impingement.
Our aim with this review is to illustrate the imaging findings related to the presence of accessory ossicles and muscles in the ankle and foot through different techniques,
with special attention to those variants that associate factors
of clinical relevance or, in the case of the ossicles, would
pose a challenge in the differential with fractures.
Bone coalitions, given their complexity and frequent
clinical implications, deserve separate analysis and will
not be the object of this review.

© The Author(s). 2019 Open Access This article is distributed under the terms of the Creative Commons Attribution 4.0
International License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and
reproduction in any medium, provided you give appropriate credit to the original author(s) and the source, provide a link to
the Creative Commons license, and indicate if changes were made.
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Fig. 1 Diagram of the location of the most common accessory bones of the midfoot. a Lateral and (b) AP projection of the midfoot. 1—Accessory
navicular (different types), 2—os supranaviculare, 3—os peroneum (sesamoid), 4—os cuboideum secundarium, 5—os intercuneiform

Midfoot
The midfoot is defined as the region in between the
Chopart joint (talo-navicular and calcaneo-cuboid joints)
and the Lisfranc joint (tarso-metatarsal joint)
a. Ossicles (Fig. 1) (Table 1)
Accessory navicular

The accessory navicular is also known as the os tibiale,
os tibiale externum, or naviculare secundarium.

Estimated prevalence has been set in between 4 and
21% [1–3]. A recent long series by Kalbouneh et al. estimates it as 20.9% [4].
The accessory navicular is located adjacent to the
postero-medial tuberosity of the bone, and three different configurations exist [5].
The type I is an oval or round small ossified
structure, located within the tibialis posterior tendon.
In some cases, there are several of them (multiple configuration) [5].

Table 1 Prevalence, clinical significance, and differential diagnosis of the most common types of variants and accessory ossicles in
the midfoot
Ossicle

Prevalence

Accessory navicular

4–21%

Clinical significance

Differential diagnosis

I

~ 30%

Asymptomatic

–

II

50% bilateral
50–90%

Disruption of the
synchondrosis
Chronic tendinosis
or tear
Flat-foot deformity
Osteonecrosis

Avulsion fractures of the tuberosity

III

~ 30%

Irritation of the
surrounding tissues
Adventitial bursa
formation
Flat foot deformity

–

Os supranaviculare

1%

Asymptomatic

Avulsion fractures of the capsule of the
talonavicular joint

Os peroneum

3–26%
(ossified form)
multipartite –
30% bilateral – 60%

Painful os peroneum
syndrome
Peroneus
longus tear

Fracture (os trigonum—os subfibulare
if migrated, multipartite if not)

Rare

Bipartite medial
cuneiform

0.3–2.4%

Degeneration and
overuse syndromes

Fracture

Os cuboideum
secundarium

–

Asymptomatic

Potential to mimic a mass
on MR

Os intercuneiforme

0.026%

Asymptomatic

Fracture
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They may be seen separated to up to 5 mm from the navicular tuberosity. Its prevalence is approximately 30% [6]
and represents the classically known os tibiale externum.
Type I accessory navicular are usually asymptomatic
(Fig. 2). Interestingly, the os tibiale externum has been
commonly described as a sesamoid in the literature [3–7],
which represents a different concept from an accessory ossicle. The distinction between the cases in which this represents a true accessory ossicle versus a sesamoid has been
made in the literature, in a cadaveric study by Bareither et
al. They demonstrated that when this structure is separated
3 mm or more from the tuberosity, there is no fibrotic
connection to the navicular tuberosity and therefore the
finding can be considered a sesamoid. When the bony
structure is located at a distance of less than 3 mm, there
is normally a fibrotic attachment to the navicular tuberosity, and thus represents a true accessory ossicle [8].
Type II is the most prevalent, up to 50% [9] of accessory
navicular and one of the most prevalent accessory bones in
the foot, with an estimated total prevalence of 2–12% [1–
3,7,9]. Type II consists of a triangular or hemispherical
unfused accessory ossification center, separated from the
navicular tubercle by a 1–2 mm synchondrosis. It is also
called os naviculare. Can be bilateral in 50 to 90% of the
cases [10]. This type of accessory navicular is the most
commonly symptomatic one.
Type III consists of a prominent tuberosity, and is the
least frequent, with an estimated prevalence of 30% among
accessory navicular [6]. It is also called cornuate navicular.
Many authors actually consider it a type II that has fused
to the tubercle. It may become symptomatic by irritation

Fig. 2 Type I accessory navicular. Sagittal fast spin echo T1 (FSE T1)
demonstrates the incidental finding of a type I accessory navicular in a
33-year-old man, referred with the suspicion of arthropathy. Signal
intensity is normal. Note how this is embedded in the tibialis posterior
tendon (white arrow)

Page 3 of 14

of the surrounding tissues, with possible adventitial bursa
formation [10] and flat foot deformity [4] (Fig. 3).
Symptomatic accessory navicular is most commonly
seen in the cases of type II accessory navicular. This is
mainly the result of altered biomechanics.
When this accessory bone is present, the distal portion of the tibialis posterior tendon straightens, causing adduction forces that can result in flat-foot
deformity, but besides, the tendon can be repeatedly
impinged on dorsiflexion of the ankle, which may
result in chronic tendinosis or tear [9].
Repetitive shearing forces in the synchondrosis may cause
disruption, which may also be followed by flat-foot deformity (Fig. 4). The accessory navicular can also suffer osteonecrosis [10].
Patients will present with foot pain over the medial
aspect of the midfoot in every case, and may show
features of flat-foot deformity and inability to

Fig. 3 Type III accessory navicular. Axial FSE T1 on a 60-year-old man
with pain in the medial aspect of the foot, over the bony prominence of
a type III accessory navicular (white arrow). Note a region of decreased
signal and trabeculation of the subcutaneous fat over the prominence of
the tuberosity (vitamin A marker). This suggests a degree of irritation of
the surrounding tissues due to friction
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Fig. 4 Type II accessory navicular. a Axial FSE T1 in a 37-year-old woman with history of tibialis posterior insufficiency. There is a type II accessory navicular,
with irregularity in the articular facets of the synchondrosis, indicative of abnormal mobility / mechanical overload. b Axial fast spin echo proton density
(FSE PD) fat sat in the same patient demonstrates increased signal intensity in keeping with edema in both aspects of the synchondrosis, indicating
shearing and stress in the joint, which is associated to the tibialis posterior insufficiency

single-heel lift, in the cases where tibialis posterior
loss of function has developed [11].
Radiographs will be able to detect the presence of an
accessory ossicle and deformity associated to flat-foot,
and occasionally soft tissue swelling in the region. In
some cases, the presence of the ossicle and associated
pathology in the posterior tibialis insertion and surrounding soft tissues can be demonstrated on ultrasound

[12]. Magnetic resonance imaging (MRI) is the preferred
imaging tool for accurate diagnosis, and will show bone
marrow edema in both aspects of the synchondrosis in
the cases of shearing and mechanical stress, and potentially, also associated pathology of the tibialis posterior,
such as signs of tenosynovitis, tendinosis, or tear. In the
cases of osteonecrosis, bone marrow edema will be
present in the ossicle [9, 13, 14].

Fig. 5 Differential diagnosis type II accessory navicular and navicular fracture. a Sagittal FSE T1 showing the incidental finding of a type II accessory
navicular (white arrow). Note how the synchondrosis represents a regular line. b A 51-year-old man with history of sprain several months ago and
persisting pain in the medial aspect of the midfoot. Sagittal FSE T1 demonstrates the sequel of a transverse slightly irregular hypointense line of fracture
through the navicular, with no displacement of fragments (curved black arrow)
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Fig. 6 Os supranaviculare. Example of an incidental finding of an os supranaviculare (arrowhead) on a 39-year-old woman, referred with the suspicion
of sesamoiditis

Differential diagnosis has to be made with avulsion
fractures of the tuberosity [7], which result from
acute eversion of the foot and increased tension of
the posterior tibialis tendon. These may happen in
conjunction with impaction fractures of the cuboid,
which may help in diagnosis [15]. A background of
trauma and an irregular instead of a smooth separation line from the tubercle will suggest fracture
(Fig. 5). The ossicle is normally well corticated with
smooth contours, and bilateral. Clinically, and sometimes radiologically, a complete disruption of the

synchondrosis with avulsion of the ossicle can be very
similar to a fracture [16].

Os supranaviculare

The os supranaviculare is also known as the os talonaviculares dorsalis, talonavicular ossicle, or Pirie’s
bone. It can be found in the dorsal aspect of the talonavicular joint.
This is a rare os, with a prevalence that has been
estimated as 1%, and usually asymptomatic [2]. In

Fig. 7 Differential diagnosis of os supranaviculare. The differential diagnosis has to be established with an avulsion fracture of the talo navicular joint
capsule, as seen in this lateral radiograph (white arrow). Note the mild swelling of the soft tissues associated and the more linear configuration of the
fragment, compared to the more triangular shape of the ossicle. Incidental note os peroneum (curved black arrow)
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Fig. 8 Symptomatic os peroneum. a A 61-year-old woman, referred for lateral ankle pain. Sagittal proton density spectral attenuation inversion recovery
(PD SPAIR). High signal intensity is present in the os peroneum (white arrow), in keeping with bone marrow edema. The peroneus longus tendon appears
hyperintense (arrowheads). b On FSE T1, in a slightly more lateral plane, the increased signal intensity in the peroneus longus tendon is also evident (black
arrowheads), proximal to the os peroneum, in keeping with tendinopathy

some cases, it is fused with the navicular, to form a
spur that has no clinical significance (Fig. 6).
Differential diagnosis has to be established with avulsion fractures of the capsule of the talonavicular joint,
which happen typically in middle-aged women and are
related to the use of high heels [15]. Fractures of the
capsule may associate fractures in the dorsal aspect of
the talar head, which may help in the differential.

History of trauma and development of pain and swelling in the region, and a more linear morphology favors
fracture over ossicle [7] (Fig. 7).

Os peroneum

The os peroneum represents a sesamoid bone included
within the peroneus longus tendon, normally located at the

Fig. 9 Bipartite medial cuneiform. A 32-year-old man, on work up for left flat foot. Bilateral foot radiographs were taken. a Left lateral view demonstrates a
bipartite cuneiform (finding was bilateral but only right foot shown). The black arrow marks the synchondrosis in between medial cuneiform components.
b CT coronal reconstructions show a slightly larger plantar cuneiform. c Sagittal CT reconstruction shows that the addition of the volume of the two bones
is larger than a normal medial cuneiform would be
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Fig. 10 Diagram of the location of the most common accessory bones of the forefoot. a Lateral and (b) AP projection of the forefoot. 1—Hallux
sesamoid, 2—lesser metatarsal sesamoids, 3—interphalangeal joint sesamoids, 4—os vesalianum, 5—os intermetatarseum

level of the calcaneo-cuboid joint, just proximal to the
peroneal groove of the cuboid [17]. Occasionally, it may lie
in the plantar aspect of the cuboid and articulate with it.
The os peroneum, as an anatomical structure, is
thought to be present in everyone, at least in its
cartilaginous form, but accurate prevalence remains
unclear [18]. There is controversy on whether this
has an embryonic development or whether it constitutes a stress response due to the configuration and
course of the peroneus longus tendon [19].
In its ossified form prevalence has been estimated
from 3 to 26% [17, 20].

The os peroneum is bipartite or multipartite in up to
30% of cases, and bilateral in 60% [17]. It is best seen in
oblique radiographs of the foot.
The presence of an os peroneum may be linked to
pathology, known as “painful os peroneum syndrome”,
which can be acute or present as an overuse chronic
condition. The syndrome consists of pain and swelling
following the course of the peroneus longus tendon between the malleolus and cuboid, and lateral pain with
resisted plantar flexion of the foot [3].
Among the acute causes, ankle sprain is a common
one, through forceful contraction of the peroneus longus

Table 2 Prevalence, clinical significance, and differential diagnosis of the most common types of variants and accessory ossicles in
the forefoot
Ossicle

Prevalence

Hallucal
sesamoids

Multipartite
(gen medial)

2.7–33.5%
bilateral—22–85%

Absence

rare

2nd digit

0.4%

3rd digit

0.2%

4th digit

0.1%

5th digit

4.3%

Lesser metatarsal
sesamoids

Clinical significance

Differential diagnosis

Potential sesamoiditis
(osteoarthritis—osteonecrosis)

Sesamoid fracture (multipartite)

Asymptomatic (Infection
from surrounding
soft tissues)

–

Interphalangeal
joint sesamoids

2–13% ossified
73% nodule in
cadaver series

Interposition in joint dislocation.
Limitation to joint mobility and
painful callosity have been reported

–

Os vesalianum

0.1 to 1%

Very rarely a source of pathology
Painful conditions similar to the
os peroneum syndrome have
been reported

Avulsion fractures of the apophysis
and base of the fifth metatarsal

Os intermetatarseum

1.2–10%

Pain on palpation of the
dorsum of the foot (superficial
and deep peroneal nerves compression)

Small fractures of the base of the second
metatarsal in Lisfranc fracture—dislocations
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tendon during forced supination or dorsiflexion of the
foot. Fractures of the ossicle and tears of the peroneus
tendon longus are typical of acute presentation.
In a recent review, Bianchi et al. have proposed a
three-type classification for peroneus longus tears in the
context of the presence of an os peroneum, depending
on whether the tear occurs proximally to the ossicle
(type I), through the ossicle as a true fracture (type II),
or distal to the ossicle (type III).
In fractures through the ossicle (type II), if fragments are
not displaced, differential has to be made with a multipartite ossicle, through the rounder appearance of the components of the ossicle as opposed to sharp edges of fracture
fragments. Serial radiographs to assess for progressive displacement, that is frequent due to the tensile force of the
peroneus longus, and contralateral comparison of position
in the case of bilateral ossicles may also help.
When tears happen distally to the ossicle (type III),
this may migrate proximally and be superimposed to the
calcaneus and therefore difficult to detect on lateral radiographs, or be considered an unusually located os trigonum, or be mistaken with an os subfibulare on
computed tomography (CT) [19].
Chronic painful os peroneum syndrome is in general
more often described. It is due to repeated friction of the os
against the cuboid, stress fractures, local impingement in
the cases of hypertrophic os peroneum, or repetitive sports
activities with a component of hypersupination, and the
existence of partial tears [17, 21, 22].
Pathology of the os can be detected with all imaging
modalities. Radiographs are ideal for the assessment of
shape, contours, and location of the ossicle, and similarly is
CT. Ultrasound (US) can demonstrate pathology of the peroneus longus and grade it, and detect fractures, especially if
there is displacement. MRI is not ideal for the evaluation of
shape and contours; however, it will depict very clearly
alterations on bone marrow signal and demonstrate pathology in the tendon [3, 19, 23] (Fig. 8).
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A rare variant is the os cuboideum secundarium, with
the potential of mimicking a mass on MRI. Very few
case reports exist in the literature [26–28].
Another very rare variant is the os intercuneiform,
with a frequency estimated as 0.026% in large anatomical series [29].

Forefoot
For the purpose of the description, the forefoot is defined as the region distal to Lisfranc joint (tarso-metatarsal joint)
a. Ossicles (Fig. 10) (Table 2)

Rare bone variants

Bipartite bones can be present in the midfoot. The
most frequently involved bone is the medial cuneiform. Its incidence is estimated in between 0.3 and
2.4% [24].
A bipartite medial cuneiform has a plantar and a dorsal component, that articulate through a synchondrosis,
which is subject to degeneration and overuse syndromes (Fig. 9).
The common differential will be a fracture through
the medial cuneiform. Rounder margins, and an
added volume greater that the normal volume of a
medial cuneiform suggest bipartite configuration over
fracture [25].

Fig. 11 A 41-year-old woman referred after kite surfing trauma.
Incidental finding of a medial bipartite sesamoid (white arrow). Note the
smooth, rounded contours of the bipartite components. The added
volume of the bipartite components adds to a larger volume than a
single sesamoid. Note mild hallux valgus deformity and a fracture of the
base of the proximal phalanx in the second toe (black arrow)
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Fig. 12 Sesamoiditis. A 39-year-old woman, referred with the suspicion of sesamoiditis. Sagittal Fast FSE PD fat sat demonstrates increased signal intensity
in both aspects of the sesamoid—metatarsal joint, with loss of cartilage and narrowing of the joint space (black arrows), as well as associated increased
signal intensity in the subcutaneous tissue fat in the plantar aspect (white arrows). Findings are in keeping with degenerative change in joint, but there is
added adventitial bursitis reaction

Variations of the hallucal sesamoids

The hallux sesamoids are located within the medial and
lateral slips of the flexor hallucis brevis tendon. They lie
at the level of the head of the first metatarsal, and are
separated from each other by a small bony ridge, called
the crista, located in the plantar aspect of the metatarsal
head. The hallux sesamoids articulate with the plantar aspect of the metatarsal head. Their deep surfaces are covered
by hyaline cartilage and included within the capsule of the
joint, constituting a synovial joint [30]. They are embedded
within the plantar plate, stabilized by the medial and lateral
capsular ligament and phalangiosesamoid ligaments, and
connected with each other through the intersesamoid ligament. Besides from this, the medial sesamoid is further
stabilized by fibers of the abductor hallucis tendon, and the
lateral by the adductor hallucis tendon [3].
The sesamoids increase the mechanical potential of the
hallux flexors, besides from protecting the tendon that runs

in between them and acting as shock absorbers for the first
metatarsal head. They are therefore paramount in the biomechanics of the first metacarpal joint [24].
Incidence of multipartite sesamoids has been reported
from 2.7 to 33.5%. It is more common to find medial bipartite sesamoids than lateral sesamoids. Medial bipartite
sesamoids can be bilateral in a frequency ranging from 22
to 85% [3] (Fig. 11). Congenital absence of a sesamoid has
been described, but is extremely unusual [31].
Sesamoids are subject to the same pathological conditions as any other synovial joint, with the possibility of degenerative change, infective and inflammatory conditions,
and osteonecrosis.
Sesamoiditis is a term that clinically represents pain in
the sesamoid region.
This can be caused by multiple different conditions, the
most common one being osteoarthritic changes in the
joint with the metatarsal head. Typically, changes in both

Fig. 13 Lateral sesamoid fracture. A 35-year-old man with pain over plantar aspect of foot after trauma. a Axial FSE PD fat sat demonstrates a fracture of
the lateral sesamoid, with slight separation of fragments, and a band of interposed fluid (white arrowheads). b Sagittal FSE T1 demonstrates hypointensity
in the fracture fragments. The fracture line is visible, slightly more hyperintense than the adjacent fragments (white arrow)
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Fig. 14 Lesser metatarsal sesamoids. Oblique radiograph on a 42-yearold woman, referred after trauma of the ankle. Incidental finding
of multiple lesser sesamoids in the fifth, fourth, and second metatarsophalangeal joints (white arrows). The fifth is the most frequently found
one. Lesser sesamoid pathology is very rare
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aspects of the joint will be present in these cases in the
different imaging modalities. The joint will show the characteristic features of narrowing, subchondral sclerosis, and
development of geodes and osteophytes. On MRI, there
will be cartilage loss and evolving subchondral change,
with bone marrow edema as an early sign (Fig. 12).
The fact that changes are present in both aspects of the
joint is useful in distinguishing degenerative change from
other causes of sesamoid pain, such as a stress reaction,
where MRI findings will be similar but only appear in the
sesamoid. The sesamoid may eventually end up fragmented.
In other causes for chronic sesamoid pain, such as osteonecrosis, findings on MRI will resemble a stress reaction as
a start, and will overlap with osteoarthritis changes as collapse progresses and mechanical alteration develops [24].
Repetitive and exaggerated axial load in plantar flexion,
which is typical of activities such as ballet or running are
typical causes for sesamoiditis. Tendinosis and capsular inflammation can also develop and be a cause for chronic
pain in the region [32].
It is important to consider that the bipartite sesamoid
configuration can present superimposed pathology, and in
cases in which clinical symptoms suggest a fracture and
there is no previous knowledge of the variant, distinguishing in between other causes for pain and a fracture can be
challenging. In the case of fracture, there is usually a sharp
parting line, with interposed fluid, and the fragments fit together (Fig. 13). On MRI, there will be bone marrow edema
and edema in the surrounding soft tissues.
In the case of bipartition, the components are usually
rounder and would configure a greater than normal sesamoid if their sizes were added. On MRI, there could be edema
in the cases of stress reaction or mechanical overload [24].

Fig. 15 Interphalangeal joint sesamoid. A 33-year-old man referred for flat foot. Incidental finding of an interphalangeal joint sesamoid. Sagittal CT
reconstruction better demonstrates its position with respect to the interphalangeal joint (black arrow). A potential complication arises if there is a
phalangeal dislocation and the ossicle displaces into the joint space, blocking reduction
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Lesser metatarsal sesamoids

Sesamoids adjacent to the second through to fifth metatarsal
heads are embedded in the plantar aspect of the joint capsule
and may be bipartite or multipartite.
The most frequent one is the adjacent to the fifth metatarsal head one, with a prevalence of up to 4.3%, followed
by 0.4% at the second, 0.2% at the third, and 0.1% at the
fourth [33].
Pathology is very rare. Infection from direct spread from
adjacent soft tissue is a possibility [6] (Fig. 14).
Interphalangeal joint sesamoids

They are located at the interphalangeal aspect of the interphalangeal joint of the great toe. They are embedded within
the joint capsule. Prevalence in its ossified form has been

Fig. 16 Os vesalianum. Oblique radiograph. Incidental finding of a small
os vesalianum (white arrow). These very rarely constitute a source
of pathology
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reported as 2–13% [33]; however, a nodule in the joint has
been identified in 73% in a cadaver series [34] (Fig. 15).
Pathology linked to them is rare, but limitations to joint
mobility and painful callosity have been reported.
A potential complication derived from the presence of
an interphalangeal sesamoid is its interposition in the case
of interphalangeal joint dislocation, making it impossible
to reduce [35, 36].
Os vesalianum

The os vesalianum is located proximal to the apophysis of
the fifth metatarsal, within the peroneus brevis tendon.
Its prevalence has been estimated as 0.1 to 1% [6].
This accessory ossicle is very rarely a source of pathology, but painful conditions similar to the os peroneum
syndrome have been reported [37, 38].

Fig. 17 Differential of os vesalianum. Oblique radiograph. Old nonunited fracture fragment of the apophysis of the fifth metatarsal (black
arrow). The fracture line is visible (white arrow). This finding, in some
occasions, can resemble an os vesalianum
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The os vesalianum needs to be distinguished from
the normal ossification center of the tuberosity of the
fifth metatarsal in children, which is normally parallel
to the shaft.
This ossicle is located more distally than the os peroneum (which is normally projected over or adjacent to
the calcaneo-cuboid joint) and can be identified in AP
or lateral views. Differently to the os peroneum, which is
located within the peroneus longus tendon, the os vesalianum is located within the peroneus brevis tendon.
Differential diagnosis has to be made with avulsion
fractures of the apophysis and base of the fifth metatarsal. These are normally transverse and there is a history
of inversion injury [7] (Figs. 16 and 17).

Os intermetatarseum

The os intermetatarseum is located dorsally between the
medial cuneiform and the base of the first and second
metatarsals. It may exist separated from these bones,
articulate with them with a synovial articulation or be
fused to any of them and present as a spur projection [10,
39]. The os can be round or spindle shaped (Fig. 18).
Prevalence has been estimated as 1.2–10% [7];
however, there is still controversy about its origin and
real prevalence.
The os can suffer fracture or be related to painful
conditions [40].
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The symptomatic os intermetatarseum causes pain on
palpation of the dorsum of the foot, because superficial
and deep peroneal nerves are compressed [40, 41].
Differential diagnosis has to be made with small fractures of the base of the second metatarsal in Lisfranc
fracture—dislocations. These fractures usually occur as a
result of exaggerated plantar flexion and rotation, normally in a high-energy trauma setting, and associate
malalignment and soft tissue swelling [6].
b. Soft tissues of the midfoot and forefoot (Table 3)
Variations related to attachments and slips of muscular
structures can be found in the midfoot and forefoot, but
these are usually asymptomatic.
Accessory muscles are less common than in the ankle,
and also frequently asymptomatic. They may cause a
mass effect and result in compressive neuropathies in
rare occasions.
Some of accessory muscles with potential implications
have been listed in the literature. An accessory plantar
muscle belly to the adductor hallucis has been described,
arising from the fourth metatarsal and inserting with the
normally configured oblique and transverse heads of the
adductor hallucis [42]. Given the adductor hallucis can be
used in transposition to alleviate symptoms of hallux valgus
and in reconstructive surgeries to cover defects, variations
in its normal configuration and anatomy can be relevant.

Fig. 18 Os intermetatarseum. A 36-year-old man, investigated for pain in the Achilles. Radiographs demonstrate a spur projection in the dorsum
of the foot, overlying the base of the metatarsal (not shown). a Coronal FSE T1 demonstrates how this articulates with the base of the second
metatarsal, with a synchondrosis (white arrowhead). b Axial three-dimensional gradient echo water selective/fluid (WATSf) demonstrates this
exostosis arises from the base of the first metatarsal, and extends over the joint with the base of the second metatarsal (white arrow). These
ossicles rarely represent a cause or pathology, unless compression irritates the superficial and deep peroneal nerves
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Table 3 Origin, insertion, and clinical significance of rare accessory muscles around the mid and forefoot
Muscle

Origin

Insertion

Clinical significance

Accessory plantar muscle belly to the
adductor hallucis

Fourth metatarsal

Oblique and transverse heads
of the adductor hallucis

Transposition to alleviate symptoms
of hallux valgus

Variant of the flexor digitorum accesorius
or quadratus plantae

Calcaneus

Lateral aspect of the flexor
digitorum longus tendon

Tarsal tunnel syndrome

Accessory flexor digiti minimi pedis
(duplicated variant)

Tibialis posterior

Middle phalanx of the fifth digit

Graft—transposition

A variant of the flexor digitorum accesorius or quadratus plantae has been associated with tarsal tunnel syndrome. The traditionally described configuration of the
muscle arises from the calcaneus and inserts onto the
lateral aspect of the flexor digitorum longus tendon. In a
cadaveric study, the muscle was found to have high variability in its configuration, with more variability in the
origin of its medial head, which in 80% of the cases was
seen to extend into the tarsal tunnel. The lateral head
was seen to be less variable and almost always have an
aponeurotic origin [43].
A rare accessory flexor digiti minimi pedis arising
from the tibialis posterior and inserting on the middle
phalanx of the fifth toe has also been described [44], as
well as duplication of the flexor digiti minimi pedis.
These can also be used for grafting—transposition [42].

Conclusion
This review has illustrated the imaging findings related
to the presence of accessory ossicles and muscles in the
midfoot and forefoot through different techniques, and
the potential clinical implications related to their existence, highlighting the importance of each technique in
the diagnosis and assessment of related pathology.
Most accessory ossicles and sesamoids will represent an
incidental finding on radiographs. Accessory muscles can
occasionally represent an incidental finding on radiographs, but are mainly incidentally noted on MRI or CT.
In the cases where pathology in relation of the presence of these structures is suspected, detailed clinical
correlation and careful assessment with MRI and CT
will play an important role.
It is useful for the radiologist to be familiar with the
characteristics of these anatomical variants to avoid
misdiagnosis.
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Abstract
A syndesmosis is defined as a fibrous joint in which two adjacent bones are linked by a strong membrane or ligaments. This definition also applies for the distal tibiofibular syndesmosis, which is a syndesmotic joint formed by
two bones and four ligaments. The distal tibia and fibula form the osseous part of the syndesmosis and are linked
by the distal anterior tibiofibular ligament, the distal posterior tibiofibular ligament, the transverse ligament and
the interosseous ligament. Although the syndesmosis is a joint, in the literature the term syndesmotic injury is used
to describe injury of the syndesmotic ligaments. In an estimated 1–11% of all ankle sprains, injury of the distal tibiofibular syndesmosis occurs. Forty percent of patients still have complaints of ankle instability 6 months after an
ankle sprain. This could be due to widening of the ankle mortise as a result of increased length of the syndesmotic
ligaments after acute ankle sprain. As widening of the ankle mortise by 1 mm decreases the contact area of the
tibiotalar joint by 42%, this could lead to instability and hence early osteoarthritis of the tibiotalar joint. In fractures
of the ankle, syndesmotic injury occurs in about 50% of type Weber B and in all of type Weber C fractures. However, in discussing syndesmotic injury, it seems the exact proximal and distal boundaries of the distal tibiofibular
syndesmosis are not well defined. There is no clear statement in the Ashhurst and Bromer etiological, the LaugeHansen genetic or the Danis-Weber topographical fracture classification about the exact extent of the syndesmosis.
This joint is also not clearly defined in anatomical textbooks, such as Lanz and Wachsmuth. Kelikian and Kelikian
postulate that the distal tibiofibular joint begins at the level of origin of the tibiofibular ligaments from the tibia
and ends where these ligaments insert into the fibular malleolus. As the syndesmosis of the ankle plays an important role in the stability of the talocrural joint, understanding of the exact anatomy of both the osseous and ligamentous structures is essential in interpreting plain radiographs, CT and MR images, in ankle arthroscopy and in
therapeutic management. With this pictorial essay we try to fill the hiatus in anatomic knowledge and provide a
detailed anatomic description of the syndesmotic bones with the incisura fibularis, the syndesmotic recess, synovial
fold and tibiofibular contact zone and the four syndesmotic ligaments. Each section describes a separate syndesmotic structure, followed by its clinical relevance and discussion of remaining questions.
Key words ankle; CT; macroscopy; microscopy; MRI; tibiofibular syndesmosis; ultrasound.

Introduction
A syndesmosis is defined as a fibrous joint in which two
adjacent bones are linked by a strong membrane or ligaments. This definition also applies for the distal tibiofibular
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syndesmosis, which is a syndesmotic joint formed by two
bones and four ligaments. The distal tibia and fibula form
the osseous part of the syndesmosis and are linked by the
distal anterior tibiofibular ligament (ATIFL), the distal posterior tibiofibular ligament (PTIFL), the transverse ligament
and the interosseous ligament. Although the syndesmosis is
a joint, in the literature the term syndesmotic injury is used
to describe injury of the syndesmotic ligaments. To avoid
confusion, we will do the same.
In an estimated 1–11% of all ankle sprains, injury of the
distal tibiofibular syndesmosis occurs. Forty percent of
patients still have complaints of ankle instability 6 months

ª 2010 The Authors
Journal of Anatomy ª 2010 Anatomical Society of Great Britain and Ireland

634 Anatomy of the distal tibiofibular syndesmosis, J. J. Hermans et al.

after an ankle sprain. This could be due to widening of the
ankle mortise as a result of increased length of the syndesmotic ligaments after acute ankle sprain. As widening of
the ankle mortise by 1 mm decreases the contact area of
the tibiotalar joint by 42% (Harris & Fallat, 2004; Ramsey &
Hamilton, 1976), this could lead to instability and hence
early osteoarthritis of the tibiotalar joint.
Syndesmotic injury can occur after trauma to the ankle,
both with and without a fracture of the osseous part. In
fractures of the ankle, syndesmotic injury occurs in about
50% of type Weber B and in all type Weber C fractures,
whereas in ankle sprains without fracture, syndesmotic
injury accounts for 1–11% of all injuries (Hopkinson et al.
1990).
However, in discussing syndesmotic injury it seems the
exact proximal and distal boundaries of the distal tibiofibular syndesmosis are not well defined. There is no
clear statement in the Ashhurst & Bromer (1922) etiological,
Lauge-Hansen (1950) genetic or Weber (1972) topographical fracture classifications, concerning the exact extent of
the syndesmosis. This joint is also not clearly defined in
anatomical textbooks, such as Lanz & Wachsmuth (1972).
Kelikian & Kelikian (1985) postulate that the distal tibiofibular joint begins at the level of origin of the tibiofibular

A

C

ligaments from the tibia and ends where these ligaments
insert into the fibular malleolus.
As the syndesmosis of the ankle plays an important role
in the stability of the talocrural joint, understanding of the
exact anatomy of both the osseous and ligamentous structures is essential for interpretation of plain radiographs, CT
and MR images in ankle arthroscopy and in therapeutic
management.
With this pictorial essay we try to fill the hiatus in anatomic knowledge and provide a detailed anatomic description of the syndesmotic bones with the incisura fibularis,
the syndesmotic recess, synovial fold and tibiofibular
contact zone and the four syndesmotic ligaments. Each
section below describes a separate syndesmotic structure,
followed by its clinical relevance and discussion of remaining questions.

Syndesmotic bones and incisura fibularis
Anatomy
At the apex of the syndesmosis, the crista interossea tibiae,
i.e. the lateral ridge of the tibia, bifurcates caudally into an
anterior and posterior margin (Fig. 1). The anterior margin
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Fig. 1 Axial CT images at the level of the
distal tibiofibular joint from (A) proximal to
(D) distal (male, 53 years). The interosseous
membrane (1) is visible between the tibial and
fibular crest (A ). A little lower, the tibial crest
forms an anterior and a posterior margin (2).
The lateral aspect of the distal fibula is convex
and fits into the concave tibial incisure. The
fascicles of the interosseous ligament bridge
the fibular incisure and run obliquely upward
from the fibula towards the tibia. In the axial
plane, the obliquely running fibres are
depicted as small dots (3). The interosseous
ligament extends till 1 cm above the tibiotalar
joint. In (C) the full length and maximal depth
of the incisure are visible. At the level of the
tibiotalar joint, the anterior aspect of the
fibular incisure flattens again to form the
contact area with the fibula (4), which is also
flat at its antero-medial border.
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ends in the antero-lateral aspect of the tibial plafond called
the anterior tubercle (Chaput’s tubercle). The posterior margin ends in the posterolateral aspect of the tibial plafond
called the posterior tubercle. The anterior and posterior
margins of the distal tibia enclose a concave triangle, with
its apex 6–8 cm above the level of the talocrural joint
(Kelikian & Kelikian, 1985). The base of the triangle is
formed by the anterior and posterior tubercle of the tibia,
with the incisura tibialis in between. The anterior tubercle is
more prominent than the posterior tubercle and protrudes
further laterally and overlaps the medial two thirds of the
supramalleolar shaft of the fibula (Kelikian & Kelikian,
1985).
The fibular part of the syndesmosis is congruent with its
tibial counterpart. The crista interossea fibularis, i.e. the
ridge on the medial aspect of the fibula, also bifurcates into
an anterior and posterior margin and forms a convex triangle that is located above the articular facet on the lateral
malleolus. The base of the fibular triangle is formed by the
anterior tubercle (Wagstaffe–Le Fort tubercle) and the,
almost negligible, posterior tubercle. The apex of the fibular triangle and the apex of the tibial triangle are situated
at the same level. The convex shape of the distal fibula
matches the concave incisura tibialis.
The incisura tibialis is also known under a variety of other
names: the incisura fibulae, fibular incisure of the tibia, incisural notch, fibular notch of the tibia, peroneal groove of
the tibia and syndesmotic notch. According to international
terminology (Terminologia anatomica) its official name is
incisura fibularis tibiae. Whenever the incisura tibialis is
flattened, i.e. less concave, the distal fibula becomes less
convex. The depth of the incisura tibialis increases
from proximal to distal and its shape varies from concave
(60–75%) to shallow (25–40%), giving the syndesmosis a
rectangular shape with irregular forms (Hocker & Pachucki,
1989; Elgafy et al. 2010). Its depth varies from 1.0 to 7.5 mm
(Grass, 2000; Sora et al. 2004) and is a little less in women
than in men (Yildirim et al. 2003).

Clinical relevance
The size and shape of the incisura tibialis play an important
role in ankle injury. The anterior tibial tubercle is larger
than the posterior tubercle and prevents forward slipping
of the distal fibula, while the diminutive posterior tubercle
allows backward dislocation of the distal fibula. In fibula
fractures caused by external rotation, the posterior tubercle
functions as a fulcrum and the distal fibula spins around its
longitudinal axis in a lateral direction (Kelikian & Kelikian,
1985).
A shallow incisura tibialis may predispose to recurrent
ankle sprains (Mavi et al. 2002) or syndesmotic injury with
fracture-dislocation (Ebraheim et al. 1998). After acute
ankle fracture, good repositioning of the fibula is necessary
to create a good alignment and rotation of the fibula in the

incisura tibialis, in order to maintain a good position of the
talus in the tibiofibular joint or ankle mortise. When the
talus moves 1 mm laterally, the contact area of the tibiotalar
articulation decreases by 42% (Ramsey & Hamilton, 1976).
This could lead to early osteoarthritis of the tibiotalar joint.
It is difficult to determine the correct alignment of the
fibula on a plain X-ray of the ankle. Several measurements
have been introduced to assess the integrity of the syndesmosis and stability of the ankle on X-rays, such as the tibiofibular overlap (TFO) (Pettrone et al. 1983; Harper &
Keller, 1989), the tibiofibular clear space (TFCS) (Leeds &
Ehrlich, 1984; Sclafani, 1985; Harper & Keller, 1989) and the
ratio between the medial and superior clear space
(MCS ⁄ SCS) (Beumer et al. 2004). However, compared with
MRI, CT and peroperative findings, these measurements are
not very accurate (Nielson et al. 2005; Miller et al. 2009).
Therefore in patients with suspected instability of the distal
tibiotalar joint, a CT scan or MRI should be performed to
evaluate more accurately the position of the fibula in the
incisura tibialis (Taser et al. 2006).

Tibiofibular contact zone
Anatomy
At the base of the syndesmosis there is a small area where
the tibia and fibula are in direct contact. This area is called
the tibiofibular contact zone. Its facets are covered with a
small strip of hyaline cartilage about 0.5–1.0 mm thick (Lanz
& Wachsmuth, 1972; Kelikian & Kelikian, 1985; Bartonicek,
2003; Ebraheim et al. 2006) (Figs 2 and 3). The tibial cartilage rim is a continuation of the cartilage covering the tibial
plafond and is 3–9 mm in length and about 2–5 mm in
height. The rim of fibular cartilage is continuous with the
articular facet of the fibular malleolus.

Clinical relevance
There is little information about the variation in size and
presence of the cartilage-covered tibiofibular contact area
and little is known about its function. The contact zone is
not always present (Bartonicek, 2003).
The minimal size of the cartilaginous facets could be
explained by the fact that the main forces acting on the distal tibiofibular articulation are strain forces (Tillmann et al.
1985). The two bones can come into direct contact in maximal plantar flexion when the fibula rotates internally and
shifts anteriorly.
Although this articulation can be seen as only a minor
joint considering the size of its cartilage surface, this bony
connection can play an important role in the detection of
malalignment of the malleolar mortise in ankle fractures or
in anatomically based reconstructive surgery of the anterior
syndesmosis. In this respect a detailed knowledge of the
three-dimensional situation after fracture of this joint is of
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Fig. 2 A 45 oblique slice through the right distal tibiofibular syndesmosis of a fresh frozen anatomic specimen (male, 85 years). A thin layer of
cartilage (1) covers the lateral tibia and the medial fibula at the level of the tibiofibular contact zone. In between is the syndesmotic recess, which
is filled with intra-articularly injected green coloured resin (2) and abuts the posterior margin of the ATIFL (3). In the middle of the recess and just
anterior to the PTIFL (4), some fibres of the interosseous ligament (5) are visible. F, fibula; T, tibia.
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Fig. 3 A 45 oblique slice through the distal tibiofibular joint of a fresh frozen specimen (male, 86 years). The ATIFL has a triangular aspect and
consists of multiple tight fibres interspersed with some fat (1). The fibres start at the broad-based anterior tibial tubercle (Chaput) (2) and
converge towards the fibular tubercle (Wagstaffe–Le Fort) (3). Just behind the ATIFL is the small cartilage-covered tibiofibular contact zone (4),
which abuts the fat pad (5) of the synovial recess (6). The posterior fibres of the interosseous ligament (7) gradually coalesce with the PTIFL (8). In
(C) the network of thin fibrofatty fibres forming the interosseous ligament is visible.

great importance. The articular facets might help as landmarks for accurate repositioning of the lateral malleolus in
the incisura fibularis (Bartonicek, 2003).

Syndesmotic recess (Recessus tibiofibularis)
Anatomy
A syndesmotic recess is nearly always present between the
distal tibia and fibula (Lanz & Wachsmuth, 1972; Sabacinski
et al. 1990) (Figs 4 and 5). This synovial-lined plica extends
from the tibiotalar joint and varies in size. Cranially, it is

bordered by the distal aspect of the interosseous ligament.
Medially, the plica is directly attached to the distal tibia
with a small amount of connective tissue. Laterally, a fatcontaining synovial fold is interposed between the synovial
lining and the fibula, which contains loose connective tissue
with an abundance of vessels and occasionally some small
nerves (Bartonicek, 2003; Kim et al. 2007) (Figs 6 and 7).
The synovial recess is attached to the fibula just proximal to
the most superior border of the lateral malleolar articular
surface and extends posteriorly with diffuse attachment
to the entire posterior margin of the transverse ligament
(Sabacinski et al. 1990; Karasick et al. 1997) (Fig. 8).

ª 2010 The Authors
Journal of Anatomy ª 2010 Anatomical Society of Great Britain and Ireland

Anatomy of the distal tibiofibular syndesmosis, J. J. Hermans et al. 637

Fig. 4 Correlation between MR image (left) and plastinated slice (right) at the same level through the tibiofibular syndesmosis (female, 84 years).
The intra-articularly injected green dye is visible in the tibiofibular recess (1), which extends between the anterior (2) and posterior (3) tibiofibular
ligament. As the MR image is obtained without intra-articular contrast, the recess is not visible here. The incisura fibularis is shallow with an
irregular contour.

Fig. 5 MR-arthrography of the tibiotalar joint with a coronal view of
the syndesmotic recess (female, 43 years). This recess is visible as a
vertical, contrast-filled pouch between the distal part of the tibia and
fibula (arrow). F, fibula; T, tibia; Ta, talus.

The antero-posterior borders of the syndesmotic recess
are variable and depend on the presence of a tibiofibular
contact area anteriorly and a synovial fold or fat pad posteriorly. Regarding the anterior border, the plica extends to
the posterior aspect of the ATIFL when the tibiofibular contact area is absent (Fig. 9). Posteriorly, when the fat pad is
small or absent, the plica borders on the anterior lining of
the PTIFL (Fig. 10). Its antero-posterior length varies from 10
to 15 mm (Bartonicek, 2003). The width of the syndesmotic
recess is 2 mm and its height varies from 4 to 25 mm
(Kopsch, 1922; Arner et al. 1957; Olson, 1981; Pavlov, 1982;

Fig. 6 Coronal proton-density-weighted MR image (female, 23 years).
The fat-containing synovial fold (1) protrudes from the incisura
fibularis into the lateral superior tibiotalar joint space. During dorsal
flexion of the foot, the talus pushes the tibia and fibula outwards,
therewith increasing the space of the tibial incisure. This leads to
retraction of the fat pad, as can be seen during arthroscopy.

Kelikian & Kelikian, 1985; Bartonicek, 2003; Kim et al.
2007).

Clinical relevance
In acute injury to the syndesmosis, i.e. injury mostly to the
ATIFL, the syndesmotic recess can tear. In the acute setting,
arthrography of the tibiotalar joint would demonstrate
leakage of contrast fluid into the incisura tibialis or,
depending on the extent of injury, into the interosseous
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Fig. 7 Microscopy (haematoxylin–azophloxin; female, 89 years). Oblique slice at the level of the anterior (A) and posterior (B) distal tibiofibular
syndesmosis. The tibial and fibular facets of the tibiofibular contact zone are covered with a thin layer of cartilage (1). The small recess (2)
between the two facets extends anteriorly to the posterior aspect of the ATIFL (3), and posteriorly almost to the anterior aspect of the PTIFL (4).
The synovial fold (5), consisting of fat and loose connective tissue, is attached to the fibula and is continuous with the anterior aspect of the PTIFL.
The synovial recess (2) is covered by a single cell layer of synoviocytes and is directly attached to the tibia. F, fibula; T, tibia.
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Fig. 8 Exposure of syndesmotic ligaments in
a dissected right ankle (male, 92 years). (A)
The trapezoid multifascicular anterior
tibiofibular ligament (ATIFL) (1) runs obliquely
upwards from the anterior fibular tubercle
towards the anterior tibial tubercle. (B) The
band-like posterior tibiofibular ligament
(PTIFL) (2) runs obliquely upwards from the
posterior fibular tubercle towards the
posterior tibial tubercle. (C) View from below
after removal of the talus shows the curved
and horizontally running transverse ligament
(3) and the inferior margin of the ATIFL. In (D)
fat (4) from the synovial fold is visible in the
tibial incisure between the transverse
ligament and the small contact area between
the tibia and fibula (5). F, fibula; T, tibia.

D

ligament between the tibia and fibula, or even outside the
borders of the ATIFL and PTIFL (van Moppes et al. 1980;
Wrazidlo et al. 1988).
The syndesmotic recess runs the risk of being traversed
during the insertion of fine wires when using external fixators for the treatment of fractures or placement of a set
screw. To minimize the risk of septic arthritis of the ankle
due to pin tract infections, it is best to avoid areas of capsular extensions (Lee et al. 2005).

In chronic injury of the syndesmosis, the synovial lining
may become irregular due to inflammation. Kim et al.
(2007) speculated that in contrast-enhanced MRI, an abnormal upward extension of enhancing tissue surrounding the
syndesmotic recess could be an ancillary sign of syndesmotic
instability caused by syndesmotic disruption.
In inflammation of the syndesmosis, such as rheumatoid
arthritis, scalloping of the medial border of the distal fibula
can occur due to chronic erosion, secondary to hyperplastic
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Fig. 9 Correlation between detailed view of ATIFL (1) in a 45 oblique plastinated slice (A) and an MR image (B) taken at exactly the same level
(male, 71 years). Green coloured resin is visible in the syndesmotic recess (2) which abuts the posterior margin of the multifascicular ATIFL (1).
There is a small tibiofibular contact zone devoid of cartilage just posterior to the ATIFL (3). F, fibula; T, tibia.
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Fig. 10 Correlation between detailed view of PTIFL in a 45 oblique plastinated slice (A) and an MR image (B) taken at exactly the same level
(male, 71 years). Green coloured resin is visible in the syndesmotic recess (1) which abuts the anterior margin of the multifascicular PTIFL (2). T,
tibia. F, F, fibula; T, tibia fibula.

synovial villi and invasive pannus in a ‘bare area’ devoid
of articular cartilage. The scalloped defects measured
7–23 mm in length (Karasick et al. 1997).
With dorsiflexion, the synovial fold retracts between the
tibia and fibula, and it is pushed downward during plantar
flexion of the foot. This movement of the fat pad can be
seen easily during ankle arthroscopy. In healthy volunteers
the height of the fat pad protruding from the incisura tibialis into the tibiotalar joint varied from 0 to 7 mm (Hermans
JJ, Beumer A, Kleinrensink GJ, unpublished MRI data). The
synovial fold or fat pad is therefore a normal finding and
should not be mistaken for synovial thickening. Both its
gross appearance and histologic structure may indicate that
this fold functions like a meniscus and is needed for stability
and proper function (Sabacinski et al. 1990).

The syndesmotic ligaments
Anterior tibiofibular ligament (Ligamentum
tibiofibulare anterius)
Anatomy
About 20% of the distal anterior tibiofibular ligament
(ATIFL) is intra-articular (Stoller, 2007). The ATIFL extends in

an oblique way from the anterior tubercle of the distal
tibia, on average 5 mm above the articular surface, to the
anterior tubercle of the distal fibula, running from proximal-medial to distal-lateral and crossing the antero-lateral
corner of the talus (Fig. 8). The angle formed by a line
along the tibial plafond in the coronal view and a line
along the ATIFL varies between 30 and 50 (Kapandji, 1985;
Grass, 2000; Bartonicek, 2003; Ebraheim et al. 2006). Posteriorly, it forms an angle of 65 with the sagittal plane (Ebraheim et al. 2006). The ATIFL has a multifascicular aspect,
caused by fatty tissue interposed between the multiple collagen bundles (Figs 3, 4 and 9). Viewed in a coronal plane,
it is composed of three bundles, separated by 2-mm-wide
gaps that converge slightly in the latero-distal direction and
consequently give the ATIFL a trapezoidal shape (Bartonicek, 2003; Ebraheim et al. 2006).
The upper part is the shortest (6.0–8.9 mm), with a width
of 4.0–4.9 mm and a thickness of 1.8–3.0 mm. It originates
just above the anterior tubercle of the tibia and is attached
just above the anterior tubercle of the fibula. Sometimes it
is divided into two stronger fascicles. The middle, and strongest, part runs between the anterior tubercle of the tibia
and fibula. Its measures about 12.0–15.5 mm in length, 8.3–
10.0 mm in width and 2.6–4.0 mm in thickness. It is
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sometimes divided into three or four smaller ligaments. The
lower part, which is the longest, extends just below the
anterior tubercles and measures 17.0–20.6 mm in length,
3.8–4.0 mm in width and 2.0–2.2 mm in thickness.
An accessory antero-inferior tibiofibular ligament, also
called Bassett’s ligament, which runs inferior and parallel to
the ATIFL, is described in the literature. This accessory ligament, not demonstrated in this pictorial essay, can be identified in 21–92% of dissected ankles of human anatomic
specimen or MRI studies (Nikolopoulos, 1982; Bassett et al.
1990; Ray & Kriz, 1991; Akseki et al. 1999, 2002; Nikolopoulos et al. 2004; Subhas et al. 2008). The fibular attachment
of Bassett’s ligament is distal-medial to the ATIFL and its
fibres blend with the tibial attachment of the distal fibres
of the ATIFL. The ligament is 17–22 mm in length, 1–2 mm
in thickness, and 3–5 mm in width (Nikolopoulos et al.
2004; Subhas et al. 2008). It is not covered by synovial tissue,
is intra-articular, and crosses the proximo-lateral margin of
the ankle and comes into contact with the lateral talar
trochlea during dorsiflexion.
Clinical relevance
Bartonicek (2003) described a meniscoid structure just
behind the ATIFL. It is possible that he in fact thereby
encountered one of the shorter deep fibres of the ATIFL.
On axial MRI the ATIFL is triangular-shaped and shows more
than one fascicle. Nikolopoulos et al. (2004) demonstrated
that in five ankles the ATIFL appeared to consist of two layers, one deep and one superficial, which were separated by
a thin fibrofatty septum. Brostroem (1964) mentioned that
the superficial anterior fibres are 2–3 cm long and the deeper posterior fibres somewhat shorter. As 20% of the ATIFL
lies intra-articularly, the most inferior and deepest fibres are
easily seen with arthroscopy and should not be interpreted
as a meniscus or scar tissue.
It is easier to get a good depiction of the transverse crosssectional area of the ATIFL with MRI than with gross
macroscopy. Although the ATIFL is described as a flat band
on dissection (Muhle et al. 1998), on a transverse crosssection with MRI or plastination it looks more triangular
(Hermans et al. 2009). In our experience, we have never
seen a separate superficial and deep layer of the ATIFL. In
the coronal, axial and oblique MR images the ATIFL consists
of a variable number of contiguous fibrous fibres separated
by fat, which could give the impression of a multilayered
structure. The number of fascicles can vary from a few thick
fibres to up to seven thin fibres.
The ATIFL is the weakest of the four syndesmotic ligaments and is the first to yield to forces that create an external rotation of the fibula around its longitudinal axis
(Kelikian & Kelikian, 1985).
It is important to distinguish the accessory ligament from
the ATIFL because it can potentially cause antero-lateral
ankle impingement and pain in the presence of a normal
ATIFL due to synovitis and scarring in the antero-lateral

groove and cartilage abnormalities in the antero-lateral
talar dome (Subhas et al. 2008). Resection of the accessory
ligament does not lead to instability and relieves pain in
patients with chronic ankle complaints after ankle sprain
(Akseki et al. 1999).
In patients with chronic instability of the syndesmosis, an
anatomical reconstruction of the anterior syndesmosis can
be considered. The widened syndesmosis can be reduced,
followed by medial reinsertion of a bone block with the tibial insertion of the intact but elongated ATIFL (Beumer
et al. 2000).
As the ATIFL is located superficially, just beneath the skin,
it can be well visualized with ultrasound. With high frequency ultrasound (15 MHz), injuries of the ATIFL can be
detected with an accuracy of 85% (Milz et al. 1999). As the
ATIFL runs obliquely, MR images in an axial plane could
lead to depiction of a partly interrupted ligament, leading
to a false positive diagnosis of a ruptured ligament. Using
an additional oblique image plane of about 45 reduces this
problem (Hermans et al. 2010).

Posterior tibiofibular ligament (Ligamentum
tibiofibulare posterius)
Anatomy
The PTIFL is a strong ligament that extends from the posterior tibial malleolus to the posterior tubercle of the fibula
and runs from proximal-medial to distal-lateral (Fig. 8). It
forms a 20–40 angle with the horizontal plane and a 60–
85 angle with the sagittal plane (Grass, 2000; Ebraheim
et al. 2006). Its lower part, or transverse ligament, runs
more horizontally than the PTIFL (Bartonicek, 2003). The
PTIFL has a similar shape and structure as the ATIFL. It is triangular with a broad base at the tibial insertion. Its fascicles
more or less converge at the posteromedial aspect of the
fibula (Figs 4 and 10). Therefore the length of the proximal
fibres is shorter than the distal fibres; respectively 9.7 ±
6.9 mm (3.4–21.2 mm) and 21.8 ± 7.5 mm (6.4–32.5 mm).
The mean width of the ligament is 17.4 ± 3.5 mm (11.1–
21.2 mm), with a tibial insertion thickness of 6.4 ± 1.9 mm
(4.4–9.0 mm) and a fibular insertion thickness of 9.7 ±
1.7 mm (8.0–11.4 mm) (Nikolopoulos et al. 2004; Ebraheim
et al. 2006). The PTIFL, like the ATIFL, is multifascicular
and consists of multiple collagen bundles interspersed
with fat. Its most distal fibres are in close contact with the
transverse ligament and fibres from the fibular insertion
sometimes even appear to be continuous with it (Ebraheim
et al. 2006).
Clinical relevance
According to the fracture classification of Lauge-Hansen,
rupture of the posterior syndesmosis, i.e. the PTIFL or avulsion fracture of the PTIFL, can occur in supination-eversion,
pronation-eversion or pronation-abduction injury of the
ankle. As the PTIFL is a thick and strong ligament, excessive
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stress results more often in a posterior malleolus avulsion
fracture than in a rupture of the ligament (Van de Perre
et al. 2004). With direct reduction of the posterior malleolus
avulsion fracture, the syndesmosis can be stabilized. However, this is only feasible when the PTIFL is intact (Miller
et al. 2009).

Transverse ligament (Ligamentum tibiofibulare
transversum)
Anatomy
The transverse ligament runs horizontally between the
proximal margin of the fibular malleolar fossa and the
dorso-distal rim of the tibia and may extend as far as
the dorsal aspect of the medial malleolus (Figs 11 and
12). Its length varies from 22 to 43 mm (Nikolopoulos
et al. 2004; Ebraheim et al. 2006). It is a thick, round ligament that deepens the postero-inferior rim of the tibia
and forms a labrum analogue (Figs 8 and 13). Some
fibres of the posterior talofibular ligament coalesce with
the most distal fibres of the transverse ligament and
form the so-called tibial slip, or intermalleolar ligament
(IML) (Fig. 14). According to Oh et al. (2006) the intermalleolar ligament is a separate anatomic entity and was
almost invariably present in 81.8% of 77 specimens

(Golano et al. 2002). The IML arises slightly proximal to
the origin of the posterior talofibular ligament in the
malleolar fossa and distal to the origin of the transverse
ligament (Rosenberg et al. 1995). Its shape varies from a
thick string to a band, with a length of 39.2 mm (28.2–
44.9 mm), a width of 3.7 mm (0.8–8.8 mm), and a thickness of 2.8 mm (0.4–5.8 mm), and it occasionally extends
into the joint. The medial insertion sometimes consists of
two or three slips. The medially arising sites of the IML
include both the medial and lateral border of the medial
malleolar sulcus, through the septum between the M.
flexor digitorum longus and M. tibialis posterior, or the
medial part of the posterior margin of the tibia (Oh et al.
2006). The IML runs parallel to the transverse ligament,
from which it is always separated by a triangular- or
quadrilateral-shaped soft tissue space. During plantar flexion the IML becomes less taut and approximates the
transverse ligament (Golano et al. 2002).
Clinical relevance
In the literature there is controversy about whether the
transverse ligament and distal posterior tibiofibular ligament form one anatomic unit or are two distinct structures.
Golano et al. (2002) stated that the transverse ligament is
the deep part of the posterior tibiofibular ligament,
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Fig. 11 Axial (A) and oblique images (B) at
the level of the tibiotalar joint with the
posterior inferior tibiotalar ligament (PTIFL) (1)
and, in front of it, the transverse ligament (2)
(female, 30 years). The PTIFL runs from the
posteromedial aspect of the fibula towards
the posterior tibial tubercle. The transverse
ligament originates postero-medially from the
fibula just above the fibular malleolar fossa
and inserts onto the dorsal ridge of the tibia
up to the level of the medial malleolus. In (C)
the posterior talofibular ligament (3) runs
from the fibular malleolar fossa towards the
posterior talar tubercle and is only partly
depicted. F, fibula; LM, lateral malleolus; MM,
medial malleolus; T, tibia; Ta, talus.
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Fig. 12 Axial proton density MR images (A,B)
and axial T1-weighted MR images with fat
suppression with intra-articular contrast (C,D)
at the level of the tibiotalar joint, in the same
patient (female, 47 years). The transverse
ligament (1) originates postero-medially from
the fibula, just above the fibular fossa, and
inserts on the dorsal ridge of the tibia. It
forms a labrum-like structure to keep the
talus from moving posteriorly (A). The
posterior tibiofibular ligament (PTIFL) (2) is
visible 5 mm above this level, which
originates from the postero-medial corner of
the fibular malleolus and inserts on the
posterior tibial tubercle (B). The transverse
ligament (3) extends like a thick band along
the entire border of the posterior tibial ridge,
where it serves as a labrum for the talus (C).
The PTIFL (4) is short and triangular-shaped
and bridges the fibula and tibia posteriorly
(D). MM, medial malleolus; LM, lateral
malleolus; Ta, talus.

D

whereas Lee et al. (1998) demonstrated that MR arthrography allowed resolution of the superficial and deep component of the posterior tibiofibular ligament.
Even more controversy exists about the tibial slip and
intermalleolar ligament. Bartonicek (2003) considered the
tibial slip to be a reinforced strip of the joint capsule,
whereas others showed that the intermalleolar ligament is
a separate anatomic structure with diverse morphologic
features (Golano et al. 2002; Oh et al. 2006). The observed
frequency of the IML varies from 19% in MRI of the ankle
to 82% in dissected anatomical specimens (Rosenberg et al.
1995; Milner & Soames, 1998; Golano et al. 2002; Oh et al.
2006). This difference could be due to the use of different techniques, such as MRI, dissection, cryosection or
arthroscopy, the number of patients or specimens used or
the position of the foot during investigation.
The space between the transverse ligament and IML
makes the posterolateral approach in ankle arthroscopy the
most suitable for avoiding ligamentous structures. During
anterior ankle arthroscopy with standard antero-medial or
antero-lateral ports, the transverse and intermalleolar ligament are visible but not the posterior tibiofibular ligament.
To visualize the PTIFL, posterior arthroscopy or endoscopy is
necessary. The intermalleolar ligament can be the cause of
posterior impingement syndrome in ballet dancers, where
in extreme plantar flexion, entrapment or even a bucket
handle tear of the ligament can occur (Rosenberg et al.
1995; Oh et al. 2006).

Fig. 13 MR arthrogram with an oblique image at the level of the
tibiotalar joint shows the curved transverse ligament (1) running from
the posteromedial aspect of the fibula to the posterior inferior rim of
the tibia (female, 16 years). F, fibula; T, tibia; Ta, talus.

Interosseous ligament (Ligamenta tibiofibularia)
Anatomy
The interosseous membrane (Membrana interossea cruris)
extends between the tibia and fibula, and at its lowermost
end thickens and gives rise to a spatial network of pyramidal shape. This network is filled with fatty tissue and steep
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Fig. 14 MR-arthrogram: coronal T1-weighted image with fat
suppression and with intra-articular contrast in the tibiotalar joint
(male, 23 years). The fibula (F), the posterior malleolus of the tibia (T)
and the posterior body of the talus (Ta) are visible. The posterior
talofibular ligament (TFP) (1) runs more or less horizontally from the
fibular fossa to the posterior process of the talus. Just above the
origin of the TFP in the fibular fossa, the intermalleolar ligament
originates (2), extending medially and fusing with the transverse
ligament (3) at the medial aspect of the posterior ridge of the distal
tibia. The transverse ligament runs between the posteromedial fibula,
just above the fibular fossa, and the posterior ridge of the distal tibia.
F, fibula; T, tibia; Ta, talus.

running fascicles and forms the interosseous ligament
(Figs 1, 2 and 4). Most fibres run in a latero-distal and anterior direction from the tibia to the fibula, although some

Fig. 15 Ultrasound images of anterior (1) (A,B)
and posterior (2) (C,D) tibiofibular ligament
(female, 20 years). F, fibula; T, tibia. In plantar
flexion the ATIFL is slack (A). In dorsiflexion the
talus pushes the tibia and fibula outwards,
with stretching of the anterior tibiofibular
ligament as a result (B). The same mechanism
applies for the PTIFL. In plantar flexion the
ligament is slack with a resulting increase in
echogenicity (C). In dorsiflexion the fibres are
stretched and are more longitudinally aligned
(D). F, fibula; T, tibia.

fibres on the anterior aspect run in the reverse direction.
The most distal fibres attach to the tibia at the anterior
tubercle level and descend straight to the fibula, where
they attach just above the level of the talocrural joint. The
most proximal fibres attach to the tibia at the apex of the
incisura tibialis (Bartonicek, 2003; Ebraheim et al. 2006).
The length of fibres gradually increases from proximal to
distal, with a proximal length of 6.6 ± 1.3 mm (5.8–7.6 mm)
and distal length of 10.4 ± 3.1 mm (8.2–12.6 mm). The
thickness of the interosseous ligament is 4.7 ± 1.1 mm
(3.8–5.3 mm), its width at the fibular attachment is
21.2 ± 1.7 mm (20.0–22.5 mm) and its width at the tibial
attachment is 17.7 ± 1.0 mm (17.1–18.5 mm). The measurements of Nikolopoulos et al. (2004) differ a little from these
values (length 3–6 mm, thickness 2–4 mm and width
2–4 mm). However, the trend of these data is the same. The
presence of the interosseous ligament is variable. In some
individuals it is absent, whereas in others it is rather markedly present, especially in those with a flattened incisura of
the tibia and fibula. The area underneath the interosseous
ligament is generally filled with the synovial plica from the
tibiotalar joint (Bartonicek, 2003; Ebraheim et al. 2006).
Clinical relevance
Not only is there a gradual transition of the interosseous
membrane into the interosseous ligament (Kopsch, 1922),
but there also appears to be a continuous transition
between the interosseous tibiofibular ligament and the
ATIFL and PTIFL. However, Bartonicek (2003) describes that
on a sagittal section the ATIFL is sharply separated from
the anterior surface of the interosseous ligament by a
narrow gap.
The interosseous ligament is thought to act as a ‘spring’,
allowing for slight separation between the medial and lateral malleolus during dorsiflexion at the talocrural joint,

A

B

C

D
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and thus for some wedging of the talus in the mortise. This
is also reflected in the change of shape, reflecting the
tension in the ATIFL and PTIFL, as can be observed with
ultrasound during plantar- and dorsiflexion of the foot
(Fig. 15).
The interosseous ligament not only functions as a buffer,
neutralizing forces during for instance the ‘heel strike’
phase in walking, but also has a function in stabilizing
the talocrural joint during loading (Heim, 1983; Hocker &
Pachucki, 1989; Grass, 2000). Haraguchi et al. (2009)
described that the distal tibiofibular ligaments and interosseous membrane were loaded throughout the stance
phase, which provides a theoretical basis for evidence of
syndesmosis screw breakage or loosening. In anatomical
specimens the relative importance of the individual syndesmotic ligaments to syndesmotic stability was found to be
35% for the ATIFL, 33% for the transverse ligament, 22%
for the interosseous ligament and 9% for the PTIFL (OgilvieHarris et al. 1994).

Conclusion
As the syndesmosis plays an important role in stability after
acute or chronic osseoligamentous injury, understanding of
the anatomy is essential in both diagnostic imaging and
therapeutic management. In this article we described in
detail the anatomy of the separate osseoligamentous structures of the distal tibiofibular joint, which is a complex syndesmotic joint, and discussed the clinical relevance of these
structures.
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Abstract
Background: The lateral ankle ligament complex consisting of the anterior talofibular ligament (ATFL), the
calcaneofibular ligament (CFL) and the posterior talofibular ligament (PTFL) is known to provide stability against
ankle joint inversion. As injuries of the ankle joint have been reported at a wide range of plantarflexion/dorsiflexion
angles, the aim of the present study was to evaluate the stabilizing function of these ligaments depending on the
sagittal plane positioning of the ankle joint.
Methods: Eight fresh-frozen specimens were tested on a custom-built ankle deflection tester allowing the application
of inversion torques in various plantarflexion/dorsiflexion positions. A motion capture system recorded kinematic data
from the talus, calcaneus and fibula with bone-pin markers during inversion movements at 10° of dorsiflexion, at
neutral position and at plantarflexion 10°. ATFL, CFL and PTFL were separately but sequentially sectioned in order to
assess the contribution of the individual ligament with regard to ankle joint stability.
Results: Joint- and position-specific modulations could be observed when the ligaments were cut. Cutting the ATFL
did not lead to any observable alterations in ankle inversion angle at a given torque. But subsequently cutting the CFL
increased the inversion angle of the talocrural joint in the 10° plantarflexed position, and significantly increased the
inversion angle of the subtalar joint in the 10° dorsiflexed position. Sectioning of the PTFL led to minor increases of
inversion angles in both joints.
Conclusions: The CFL is the primary ligamentous stabilizer of the ankle joint against a forced inversion. Its functioning
depends greatly on the plantar−/dorsiflexion position of the ankle joint complex, as it provides the stability of the
talocrural joint primarily during plantarflexion and the stability of the subtalar joint primarily during dorsiflexion.
Keywords: Lateral ankle ligament complex, Ankle stability, Ankle inversion restriction, Biomechanics

Introduction
Epidemiological data indicate that ankle injuries represent the most frequent type of sport-related injuries [1].
There exists overwhelming evidence that most of the
ankle injuries affect the ligaments [2] and that approximately 85% of those injuries are lateral ankle sprains [3].
The aetiology for injuries of the lateral ankle joint typically comprises excessive inversion, often combined with
a pronounced plantarflexion and internal rotation of the
ankle joint complex [4]. It has been shown that an initial
* Correspondence: mage_lilu@hotmail.com
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sprain can impair the function of the ankle joint complex in the long term, which is referred to as chronic
ankle instability [5].
From an anatomical perspective, the lateral ankle ligament complex consists of the anterior talofibular ligament (ATFL), the calcaneofibular ligament (CFL) and
the posterior talofibular ligament (PTFL). Epidemiologic
surveys indicate that the ATFL is the ligament that is injured in 85% of all ankle sprain ligament injuries, while
the CFL is involved in 35% and the PTFL in 12% [6]. In
trying to identify why the individual ligaments are affected
during an ankle sprain with different rates, their functional
roles and their mechanical properties must be taken into
consideration. Most of the current information about the
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functioning of the ankle ligament originates from in-vitro
studies, where custom-made devices were developed to
study the biomechanics of the ankle joint while analysing
the differential functional importance of the ligaments.
Researchers typically applied inversion-eversion stimuli
and/or plantarflexion-dorsiflexion in predefined positions
of the ankle joint. The biomechanical function is then
studied by dissecting a specific ligament and estimating its
contribution to stabilizing the ankle joint [7–11].
Increased knowledge about the function of the specific
ligaments revealed that the ATFL seems to be the most
affected ligament [12, 13], because its functional role is
to restrict both plantarflexion and inversion movements
[14] and because the maximal tension until failure is
quite low [8]. Moreover it has been shown that a certain
inversion torque, applied at the fixed foot, increases the
posterior tibial displacement by a factor of 2 when the
ATFL is dissected [15]. In addition to the ATFL, the
CFL seems to resist ankle inversion, as cutting this ligament led to an increased range of inversion [9]. Applying
an inversion loading following a dissection of both ATFL
and CFL respectively increased the range of motion and
decreased the end-range stiffness when compared with
the intact and solely ATFL-sectioned ankles [16]. Furthermore, evidence exists showing that a dissection of
the CFL causes significant range of motion changes regarding all three planes in the subtalar joint [10]. Thus,
it seems that the CFL plays a key role in the lateral
stabilization of both the ankle and the subtalar joint.
The functional properties of the PTFL were analysed by
Ozeki and Kitaoka, who concluded that the PTFL is an
important stabilizer especially when the ankle was in a
dorsiflexed postion [17]. Previous research has also
shown that the strain of the PTFL increases in dorsiflexion (DF) and plantarflexion (PF), but is only minimally
affected by ankle inversion [18]. In summary, the PTFL
seems to play a supplementary role in lateral ankle stability, especially when the ATFL and CFL are intact [19].
Although it is possible to draw important conclusions
about the ligament function from the above mentioned
in-vitro studies, specific methodological restrictions have
to be considered. First, some of the papers selectively focused on only one specific ligament of the ankle and its
defined functional role [9, 14, 15, 18, 19] while others investigated multiple ligaments but considered only coronal movements [7, 16]. Secondly, most of the studies
tested the lateral ankle ligament complex with a distinct
torque but only either in sagittal or in coronal plane [7,
10, 15, 18, 20, 21]. Yet, investigations of the injury mechanism have revealed that ankle sprains can occur at a
wide range of plantarflexion/dorsiflexion angles [4, 22].
It therefore appears important to evaluate the functional
properties of the involved ligaments under different
plantarflexion/dorsiflexion positions. Third, most of the
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investigations focused on either the stability of the talocrural joint or on the stability of the subtalar joint alone
[7, 15, 17, 18, 21]. Integrative investigations analyzing
the function of the ligaments on both joints of the ankle
joint complex, and possible interactions, are missing. Finally, in many of the studies, the researchers have tried
to slowly rotate the ankle joint to explore the individual
ligament’s contribution to ankle joint stability in inversion simulations. For example, investigating the contribution of the CFL, Kobayashi applied an inversion
motion that was limited to up to 1°/s [10]; other studies
do not even mention the deflection velocity [7, 8, 11].
This may be problematic because it is known that ligament stiffness is related to the speed of its elongation
[23] and that typically the ligaments are loaded at high
angular velocities during ankle sprains [13].
Therefore, the major purpose of the present study was
to evaluate the biomechanics of the talocrural and subtalar joints when the ligaments of the lateral ankle joint
complex are sequentially resected. Specifically, we aimed
to assess how the sagittal positions would influence the
relative contributions of the individual ligaments to joint
stability during dynamic inversion.

Methods
Specimens

Fourteen fresh-frozen human anatomic lower limb specimens, amputated above the knee joints, were selected
for the experiments. Already during the experiments, it
became evident that fixation of bone-screws was loosened during dynamic movements in six specimens. Finally, eight cadavers could be included in the study (age:
84.0 ± 5.6 years; donors were two men and two women).
Before preparation and measurement, the specimens
were kept at room temperature for 24 h in order to ensure conditional physical properties. An experienced
anatomist inspected the ankles by manual examination
for normal function and confirmed that there was no
sign of pathological limitations on any of the cadaver
legs. Thereafter, all ankles were exposed layer by layer
creating a skin and soft tissue window (5 × 5 cm) distal
to the lateral malleolus and ankle. The integrity of the
anterior and posterior talofibular ligaments (ATFL and
PTFL) and the calcaneofibular ligament (CFL) was verified by visual inspection. During the entire measurements the specimen were regularly irrigated with saline,
preventing them from drying-out. The procedures were
in accordance with the Declaration of Helsinki and approved by the local ethics committee (#10006/18).
Experimental equipment setup

A custom-built ankle deflection tester (ADT) allowed
application of inversion torques in various plantarflexion/dorsiflexion positions (Fig. 1a). Mechanically, the
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Fig. 1 a Illustration of the ankle deflection tester (ADT). The apparatus consists of two rotational components on a fixed stand: A) a small fixable
tilting platform which can tilt in the coronal plane, B) a bigger flexing platform which can rotate in the sagittal plane. Two laser pointers were
installed at the center of rotation of the coronal and sagittal planes to enhance the accurate positioning of the specimen within the ADT. b The
shin markers were placed at the medial epicondyle of the knee, lateral epicondyle of the knee, medial malleolus and the lateral malleolus. Bone
pins with markers were inserted into the fibula, calcaneus and talus

ADT consisted of a leg fixation and a foot plate that
allowed for independent rotations around the ankle joint
in the sagittal (up to ±30°) and frontal planes (up to
±40°). Fixation of the specimen’s foot on the foot plate
was secured by applying two non-elastic belts covering
the mid-foot and the forefoot (Fig. 1a). Additionally, the
leg was fixed to a height-adjustable clamp with straps to
ensure stabilization of this segment during inversion
movements. To adapt the ADT to the specimen’s individual morphological characteristic, the foot plate was
adjusted in height and anterior-posterior position setting, allowing the mechanical rotation axis of the ADT
to coincide with the specimen’s talocrural joint. Two
goniometer sensors (MODEL 157, Vishay, USA) recorded the angular information of each component
along the two mechanical axes of the ADT. A torque
meter (TA 125–350, ME-Meßsysteme GmbH, Germany)
with a handle was connected with the anterior-posterior
axis of the ADT to manually apply and measure the inversion torque.
To record the skeletal motion of the calcaneus, talus
and fibula, three Kirschner wires (1.5 mm) were drilled
into the lateral aspect of each bone segment, each of
them being equipped at its ends with 4 reflective
markers (6 mm), building a three-dimensional Cartesian
coordinate system (see Fig. 1b). By means of a motion
capture system with 11 cameras, the data of each segment in three-dimensional space were tracked at 200 Hz
(Vicon Motion System, UK). Additionally, skin markers
were placed at the medial and lateral epicondyle of the
knee as well as at the medial and lateral malleolus in

order to define the anatomical segments in accordance
with the recommendation of the ISB (International
Society of Biomechanics) [24]. Synchronized with the
motion data, the goniometer signals of the ADT were
captured with Vicon Nexus 2.5 (Vicon Motion System,
UK) at 1000 Hz.

Experimental procedure

To assess the contribution of each individual ligament on ankle stability an experimental setup was
selected in which ligaments were successively cut
and the remaining resistance of the ankle joint
against external force application was measured. We
started with the intact condition. Then, we performed a fixed order of sequentially cutting the ligaments: we first cut the ATFL, then the CFL and
finally the PTFL as it is known that the ATFL is
typically the first or even only ligament being injured
[12], followed by the CFL, and only in rare cases by
the PTFL [25]. During each session, specimens were
tested in three different positions in the sagittal
plane: neutral position, 10° dorsiflexion and 10° plantarflexion. Manually, torque was applied at the ADT
in the coronal plane resulting in a sustained
inversion-eversion movement. Each simulation trial
required 10 inversion-eversion cycles at approximately 1 Hz, in which an inversion angle of 30° had
to be reached. The signal of the torque meter and
goniometer sensors from the ADT as well as kinematical
data of the markers were recorded synchronously.
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Data analysis

The kinematics of the relative bone-to-bone movement
between the calcaneus, talus and fibula was derived following the recommendations for ankle joint biomechanics of the International Society of Biomechanics(ISB)
[24] using custom written scripts (Bodybuilder, Vicon
Motion Systems, UK). Specifically, the four skin markers
were used to define the joint centres and orientation of
the anatomical coordinate systems, while the bone-pin
markers were used to track the skeletal motion. To obtain the angle between fibula and calcaneus, talus and
fibula (representing the talocrural joint), and calcaneus
and talus (representing the subtalar joint), a Joint Coordinate System approach was used allowing the calculation
of the intersegmental movement in 6 degrees of freedom. The inversion/eversion rotation occurs about a
floating axis, while the rotation axes for plantar-/dorsiflexion and internal/external rotation occur around
body-fixed axes of the proximal or distal segment, respectively. As the ISB recommendation for the ankle
joint complex does not differentiate between the talocrural and the subtalar joint, the anatomical coordinate
system of the talus was set to correspond to the coordinate system of the calcaneus. Before performing the calculations, all marker trajectories were filtered through a
low-pass 2nd order Butterworth filter at 10 Hz.
Aiming to assess the joint stiffness properties in the
different measurement conditions, the amount of inversion rotation at a given torque value was extracted. As
pre-analysis of the data indicated that irrespective of
ligament sectioning the joint stiffness was highly
specimen-specific, different torques were needed to induce comparable inversion rotations of the ankle joints
between specimens. In order to account for these
specimen-specific differences, individualized torque
thresholds were defined after pre-analysis using the following approach: For each specimen and throughout all
measurement conditions the lowest observable torque
value to induce 30° of inversion was extracted. In order
to stay always in the linear region of the torque-angle relationship, 90% of this observed torque was set to assess
the associated inversion of the ankle joint complex, the
talocrural joint and the subtalar joint for all measurement conditions in each specimen. The data extraction
was performed with a custom-written script in Matlab
(The Mathworks, Natick, MA, USA). For every condition, five continuous inversion-eversion cycles were used
for further statistical analysis.
Statistics

The inversion angles of the ankle joint complex, the
talocrural joint and the subtalar joint were considered
for statistical analyses. The results of different ligament
sectioning conditions were compared using a Friedman
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test (IBM SPSS statistics 24, USA) in each ankle positions (neutral position, 10° plantarflexion, 10° dorsiflexion). The effect size was calculated using Kendall’s W
and values > 0.1 were interpreted as small effects, values
> 0.3 as moderate and values > 0.5 as large effects. To
show the magnitude of our observation the Wilcoxon
test was applied as a post-hoc test to determine the difference between two separate conditions. The results were
adjusted by the Bonferroni-Holm correction method. For
all tests, P < 0.05 was considered as significant.

Results
Ankle joint complex

For the inversion angle of the ankle joint complex, main
condition effects were observed for all plantarflexion/
dorsiflexion positions (at 10° dorsiflexion: p = 0.001, effect size = 0.631; in neutral position: p = 0.009, effect size
= 0.382; in 10° plantarflexion: p = 0.013, effect size =
0.362). Post-hoc analysis revealed that at the 10° dorsiflexed angle, cutting all three ligaments significantly increased the inversion angle compared to the conditions
when all ligaments were intact (p = 0.015) and when the
ATFL was cut (p = 0.015). In the neutral and in the 10°
plantarflexed position a significantly increased inversion
was observed when all ligaments were cut compared to
the condition when only the ATFL was cut (p = 0.015
and p = 0.045; Fig. 2).
Talocrural joint

Regarding the talocrural joint, main ligament condition
effects were detected for all three positions (at 10° dorsiflexion: p = 0.005, effect size = 0.475; in neutral position:
p = 0.004, effect size = 0.425; at 10° plantarflexion: p =
0.001, effect size = 0.598). Positioned at 10° dorsiflexion,
cutting all three ligaments led to a significantly increased
inversion angle (p = 0.015). In the neutral position, dissecting all ligaments was different from the condition
when only the ATFL was cut (p = 0.015). At 10° of plantarflexion, cutting all the ligaments significantly increased the inversion angle compared to the condition
when no ligament was sectioned (p = 0.015). Moreover,
dissecting the CFL and the PTFL caused a significant
increase of the inversion angle compared to the condition with a section of the AFTL alone (p = 0.026
and p = 0.015, see Fig. 3).
Subtalar joint

For the subtalar joint, the main ligamentous effects were
solely observed in dorsiflexion position (at 10° dorsiflexion: p = 0.001, effect size = 0.72; in neutral position: p =
0.073, effect size = 0.252; at 10° plantarflexion: p = 0.849,
effect size = 0.05, see Fig. 4). The post-hoc analysis showed
that dissecting ATFL and CFL increased the inversion
angle significantly compared to the intact condition (p =
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Fig. 2 Box-plots including arithmetic mean values (indicated by +) of the ankle joint complex inversion in 10° dorsiflexion, neutral and 10° plantarflexion
position. The results of an intact session (Intact), ATFL cut session (1 Lig.cut), ATFL and CFL cut session (2 Lig.cut), ATFL, CFL and PTFL cut session (3 Lig.cut)
are shown in each figure. The significant differences between sessions are marked by *

0.048). Moreover, compared to the ATFL dissection session, cutting the CFL alone or in combination with the
PTFL led to a significant increase of the inversion
angle (both p = 0.015). Furthermore, cutting all three
lateral ankle ligaments leads to a significant increase
of the inversion angle (p = 0.039). Detailed data of
bone-to-bone kinematics can be found in addtional
tables in Additional file 1 and Additional file 2.

Discussion
Using an experimental cadaver approach, our data indicate that the lateral ankle ligaments have different biomechanical functions in stabilizing bony structures
during an inversion movement. The motion task of our
study (the mean angular velocity is 64.1°/s ± 11.8°/s) was
comparable with the previously reported basic movements such as running (maximum ankle inversion velocity: 85.1°/s), cutting (maximum ankle inversion
velocity: 37.2°/s) and jumping (maximum ankle inversion
velocity: 22.5°/s) [26]. However, our motion task design

only reached 25% of an ankle ligamentous sprain simulation, reporting ankle inversion velocities from 200°/s to
300°/s [27]. Depending on the sagittal plane position, the
stabilizing function of ligaments changed, especially
when not the entire ankle joint complex but rather the
sub-structures (talocrural and subtalar joint) were considered. The results support the assumption that when
the ATFL is ruptured the main function of the CFL is to
stabilize the talocrural joint against inversion in a plantarlexed position, while its primary function during
dorsiflexion is most likely to resist the inversion of the
subtalar joint. By imitating a lateral ankle sprain and simultaneously investigating the bone-to-bone stabilization
directly, this study extends the current knowledge of the
function of the lateral ankle ligament complex, providing
the following important details:
Stability of the global ankle joint complex

From a biomechanical perspective, the ankle joint complex consists of the talocrural joint and the subtalar joint

Fig. 3 Box-plots including arithmetic means (indicated by +) of the inversion of the talocural joint in 10° dorsiflexion, neutral and 10° plantarflexion
position. The results of intact session (Intact), ATFL cut session (1 Lig.cut), ATFL and CFL cut session (2 Lig.cut), ATFL, CFL and PTFL cut session
(3 Lig.cut) are shown in each figure. The significant differences between sessions are marked by *
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Fig. 4 Box-plots including arithmetic mean values (indicated by +) of the inversion of the subtalar joint in 10° dorsiflexion, neutral and 10°
plantarflexion position. The result of intact session (Intact), ATFL cut session (1 Lig.cut), ATFL and CFL cut session (2 Lig.cut), ATFL, CFL
and PTFL cut session (3 Lig.cut) are shown in each figure. The significant differences between sessions are marked by *

and thus can be interpreted as a connection between the
tibia/fibula segment and the calcaneus [24]. Regarding
the ligamentous structures, the ATFL and CFL should
have functional importance in resisting the ankle joint
complex both in sagittal and coronal plane [14, 25].
However, the results of the present study reveal that only
in situations when all three ligaments were cut, the inversion stability of the entire ankle joint complex is
compromised. Our results therefore at least partly confirm earlier experimental data showing that following
sectioning the ATFL alone, the maximum inversion
motion between calcaneus and tibia in dorsiflexion
position was not influenced, whereas sectioning both
the ATFL and the CFL significantly increased the inversion motion [28].
Nevertheless, it still remains difficult to understand
the function of ligaments in resisting external rotational
torques applied to the ankle joint complex if considering
the results from the ankle joint complex only. Thus, it
seems necessary to separately evaluate the ankle joint
complex composing sub-joints, namely the talocrural
joint and subtalar joint.
Stability of the talocrural joint

According to our results, the CFL had a substantial restrictive function for the talocrural joint when the ankle
is in 10° plantarflexion position, while at 10°dorsiflexion
and in the neutral position, there is no clear evidence for
a stabilizing function of the CFL. Specifically, in the
plantarflexed position, cutting the CFL additionally to
the ATFL increased the inversion angle by 3.3° compared to the situation where solely the ATFL was sectioned. The geometry of the talocrural joint, with its
oblique rotation axis and the specific shape of the talus,
causes that when the talus is moved in its largest
anterior position, the joint was more unstable in

plantarflexion [29]. This explains why the stability of the
talocrural joint was sensitive to a destruction of the CFL
specifically in a plantarflexion positon. Functionally, the
CFL constrains the talus through the calcaneus, stabilizing
both the talocrural joint and the subtalar joint. The results
showed a phenomenon comparable with findings from previous studies observing significantly increased inversion angles after sectioning the CFL significantly during ATFL
ruptured conditions [30]. However, based on present data,
the stabilizing function of the CFL on the talocrural joint
was prominent preferentially in plantarflexion.
In addition, the PTFL could have a potential function in
constraining the talocrural joint. When the ATFL and the
CFL were already cut, sectioning the PTFL increased the
mean inversion angle by 39% (2.1°) in the neutral position
and by 75% (2.2°) in dorsiflexion. Even though there was no
clear statistical evidence about the contribution of the
PTFL, in 10° plantarflexion positions the three ligaments
cut condition differed significantly from the other
conditions and in 10° dorsiflexion position the same
phenomenon was observed. Even in the neutral position, a
difference of inversion angle was found between the ATFL
cut condition and the three ligaments cut condition. This
means that sectioning the complex of lateral ankle ligaments compromises the stabilization of the talocrural joint.
In summary, it is concluded that the PTFL contributed to
stabilizing the talocrural joint in all three sagittal plane positions. Yet, when interpreting the data carefully, it has to be
considered that a specific sequence of sectioning the ligaments was used and the PTFL was always the last ligament
that was cut. Thus, our results are comparable to an earlier
investigation that the PTFL could not restrict the ankle
joint in the inversion movement independently from the
other ligaments. This indicates that in an otherwise intact
ligamentous complex, the PTFL plays only a supplementary
role in ankle stability [19].
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Stability of the subtalar joint

In the subtalar joint, all statistical effects of the ligaments were discovered only in the dorsiflexed position
and in general no significant effects were observed in
neutral and plantarflexion positions. Referring to the discussion above, one reason for these findings could be
that the talocrual joint seems to be stiffened by bony
constraints in the dorsiflexed positionand therefore the
subtalar joint takes over to lead the motion. In addition,
the ATFL was observed loose during a dorsiflexed position in a previous study. This explains why no effects
were detected after sectioning the ATFL in dorsiflexion
condition [18]. In consequence, the importance of the
CFL and the PTFL in contributing to subtalar joint stability is increased in dorsiflexion. Another reason for this
observation could be the differences in the orientation
of the axes of the subtalar and talocrural joints. Previous
studies showed that the inclination angle of the subtalar
joint axis was different from that of the ankle joint complex and the talocrural joint [31, 32]. The axes of the
sub-joints both differ from the biomechanical axis of the
ankle joint complex and this indicates that during an inversion motion the calcaneus might not only rotate in
the coronal plane but also internally rotate at dorsiflexion condition.
A previous study reported that specifically a rupture of
the CFL would lead to a laxity of the subtalar joint [10].
Furthermore, the CFL was strained and stretched in
a dorsiflexion position during an inversion movement
[11, 18]. Kobayashi also showed that the CFL tension increased when moving from plantarflexion to dorsiflexion
during inversion [30]. Our results support these previous
findings. Compared to the ATFL cut condition, sectioning the CFL led to a significant increase of the inversion
angle (2.2°) in the dorsiflexion position. This indicated
that the dorsiflexion caused a larger stretch between the
tibia and calcaneus. Thus, the CFL seems to have a more
stabilizing effect when the ankle joint is in dorsiflexion.
It is important to remark, that the present study does
not allow drawing a direct conclusion about the function
of the CFL solely, as a fixed sectioning order was chosen
and the ATFL was already sectioned before. Yet, especially in the dorsiflexed position, no changes in ankle
joint stability were observed when the ATFL alone was
cut. This provides evidence for the important role of the
CFL in lateral stabilization of the ankle joint.
Limitations

Some limitations have to be considered when interpreting the results of the present study. First, the number of
specimens might influence the systemic significance of
our results. Second, due to the manually induced external torque, minor fluctuations in amplitude and frequency were apparent. In order to minimize this
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potential error, always the same researcher was requested to rotate the foot plate to the maximum position in every trial. Third, based on the prevalence of
ligament rupture, we sectioned the ligaments always in
the same sequence and therefore isolated effects of the
CFL or the PTFL could not be investigated properly in
every positioning condition. A random sectioning sequence could be applied in a bigger sample size in the
future to detect the specific stabilizing functions of these
structures in isolated conditions. Fourth, the results
might be influenced by the age of the specimens and future studies with younger samples are desired.

Conclusions
The present study suggested that the CFL is the primary
ligamentous stabilizer of the ankle joint against a forced
inversion. Its functioning depends greatly on the plantar-/dorsiflexion position of the ankle joint complex, as
it provides the stability of the talocrural joint primarily
during plantarflexion and the stability of the subtalar
joint primarily during dorsiflexion.
Additional files
Additional file 1: Supplementary data 1. (XLSX 9 kb)
Additional file 2: Supplementary data 2. (XLSX 11 kb)
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Forefoot disorders are often seen in clinical practice. Forefoot deformity and pain can deteriorate
gait function and decrease quality of life. This review presents common forefoot disorders and
conservative treatment using an insole or orthosis. Metatarsalgia is a painful foot condition affecting the metatarsal (MT) region of the foot. A MT pad, MT bar, or forefoot cushion can be used
to alleviate MT pain. Hallux valgus is a deformity characterized by medial deviation of the first
MT and lateral deviation of the hallux. A toe spreader, valgus splint, and bunion shield are commonly applied to patients with hallux valgus. Hallux limitus and hallux rigidus refer to painful
limitations of dorsiflexion of the first metatarsophalangeal joint. A kinetic wedge foot orthosis or
rocker sole can help relieve symptoms from hallux limitus or rigidus. Hammer, claw, and mallet
toes are sagittal plane deformities of the lesser toes. Toe sleeve or padding can be applied over
high-pressure areas in the proximal or distal interphalangeal joints or under the MT heads. An MT
off-loading insole can also be used to alleviate symptoms following lesser toe deformities. Morton’s neuroma is a benign neuroma of an intermetatarsal plantar nerve that leads to a painful
condition affecting the MT area. The MT bar, the plantar pad, or a more cushioned insole would
be useful. In addition, patients with any of the above various forefoot disorders should avoid
tight-fitting or high-heeled shoes. Applying an insole or orthosis and wearing proper shoes can
be beneficial for managing forefoot disorders.
Keywords: Conservative treatment; Forefoot disorder; Insole; Orthosis; Shoes

Introduction
Forefoot disorders are extremely prevalent in the general population
and can hinder patients’ activities of daily living. In cases where
severe pain exists during gait, patients are reluctant to walk around,
which can lead to poor physical function [1,2]. In many cases,
forefoot disorders are caused by wearing ill-fitting or high-heeled
shoes, altered foot alignment, and foot arthropathy [3,4]. Although
there are several forefoot disorders, metatarsalgia, hallux valgus,
hallux limitus/rigidus, lesser toe deformities (hammer, claw, and
mallet toes), and Morton’s (interdigital) neuroma are common.
For the management of these disorders, conservative treatment

is usually attempted prior to surgical intervention. Conservative
treatments include corrective shoes, the application of insoles or
orthoses such as pads or supports, oral medications, and steroid
injections [5]. Despite the high incidence of forefoot disorders,
their conservative treatments have rarely been studied. Thus, in
this review, we aim to summarize common forefoot disorders and
present conservative treatments by focusing on shoe modifications
and the application of insoles or orthoses (Table 1).

Metatarsalgia
Metatarsalgia refers to pain in the plantar aspect of the foot in the
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Table 1. Summary of conservative treatment for forefoot disorders (other than shoe modification)
Forefoot disorder
Metatarsalgia
Hallux valgus
Hallux limitus/rigidus
Hammer, claw, and mallet toes
Morton’s (interdigital) neuroma

Conservative treatment
Metatarsal pad, metatarsal bar, and forefoot cushion
Toe spreaders
Kinetic wedge
Toe sleeve or padding, metatarsal off-loading insole
Matatarsal bar, planar pad, and more cushioned thicker insole

A

B

Fig. 1. (A) Metatarsal shortening of first metatarsal on right foot due to hallux valgus recurrence after hallux valgus surgery. (B) Callosity
under second and third metatarsal head due to altered metatarsal position after hallux valgus surgery.

region of the metatarsal (MT) head, particularly in the second,
third, and fourth rays [6]. During the toe-off phase of gait,
most of the pressure is concentrated in this area. A deteriorated
biomechanical condition of the foot can increase pressure on
the MT head during weight bearing, resulting in metatarsalgia.
Metatarsalgia can be divided into three types: primary,
secondary, and iatrogenic [6]. The incidence of metatarsalgia is
approximately 5–36% [7].
Primary metatarsalgia is caused by anatomical abnormalities
of the MT and the relationships between the MT and other
parts of the foot. The common causes of primary metatarsalgia
include first ray insufficiency [8], a long second MT [9], and
increased MT declination caused by pes cavus [8]. First ray
insufficiency is caused by inability of the first ray to accept loads
during weight bearing, leading to transfer pressure to the lesser
MT [8]. First ray insufficiency occurs due to several conditions,
such as hallux valgus, pes planus, and hypermobility of the first
metatarsophalangeal (MTP) joint [10]. The long second MT
shifts loads during weight bearing from the first to the second
ray [9]. Moreover, in pes cavus, MT declination increases and
https://doi.org/10.12701/yujm.2019.00185

pressure with heel strike focuses on the MT head and heel
without adequate lateral plantar midfoot support [8]. These
conditions increase lesser MT load and cause metatarsalgia.
Secondary metatarsalgia is induced by indirect overloading of
the forefoot [6]. Foot trauma can alter foot alignment, causing
angular or rotational MT displacement. Fracture or injury to
the supporting structures of the MTP joint (plantar plate and
collateral ligaments) deteriorates the foot’s biomechanical
alignment, leading to forefoot instability and pain [6]. Other
conditions, including hallux rigidus, Morton’s neuroma, tarsal
tunnel syndrome, Freiberg infarction, and chronic inflammatory
diseases can increase forefoot load without direct load on the MT
[8,11-13].
Iatrogenic metatarsalgia arises as a sequela of prior forefoot
surgery, such as altered MT position after proximal MT
osteotomy and excessive MT shortening after MT osteotomy
or hallux valgus surgery (Fig. 1) [14-16]. Complications after
forefoot surgery, including nonunion, malunion, or avascular
necrosis, can cause iatrogenic metatarsalgia [14-16].
To effectively treat metatarsalgia, clinicians should diagnose its
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A

B

C

Fig. 2. Orthosis for treatment of hallux valgus. (A) Toe spreader, (B) Valgus splint, and (C) Bunion shield.

causal factor and focus on solving it. For symptomatic relief, an
MT pad made of rubber, polyurethane, or silicone can be applied.
The pad reduces pressure under painful MT heads by spreading it
to a larger area, improving functional ability [17-19]. In 2005, Hsi
et al. [18] reported that the optimal method is to apply an MT
pad just proximal to the MT head. It also elevates the horizontal
arch of the forefoot, which can widen the space between MT
heads, reducing interdigital nerve compression and irritation
[18]. Use of an MT bar or forefoot cushion is also effective for
controlling metatarsalgia [20].

Hallux valgus
Hallux valgus, the most common foot deformity, is characterized
by medial deviation of the first MT and lateral deviation of the
hallux. The incidence of hallux valgus is approximately 23% in
18–65-year-olds and 35% in people over 65 years of age [21].
When the hallux valgus angle, defined as the angle between the
shaft axis of the first MT and the proximal phalanx of the hallux, is
greater than 15°, patients are diagnosed with hallux valgus. Hallux
valgus can be categorized as mild (15–20°), moderate (21–39°),
and severe (≤40°) [22]. In severe cases, subluxation of the first
MTP joint can be involved. Pain in the MTP joint, especially
during weight bearing, is routinely seen in patients with hallux
valgus [22].
The first ray bears a significant amount of weight because it
maintains the position of the medial arch [23]. Several factors
that deteriorate the integrity of the first ray, such as restrictive
footwear, foot deformities, and pes planus, can be ascribed to the
occurrence of hallux valgus [24]. The much higher prevalence of
hallux valgus in women (women:men=15:1) is associated with
the differential use of tight-fitting and high-heeled shoes [25].
Moreover, the fact that women have higher rates of ligamentous
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laxity, which disrupts the integrity of the first ray, seems to
contribute to the different incidence in men and women [26].
Prior to surgical correction, conservative treatment should be
initiated. Patients should avoid tight-fitting or high-heeled shoes
and wear soft and wide-toed shoes instead [22]. A toe spreader,
valgus splint, and bunion shield are suggested treatments for
hallux valgus (Fig. 2) [22]. The toe spreader separates the first
toe from the second toe and reduces pain caused by the bunion,
reducing protrusion of the MT head [27]. Many types of readymade toe spreaders are being applied in patients with hallux
valgus. In 2008, Tehraninasr et al. [27] recruited 30 patients with
hallux valgus and compared the effects of a toe separator made of
plastazote material with a semi-rigid total contact insole and those
of a valgus splint. After 3 months, pain intensity was significantly
reduced in 15 patients who were managed with the toe separator,
whereas the change in pain was not significant in the other 15
patients treated with the valgus splint. On the other hand, the
hallux valgus angle was not significantly reduced in either group.
In addition, ready-made toe spreaders do not accurately fit the
toe spaces of each patient; thus, the toe axis cannot be accurately
corrected. In 2018, Cha et al. [28] designed personalized toe
spreaders with three-dimensional scanning and printing and
successfully applied them in eight patients with hallux valgus.

Hallux limitus/rigidus
Hallux limitus refers to restricted sagittal range of motion
(ROM) of the first MTP joint. Also, hallux rigidus is defined
as a condition in which sagittal ROM is completely absent [2931]. Hallux limitus/rigidus occurs in 35–60% of peoples over 65
years old [32-34]. In addition, a functional reduction in ROM of
the first MTP joint that occurs during walking with no structural
limitations is referred to as functional hallux limitus [34].
https://doi.org/10.12701/yujm.2019.00185
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The predisposing factors of hallux limitus/rigidus include,
osteoarthritis, trauma, rheumatoid arthritis, age, female sex,
hypermobile first ray, hallux valgus, and pes planus [33,35-37].
The first MTP joint bears about 60% of one’s body weight [38].
Pes planus leads to excess weight load on the first MTP joint,
which causes arthritic changes in the first MTP joint.
A kinetic wedge foot orthosis can be applied to treat hallux
limitus or rigidus [39,40]. This involves the use of a cut out under
the first MT head, which seems to increase dorsiflexion at the
first MTP joint and allow the first ray to plantarflex more freely.
The kinetic wedge foot orthosis reduces plantar pressure under
the first MTP joint. In 2003, Rambarran et al. [40] reported
that plantar pressure under the first MTP joint during gait was
significantly reduced after the application of a kinetic wedge
foot orthosis. The addition of a rocker sole also helps relieve
symptoms [41].

Fig. 3. Hammer toe with a flexion deformity at the proximal
interphalangeal joint of the toe accompanied by a slight
metatarsophalangeal joint extension deformity.

Hammer, claw, and mallet toes
Hammer, claw, and mallet toes are sagittal plane deformities of the
lesser toes. The incidence of these deformities is approximately
30% [42]. Hammer toe refers to a flexion deformity at the
proximal interphalangeal (PIP) joint of the toe accompanied
by a slight MTP joint extension deformity (Fig. 3) [5]. Claw
toe is defined as a hyperextension deformity at the MTP joint
and secondarily having flexion deformity in the PIP and distal
interphalangeal (DIP) joints (Fig. 4) [5]. Mallet toe is defined
as a flexion deformity at the DIP joint. Difficult in wearing shoes
(impingement of the toes on the shoe box) and metatarsalgia can
occur during these deformities (Fig. 5) [5]. These deformities of
the lesser toe are associated with ill-fitting or high-heeled shoes
[43]. Hallux valgus can also contribute to the formation of lesser
toe deformities [44]. Shortening of the first ray by hallux valgus
slackens the plantar fascia and weakens the windlass effect on
the first toe, which leads to greater strain on the lesser toes [44].
This makes the supporting structures of the lesser toe more likely
to fail. Pathologies such as diabetes mellitus, neuromuscular
disorders, and inflammatory arthritis can also cause lesser toe
deformities [43]. Clinicians should recommend that patients wear
wider shoes with a larger toe box [45]. A toe sleeve or padding
can be applied over high-pressure areas of the PIP or DIP joints
or under the MT heads [46]. MT off-loading insoles can also
be used to alleviate symptoms following lesser toe deformities
[47]. However, there is paucity of clinical data on the effect of
conservative management of lesser toe deformities; thus, a clinical
trial should be performed on this theme in the future.

https://doi.org/10.12701/yujm.2019.00185

Fig. 4. Claw toe with a hyperextension deformity at the
metatarsophalangeal joint and secondarily having flexion deformity
in the proximal interphalangeal and distal interphalangeal joints.

Fig. 5. Mallet toe with a flexion deformity at the distal
interphalangeal joint.
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Morton’s (interdigital) neuroma

ORCID

Morton’s neuroma is a compression neuropathy of the plantar digital
nerve with associated perineural fibrosis [48]. Morton’s neuroma
reportedly affects 30% of the population and is predominant
in the female sex (female:male=4:1) [49]. It most commonly
affects the third space (66% of cases), followed by the second
(32%) and fourth spaces (2%) [50]. Its symptoms are a burning
and tingling sensation in the forefoot, with occasional numbness
in the affected toe [48]. Morton’s neuroma, a thickening of the
interdigital nerve, occurs just distal to the MT transverse ligament
and before bifurcation of the digital nerves. Entrapment of
the interdigital nerve between the intermetatarsal ligaments is
considered the key factor in the occurrence of Morton’s neuroma
[51]. It is related to various overload mechanisms and the use of
inadequate footwear [52]. Morton’s neuroma can be diagnosed by
a physical examination. The application of plantar pressure on the
area between and just proximal to the MT heads should replicate
the patient’s usual pain [48]. Moreover, concomitant lateral,
dorsal, and plantar compression of the MT heads can produce an
audible and painful Mulder click [48].
For treatment, patients should favor shoes with a lower heel and
wider toe box [49]. An MT bar on the sole of the shoe reduces
pressure loading on the space between MT heads and transfers it
more proximally [53]. Plantar pads placed to the insole proximal to
the neuroma elevate the MT head and decrease interspace pressure
[53]. The use of a more cushioned thicker insole can decrease the
pressure and impact on the intermetatarsal space [53].
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Conclusion
In clinical practice, many patients complain of forefoot pain or
deformity. The modification of shoes and application of insoles
or orthoses can be beneficial for managing forefoot disorder.
However, clinical data or evidence of these conservative treatment
methods are insufficient. To clarify the utility of these treatments
in forefoot disorders, further studies are needed. This review
will help clinicians consider various tools for treating forefoot
disorders.
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Heel Pain: Diagnosis and Management
The differential diagnosis of heel pain is extensive, but a mechanical etiology is the most common. The specific anatomic
location of the pain can help guide diagnosis. The most common diagnosis is plantar fasciitis, which leads to medial
plantar heel pain, especially with the first weight-bearing steps after rest. Other
causes of plantar heel pain include calcaneal stress fractures (progressively
worsening pain after an increase in activity or change to a harder walking surface), nerve entrapment or neuroma (pain accompanied by burning, tingling,
or numbness), heel pad syndrome (deep, bruise-like pain in the middle of the
heel), and plantar warts. Achilles tendinopathy is a common cause of posterior heel pain; other tendinopathies result in pain localized to the insertion site
of the affected tendon. Posterior heel pain can also be attributed to Haglund
deformity (a prominence of the calcaneus that may lead to retrocalcaneal bursa
inflammation) or Sever disease (calcaneal apophysitis common in children and
adolescents). Medial midfoot heel pain, particularly with prolonged weight
bearing, may be due to tarsal tunnel syndrome, which is caused by compression of the posterior tibial nerve. Sinus tarsi syndrome manifests as lateral midfoot heel pain and a feeling of instability,
particularly with increased activity or walking on uneven surfaces. (Am Fam Physician. 2018;97(2):86-93. Copyright © 2018
American Academy of Family Physicians.)
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Heel pain is a common presenting symptom to fam- or differences between the sides should be noted. Active
ily physicians and has an extensive differential diagnosis
(Table 1).1 Most diagnoses stem from a mechanical etiology
(Table 2).1 A thorough patient history, physical examination of the foot and ankle,2 and appropriate imaging studies
are essential in making a correct diagnosis and initiating
proper management. The history should provide information about the onset and characteristics of the pain, alleviating or exacerbating factors, changes in activity, and other
related conditions.
The anatomic location of the pain can be a guide to
diagnosis (Figures 1 and 2).1 Examination should include
inspection of the foot at rest and when weight bearing, as
well as palpation of bony prominences, tendon insertions,
and the foot and ankle joints. Any tenderness, defects,
Additional content at http://www.aafp.org/afp/2018/0115/
p86.html.
CME This clinical content conforms to AAFP criteria for
continuing medical education (CME). See CME Quiz on
page 75.
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range of motion of the foot and ankle should be assessed;
if full range of motion is not present, passive range of
motion should also be evaluated. Specific testing, as
detailed throughout this article, will also help determine
the diagnosis.

Plantar Heel Pain
PLANTAR FASCIITIS

More than 2 million persons present with plantar heel pain
every year.1 Plantar fasciitis is the most common cause, with
a lifetime prevalence of 10% in the general population.3,4
The primary symptom is usually throbbing medial plantar
heel pain that is worse with the first steps after rest. The pain
often decreases after further ambulation, but can return
with continued weight bearing. Palpation of the medial
calcaneal tuberosity and along the plantar fascia typically
causes sharp, stabbing pain (Figure 2).1 Passive dorsiflexion
of the foot and toes often elicits pain as well.5 Diagnostic
imaging is not required, but weight-bearing radiography,
magnetic resonance imaging (MRI), and ultrasonography
can help rule out other causes of heel pain.3,5 Heel spurs
are present in approximately 50% of patients with plantar
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HEEL PAIN
SORT: KEY RECOMMENDATIONS FOR PRACTICE
Evidence
rating

References

Corticosteroid and platelet-rich plasma injections
can reduce pain from plantar fasciitis, especially
when performed with ultrasound guidance.

A

5, 8-11

Extracorporeal shock wave therapy is a treatment
option for chronic recalcitrant plantar fasciitis and
Achilles tendinopathy.

B

5, 6, 12, 26

Bone scans, computed tomography, or magnetic
resonance imaging is often needed to diagnose
calcaneal stress fractures because radiography
does not always reveal a fracture.

C

15, 16

Duct tape occlusion is ineffective for the treatment
of plantar warts.

A

21

Radiographic findings of spurring at the Achilles
tendon insertion site or intratendinous calcifications are indicative of Achilles tendinopathy.

C

13

Corticosteroid or platelet-rich plasma injections
should not be used to treat Achilles tendinopathy.

A

22, 24

Radiography is typically not helpful in diagnosing
Sever disease.

C

1, 30, 31

Clinical recommendation

it can later occur at rest. Swelling or
ecchymosis may be noted on examination, with point tenderness at the
fracture site. A positive calcaneal
squeeze test (i.e., pain on squeezing
the sides of the calcaneus) suggests
the diagnosis. Radiography often
does not reveal a fracture, so bone
scans, computed tomography, or MRI
may be required15,16 (Figure 3 1). Activity modification, with little to no
weight bearing for up to six weeks if
pain is severe, is usually successful.15,16
Heel pads or walking boots can also
be used. Calcaneal stress fractures
tend to heal well in otherwise healthy
patients.
NEUROPATHIC ETIOLOGIES

Heel pain accompanied by burning,
tingling, or numbness may suggest
A = consistent, good-quality patient-oriented evidence; B = inconsistent or limited-quality
a neuropathic etiology, either with
patient-oriented evidence; C = consensus, disease-oriented evidence, usual practice, expert
nerve entrapment or the developopinion, or case series. For information about the SORT evidence rating system, go to http://
ment of a neuroma. Nerve entrapwww.aafp.org/afpsort.
ment can be caused by overuse,
trauma, or injury from a previous surfasciitis, but they do not correlate well with symptoms and gery.17,18 Neuropathic plantar heel pain typically involves
can also be found in persons without plantar fasciitis.5
branches of the posterior tibial nerve, the lateral plantar
Initial treatment is typically conservative, with rest, nerve, or the nerve to the abductor digiti minimi (Figure 2).1
activity modification, stretching, strengthening exer- Lumbar radiculopathy at the L4-S2 levels should also be
cises, ice massage, and use of anti-inflammatory or anal- considered regardless of the presence of associated low
gesic medications.1,4,5 Custom or prefabricated orthotics,
arch taping, night splinting, and physical therapy are
TABLE 1
effective and can be combined with more conservative
approaches.4-7 Corticosteroid and platelet-rich plasma
Differential Diagnosis of Heel Pain
injections—particularly when performed with ultrasound guidance—can provide short-term pain relief and
Arthritic
Neurologic
are often used when conservative measures are ineffecFibromyalgia
Lumbar radiculopathy (L4-S2)
tive or more immediate pain control is desired.5,8-11 CorGout
Nerve entrapment (branches
of posterior tibial nerve)
ticosteroid injections increase the risk of plantar fascia
Rheumatoid
arthritis
Neuroma
rupture or fat pad atrophy. Extracorporeal shock wave
Seronegative sponTarsal tunnel syndrome
therapy and plantar fasciotomy can be used to treat recaldyloarthropathies
(posterior tibial nerve)
citrant cases.5,6,12-14
CALCANEAL STRESS FRACTURE

Calcaneal stress fractures are caused by repetitive overload to the heel and most commonly occur immediately
inferior and posterior to the posterior facet of the subtalar joint.15 Pain usually begins after an increase in weightbearing activities or after changing to a harder walking
surface. The pain initially occurs only with activity, but
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Infectious
Diabetic ulcers
Osteomyelitis
Plantar warts
Mechanical (Table 2)

Trauma
Tumor (rare)
Ewing sarcoma
Neuroma
Vascular (rare)

Adapted with permission from Tu P, Bytomski JR. Diagnosis of heel
pain. Am Fam Physician. 2011;84(8):909.
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back pain. Neuropathic heel pain is usually unilateral, and
underlying systemic disease should be ruled out in patients
with bilateral pain.13 MRI and ultrasonography may be
helpful in visualizing the nerve entrapment.19 Treatment
initially involves rest, ice, use of anti-inflammatory or
analgesic medications, relief of pressure at the pain site,

and stretching.17,18 Surgical decompression should be considered if conservative treatment is ineffective.
Neuromas can also develop on branches of the tibial nerve. The pain may be mistaken for plantar fasciitis,
although it sometimes has a more burning or tingling sensation. Palpation at the neuroma site may reveal a painful

TABLE 2
Mechanical Causes of Heel Pain by Location
Etiology

Clinical features

Initial treatment

Plantar
Plantar fasciitis/
fasciosis

Pain with first steps after prolonged rest

Relative rest

Tenderness on medial calcaneal tuberosity
and along plantar fascia

Activity modification
Stretching/strengthening exercises
Anti-inflammatory/analgesic medication
Ice massage
Arch support

Heel spurs

Radiographic findings at site of pain

Decrease pressure to affected area

Calcaneal stress
fracture

Follows increase in activity level or change to
harder walking surfaces

Activity modification with occasional non–
weight-bearing activity

Pain with activity progressively worsens to
pain at rest

Heel pads or walking boots

Diagnosed with imaging
Nerve entrapment
(medial or lateral
plantar nerve, nerve to
abductor digiti minimi)

Sensations of burning, tingling, or numbness

Decrease pressure to affected area

Occasionally preceded by increased activity
or trauma

Anti-inflammatory/analgesic medication
Ice
Stretching exercises

Neuroma

Sensations of burning or tingling

Decrease pressure to affected area

Painful lump with palpation
Heel pad syndrome

Deep, bruise-like pain and tenderness at
middle of heel

Decrease pressure to affected area
Anti-inflammatory/analgesic medication
Heel cups
Taping
Proper footwear

Posterior
Achilles tendinopathy

Achy, occasionally sharp pain

Activity modification

Worsens with increased activity or pressure
to area

Decrease pressure to affected area

Tenderness along tendon

Anti-inflammatory/analgesic medication

Occasional palpable prominence from tendon thickening

Deep friction massage

Worsens with passive dorsiflexion

Heel lifts/orthotics

Tendon mobilization
Eccentric exercises
continues
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TABLE 2 continued

Mechanical Causes of Heel Pain by Location
Etiology
Posterior (continued)
Haglund deformity

Clinical features

Initial treatment

Pain at the superior aspect of the posterior
calcaneus

Decrease pressure to affected area
Anti-inflammatory/analgesic medication

Radiographic diagnosis
Retrocalcaneal bursitis

Sever disease (calcaneal apophysitis)

Midfoot (medial)
Posterior tibialis
tendinopathy

Pain, erythema, and swelling around Achilles
tendon

Decrease pressure to affected area

Tenderness on direct palpation

Corticosteroid injections (preferably ultrasound guided)

Pain in adolescents that worsens with
increased activity or during growth spurt

Activity modification

Tenderness at Achilles insertion

Ice

Pain with passive dorsiflexion and mediolateral calcaneal compression

Stretching/strengthening exercises

Tenderness at navicular and medial
cuneiform

Activity modification

Anti-inflammatory/analgesic medication

Anti-inflammatory/analgesic medication

Orthotics/shoe modifications

Decrease pressure to affected area
Anti-inflammatory/analgesic medication
Eccentric exercises

Flexor digitorum longus tendinopathy

Tenderness posterior to medial malleolus and
obliquely across sole of foot to base of distal
phalanges of lateral toes

Activity modification
Decrease pressure to affected area
Anti-inflammatory/analgesic medication
Eccentric exercises

Flexor hallucis longus
tendinopathy

Tenderness posterior to medial malleolus and
on plantar surface of great toe

Activity modification
Decrease pressure to affected area
Anti-inflammatory/analgesic medication
Eccentric exercises

Tarsal tunnel
syndrome

Burning, tingling, or shooting pain and numbness in posteromedial ankle and heel (may
extend into toes) that worsens with standing
and activity
Positive Tinel sign
Muscle atrophy in severe cases

Activity modification
Orthotics
Neuromodulatory/anti-inflammatory
medication
Corticosteroid injections

Midfoot (lateral)
Peroneal tendinopathy

Tenderness in lateral calcaneus along path to
base of fifth metatarsal

Activity modification
Decrease pressure to affected area
Anti-inflammatory/analgesic medication
Eccentric exercises

Sinus tarsi syndrome

Pain in lateral calcaneus and ankle

Orthotics

Feeling of foot/ankle instability

Ice massage

Worse after exercise or on uneven surfaces

Anti-inflammatory/analgesic medication

May have history of repeated ankle sprains

Physical therapy (balance/proprioception,
strengthening exercises)
Corticosteroid injections

Adapted with permission from Tu P, Bytomski JR. Diagnosis of heel pain. Am Fam Physician. 2011;84(8):910-911.
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lump. Neuromas should be considered when treatment for
plantar fasciitis is ineffective.1,18

may be tender to palpation. They are usually self-limited;
however, patients often desire quicker resolution. Over-thecounter medications, cryotherapy, topical medications,
laser therapy, and shaving the wart are effective treatments
but may worsen pain in the short term.21 Occlusion with
duct tape has not been proven effective for plantar warts.21

HEEL PAD SYNDROME

Pain from heel pad syndrome is described as a deep,
bruise-like pain, usually in the middle of the heel, and can
be reproduced with firm palpation. Pain may be elicited
by walking barefoot, on harder surfaces, or for prolonged
periods.20 This syndrome is typically caused by inflammation but can also be due to damage to or atrophy of the heel
pad. Decreased heel pad elasticity from aging, prior corticosteroid injections, or increased body weight may also
contribute.1,20 Treatment is aimed at decreasing pain with
rest, ice, taping, and the use of anti-inflammatory or analgesic medications, heel cups, and proper footwear.

Posterior Heel Pain
ACHILLES TENDINOPATHY

The Achilles tendon is formed from the merging of the
soleus and gastrocnemius muscles, and it inserts into the
calcaneus.22 Excessive mechanical loading of the muscle,
such as with increased running, can cause tendinopathy that leads to posterior heel pain. The pain associated
with Achilles tendinopathy is achy, occasionally sharp,
and worsens with increased activity or pressure to the
area.13,22 Fluoroquinolone use has been shown to precipitate Achilles tendinopathy, particularly in older persons.23
The diagnosis can be classified as insertional or within the
midsubstance of the tendon.13,22,24 Palpation should reveal

PLANTAR WARTS

Plantar warts, which are raised skin lesions resulting from
infection with the human papillomavirus, can cause heel
pain. Lesions can be noted on inspection of the heel and

FIGURE 1
Location of heel pain

Plantar

Midfoot

Posterior

Type of pain

Age of patient
Lateral

Burning/tingling

Sharp/achy
Insertional

Nerve
entrapment

Neuroma

With first
weight-bearing
steps after rest

Plantar
fasciitis

Medial

Timing
of pain

Peroneal
tendinopathy

With prolonged
weight-bearing

Heel pad
syndrome

Involving
the ankle

Sinus tarsi
syndrome

Tarsal
tunnel
syndrome

Child/adolescent

Adult

Sever disease
(calcaneal
apophysitis)

Location around
Achilles tendon

Insertional/
midsubstance

At rest

Haglund
deformity
with or
without
bursitis

Achilles
tendinopathy

Calcaneal
stress
fracture

Plantar wart

Surrounding

Algorithm for diagnosing etiologies of heel pain.
Adapted with permission from Tu P, Bytomski JR. Diagnosis of heel pain. Am Fam Physician. 2011;84(8):911.
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tenderness along the tendon and sometimes a prominence
from tendon thickening. Passive dorsiflexion of the ankle
increases pain. Radiography may demonstrate spurring
at the tendon insertion or intratendinous calcifications.13
Ultrasonography may demonstrate thickening of the tendon (Figure 4).1
Effective treatments include activity modification,
eccentric exercises, reduction of pressure to the area, deep
friction massage, tendon mobilization, and use of analgesic medications and heel lifts or other orthotic devices.22,25
Some studies have shown benefit with extracorporeal
shock wave therapy 26 and nitroglycerin patches.27 Kinesiology taping 28 and corticosteroid or platelet-rich plasma
injections 22,24 have been found ineffective for Achilles tendinopathy. Injections, particularly with corticosteroids,
should be avoided because of the risk of tendon rupture.
Severe cases may require surgery.

ice, stretching and strengthening the gastrocnemius-soleus
complex, and shoe modifications with orthotics, heel cups,
or lifts.30,31

Midfoot Heel Pain
TENDINOPATHIES

Other, less common tendinopathies can cause heel pain
localized to the insertion site of the affected tendon.
Medial heel pain may be triggered by the posterior tibialis,
flexor digitorum longus, or flexor hallucis longus tendon.1
Lateral heel pain can originate from the peroneal tendon.
Ultrasonography of these tendons may aid in the diagnosis.32 Treatment is similar to that of Achilles tendinopathy.
TARSAL TUNNEL SYNDROME

The tarsal tunnel is a fibro-osseous space formed by the
flexor retinaculum, medial calcaneus, distal tibia, posterior

HAGLUND DEFORMITY

A Haglund deformity is a prominence of the superior aspect of the posterior calcaneus (Figure 21
and eFigure A) that is most common in middleaged women.29 Repeated pressure from ill-fitting
footwear or the deformity itself can cause retrocalcaneal bursitis.13,29 Patients with retrocalcaneal bursitis have erythema and swelling over
the bursa and tenderness to direct palpation.
Treatment is aimed at decreasing pressure and
inflammation and may include wearing openheeled shoes, corticosteroid injections (preferably with ultrasound guidance), physical therapy,
and use of anti-inflammatory or analgesic medications.13,29 In refractory cases, surgery may be
necessary to remove the deformity.13,29

FIGURE 2

Posterior
tibial nerve

Flexor retinaculum

Haglund
deformity

Tarsal tunnel
syndrome

SEVER DISEASE

The most common etiology of heel pain in children and adolescents is Sever disease (calcaneal
apophysitis). Patients usually present between
eight and 12 years of age with activity-associated
heel pain, particularly with running or jumping,30 that is often worse at the beginning of a new
sports season or during a growth spurt.31 Pain
may be elicited by palpation around the Achilles insertion site, with mediolateral calcaneal
compression, and with passive dorsiflexion.30,31
Radiographic findings are typically normal
but may show fragmented or sclerotic calcaneal apophysis.1 Treatment is conservative and
includes limiting of pain-inducing activities, use
of anti-inflammatory or analgesic medications,
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Plantar fasciitis
Medial plantar
nerve

Common sites of heel pain with corresponding diagnoses.
Illustration by Steve Oh
Reprinted with permission from Tu P, Bytomski JR. Diagnosis of heel pain. Am
Fam Physician. 2011;84(8):912.
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talus, medial malleolus, and abductor hallucis.17,18 Compression of the posterior tibial nerve through the tarsal tunnel causes burning, tingling, shooting pain, or numbness
FIGURE 3

Magnetic resonance image of calcaneal stress fracture (arrow).

in the posteromedial ankle and heel, and sometimes into
the distal sole and toes.17,18,33 It can also lead to cramping
of the medial longitudinal arch.33 This syndrome can be
caused by trauma, space-occupying lesions, poor biomechanics, or systemic disease.18,33
Patients with tarsal tunnel syndrome often report worsening of pain with standing, walking, or running, and
relief with rest, elevation, and use of loose-fitting footwear.
Examination may reveal pes planus or another deformity, malalignment, or muscle atrophy in severe cases.18
The pain can be reproduced by tapping along the course
of the nerve (Tinel sign) and with provocative maneuvers
to stress or compress the nerve (dorsiflexion-eversion test,
plantar flexion-inversion test).18,33 MRI is the preferred
diagnostic test for tarsal tunnel syndrome,33 but ultrasonography, electromyography, and nerve conduction studies
may also be useful.18,33 Treatment is typically conservative
and consists of activity modification, corticosteroid injections, biomechanical interventions, and use of oral or topical anti-inflammatory medications, orthotic devices, and
neuromodulator medications (tricyclics and antiepileptics). Surgery can be considered if conservative measures
are ineffective.17,18,33
SINUS TARSI SYNDROME

The sinus tarsi, or talocalcaneal sulcus, is an anatomic space
bound by the calcaneus, talus, talocalcaneonavicular joint,
and posterior facet of the subtalar joint. Sinus tarsi syndrome
can be caused by a single
traumatic event, repeated
lateral ankle sprains, or
FIGURE 4
repeated hyperpronation of
the foot, leading to instability of the subtalar joint.32,34
Patients with sinus tarsi
syndrome typically present
with pain in the lateral calcaneus and ankle accompanied by a feeling of foot
and ankle instability that
is provoked by running,
cutting and jumping, walking on uneven surfaces, or
even stepping off a curb.32,34
Imaging may include MRI
A
B
or radiography with stress
views.34 Treatment includes
Ultrasound image showing (A) normal Achilles tendon (arrow) and (B) thickened
Achilles tendon (arrow) from Achilles tendinopathy.
ice, massage, taping, balance
and proprioceptive trainReprinted with permission from Tu P, Bytomski JR. Diagnosis of heel pain. Am Fam Physician.
2011;84(8):913.
ing, muscle strengthening,
corticosteroid
injections
Reprinted with permission from Tu P, Bytomski JR. Diagnosis of
heel pain. Am Fam Physician. 2011;84(8):912.

92 American Family Physician

www.aafp.org/afp

Volume 97, Number 2

◆

January 15, 2018

HEEL PAIN

(eFigure B), and use of anti-inflammatory medications,
ankle braces, and orthotics.1,34 Surgery is usually required
in patients for whom rehabilitation has been ineffective.34
This article updates previous articles on this topic by Tu and
Bytomski1; Aldridge35; and Barrett and O’Malley. 36
Data Sources: A PubMed search was completed in Clinical
Queries using the key term heel pain in combination with each
etiology discussed in the article, with occasional use of the
key words diagnosis, treatment, and management. The search
included meta-analyses, randomized controlled trials, clinical
trials, and reviews. Searches were also performed in Essential
Evidence Plus, the Cochrane Database of Systematic Reviews,
and the Clinical Journal of Sports Medicine and British Journal
of Sports Medicine (both through the American Medical Society
for Sports Medicine website). Search dates: September, November, and December 2016; and October 2017.
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Adventitious bursitis of the plantar fat pad is a common cause of forefoot
pain. It may develop at sites where subcutaneous tissue is exposed to friction
and high pressure. In the forefoot, adventitious bursitis is usually adjacent to
bony prominences of the metatarsal heads. Diagnosis and management of
adventitious bursitis usually do not require imaging studies. However, the
condition occasionally presents as a solid pseudotumoral mass requiring
imaging. Magnetic resonance imaging (MRI) may demonstrate a
heterogeneous mass with a solid component exhibiting intermediate to high
signal intensity on T2-weighted images and thick nodular enhancement
suggesting a neoplastic lesion. We report three cases of adventitious bursitis
in patients who complained of a painful palpable mass on the forefoot, with
a partially solid and enhancing component seen on MRI. In the first case, a
biopsy was performed for the diagnosis of adventitious bursitis. The two
other cases exhibited a solid component on MRI. However, a diagnosis of
adventitious bursitis was suspected, and it was felt that a biopsy could be
postponed. The spontaneous regression of the mass with relative discharge
of the forefoot pressure confirmed the diagnosis. With these three cases, we
illustrate the MR findings that could suggest adventitious bursitis despite the
presence of a solid component and that may obviate the need for pathologic
proof.
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ABSTRACT

CASE REPORT

CASE REPORT
Case 1
A 60-year-old man, a thoracic and vascular surgeon
usually standing during his work and with no remarkable
medical history, consulted for a painful plantar mass of the
right foot. Clinical examination revealed a palpable solid mass
located below the second metatarsal head. The overlying skin
was normal. Blood samples indicated no biologic
inflammation. Radiographs showed no bone abnormality (Fig.
1a). MRI revealed a well-delineated mass under the second
metatarsal head, measuring 20 mm at its largest diameter and
Radiology Case. 2020 Feb; 14(2):12-20

exhibiting intermediate signal intensity on T1-weighted MR
images and heterogeneous high signal intensity on T2weighted MR images (Fig. 1b-d). Gadolinium-enhanced
images showed enhancement of a thick peripheral part of the
mass but not its central fluid-like part (Fig. 1e). Owing to the
partly solid appearance of the mass, a tumor with central
necrosis was not excluded and a percutaneous biopsy was
decided. Pathology examination of the biopsy showed fibrosis,
inflammatory remodeling and a slit-like cavity within collagen
sheets that represented an adventitious bursa (Fig. 1f-g). At 3month follow-up after relative rest, avoiding prolonged
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Case 2
A 31-year-old woman who typically wore high-heeled
shoes at work as an assistant advertising manager consulted
for plantar pain of the left foot that had substantially increased
after standing for 2 months. She had no remarkable medical
history. Clinical examination showed a plantar mass below the
second metatarsal head with slight hyperkeratosis but no
clinical inflammation. Blood did not show inflammation or
increased white blood cell count. Radiographs showed no
abnormalities (not shown). Doppler ultrasonography showed a
poorly
delineated
lumpy
infiltrate
without
hypervascularization (Fig. 2a-b). MRI revealed a welldelineated mass measuring 21 mm at its largest diameter
surrounding and extending at the plantar aspect of the second
metatarsal head and in the adjacent intermetatarsal spaces; the
mass exhibited heterogeneous low signal intensity on T1weighted images and high signal intensity on T2-weighted
images (Fig. 2c-e). Gadolinium-enhanced MR images showed
enhancement of a thick peripheral part of the mass and a
central (fluid-like) non-enhancing part (Fig. 2f).
From our experience with case 1, and owing to the
location of the mass, regular use of high-heeled shoes, and
clinical and imaging findings, an adventitious bursitis was
suspected. During a medical meeting, it was decided to delay a
decision for biopsy and to ask the patient to stop wearing the
high-heeled shoes. After 2 months, the pain was much
alleviated and the mass had almost disappeared clinically.

Case 3
A 35-year-old professional ballet dancer, giving two
performances each day, six days a week, consulted for right
plantar pain present for 8 months and a plantar mass below the
first metatarsophalangeal joint. Radiographs of the foot were
normal (Fig. 3a). MRI revealed a well-delineated mass
measuring 22 mm at its largest diameter, with heterogeneous
intermediate signal intensity on T1-weighted and
heterogeneous mostly intermediate signal intensity on T2weighted MR images under the first metatarsal head (Fig. 3bd). Gadolinium-enhanced MR sequences showed enhancement
of a thick nodular peripheral part of the mass but not a central
fluid-like area (Fig. 3e). Tenosynovitis of the flexor hallucis
longus was also present (Fig. 3c). During a medical meeting, a
diagnosis of adventitious bursitis was considered and a biopsy
postponed. The patient was asked to stop the professional
dancing activity. At a 2-month follow-up, the metatarsalgias
and the palpable mass were markedly reduced.

DISCUSSION
Introduction:
Adventitious bursitis of the plantar fat pad is one of the
most common causes of forefoot pain [1]. It develops
secondary to chronic microtrauma and shearing forces exerted
on the subcutaneous tissue of the plantar forefoot [2]. The
Radiology Case. 2020 Feb; 14(2):12-20

diagnosis and management usually do not require imaging
studies [3]. However, the condition may sometimes present as
a pseudotumoral superficial mass of the plantar forefoot
requiring imaging [2].
We report three cases of adventitious bursitis of the
plantar fat pad that presented as a superficial pseudotumoral
mass of the plantar forefoot and was partly solid on magnetic
resonance imaging (MRI), mimicking a neoplastic process.

Etiology & Demographics:
In contrast to natural superficial synovial bursae such as
those of the patella and olecranon, whose aim is to reduce
friction between skin and subjacent prominences, adventitious
bursitis may appear during adulthood in response to high
friction and pressure. Unlike intermetatarsal bursitis, It
presents no synovial lining and results from the coalescence of
prexisting small spaces within the connective tissue [1].
To our knowledge, only rare reports described
adventitious bursitis of the plantar fat pad presenting as a
pseudotumoral mass [2, 3]. It is likely, however, that this
presentation is not so rare in actual practice.
Adventitious bursitis of the plantar fat pad are commonly
located in areas of maximal pressure, namely the heel and
beneath the first and fifth metatarsal heads, according to the
tripod model. The foot tripod refers to three points of contact
that the bottom of the foot makes with the ground. A balance
between these points evenly distributes weight on the foot and
provides stability. It’s also thought that the arches of the foot
function optimally when the tripod position is maintained [4].
In one of our patients, the adventitious bursitis was located
below the first metatarsal head, whereas in other two, it was
located below the second metatarsal head, which is also a high
weight-bearing area, especially in individuals with a long
second foot ray and a subsidence of the forefoot arch. Among
the six symptomatic adventitious bursitis, reported by Studler
et al, three were located beneath the first metatarsal head, two
beneath the second head and one beneath the third head [1].
Our three patients were exposed to chronic overload of
the forefoot due to their profession or the wearing of highheeled shoes, all recognized factors favoring the occurrence of
adventitious bursitis [5].

Clinical & Imaging findings:
Patients consult for a painful plantar mass of the forefoot.
The mass is directly located beneath a metatarsal head, in
opposition to intermetatarsal bursitis, which is located
between the metatarsal heads. Concerning the imaging
findings, few studies have focused on the MR appearance of
adventitious bursitis of the forefoot [1-3], and, to our
knowledge, their possible pseudotumoral appearance has not
been described. Our cases appeared as predominantly solid
masses with a limited cystic component, which mimicked a
tumoral mass, except for their suggestive location. Pathology
examination of the biopsy for case 1 showed non-specific
reactive tissue alterations with fibrosis, inflammatory
13
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standing and use of a sit during surgery, the palpable mass had
markedly decreased in size at physical examination.
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Distinguishing benign from malignant soft-tissue mass is
a critical issue, particularly in the foot, where malignant softtissue tumors are not uncommon. According to the literature
[5-7], among the most specific MR signs for malignancy
prediction is the signal inhomogeneity of the mass on T2weighted sequences. In all of our cases, the mass exhibited
inhomogeneous signal intensity on T2-weighted MR
sequences, and a malignant soft-tissue tumor such as a
synovial sarcoma was considered in the differential diagnosis,
especially in the two youngest patients. Our cases did not
exhibit other MR signs suggestive of malignancy, such as size
greater than 5 cm and encasement of neighboring
neurovascular bundles [8-10].
In our three patients, the mass presented a thick and
nodular enhancing wall, and a central fluid-like, nonenhancing area occupied only a limited part of the soft-tissue
mass. To some extent, this presentation mimics a malignant
process with focal tumoral necrosis but is also suggestive of
an inflamed bursitis once the possible presence in this location
of adventitious bursitis is known.

Treatment & Prognosis:
A 2-month follow-up with relative rest avoiding sports
and long walks as well as high-heeled shoes together with the
use of specific sole allowing a relative unloading of the
bursitis area results in markedly decrease in size or
disappearance of the mass in the majority of cases. Intrabursal
steroid injection through a dorsal approach under ultrasound
guidance is an option in intractable cases provided strict
asepsis measures are provided. Surgical excision of the
bursitis is rarely needed and only in case of conservative
treatment failure.

Differential Diagnosis:
Foreign-body granuloma
Foreign-body granulomas are frequent in the plantar fat
pad. They usually present as a non-specific mass with low
signal intensity on T1-weighted and high intensity on T2weighted MR images, and peripheral contrast enhancement.
The foreign body can sometimes be visualized (blooming
artefact).
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Giant cell tumor of the tendon sheath
Giant-cell tumors of tendon sheaths usually appear as a
well-defined soft tissue mass connected to the tendon sheath
exhibiting heterogeneous low-to-intermediate signal intensity
on both T1-weighted and T2-weighted MR images depending
on their hemosiderin content.
Morton neuroma
Morton neuromas typically present as a tear-shaped,
spindle-shaped or dumbbell-shaped mass isointense on T1weighted images and hypointense on T2-weighted images, in
the region of neurovascular bundle on the plantar aspect of the
deep intermetatarsal ligament. A widening of the interdigital
nerve is a suggestive finding.
Soft tissue sarcoma
Soft tissue sarcomas should be considered in case of a soft
tissue mass more than 5cm-large, inhomogeneous signal
intensity on T2-weighted images, encasement of neighboring
neurovascular bundles or osteolysis of an adjacent bone.

Plantar fibromatosis
Most cases of plantar fibromatosis appear as a soft tissue
mass inseparable from the deep aponeurosis and underlying
muscles, with predominantly heterogeneous low-tointermediate signal intensity on T1-weighted and T2-weighted
MR images and marked enhancement after gadolinium
injection [11]. A fascial tail sign may be present [11].

TEACHING POINT
Adventitious bursitis of the plantar forefoot may mimic a solid
tumoral mass at MRI to some extent. However, key findings
may allow for a correct diagnosis: location in a plantar area
submitted to high weight-bearing pressure, context of
professional overload of the plantar forefoot, and rapid
decrease in size of the mass with relative discharge of the
forefoot or cessation of overloading activities. Knowledge of
the possible partial solid appearance of adventitious bursitis
and heterogeneous signal intensity on T2-weighted MR
sequences is helpful to avoid unnecessary biopsy. However, a
biopsy of the mass is still needed if the mass does not decrease
in size with rest within the following weeks.
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FIGURES

Figure 1: 60-year-old man with adventitious bursitis
Findings: a Conventional right foot oblique radiograph showing no abnormalities. MR images of the forefoot showing a
superficial mass below the second metatarsal head (b-e) (straight white arrows). b Coronal T1-weighted MR image showing a
round mass of intermediate signal intensity located below the second metatarsal head. c-d Sagittal and coronal fat-suppressed T2weighted MR image showing a heterogeneous signal intensity mass with an area of low signal intensity (arrow). e Coronal
gadolinium-enhanced T1-weighted MR image showing a thick solid enhancing rim (arrowhead) corresponding to the bursal wall
contrasting with a hypointense fluid-like central area (arrow). f-g Histo-morphology (HE sections) showing inflammatory
histiocytic reaction and dense fibro-vascular tissue without malignant proliferation (black arrow) Slit like cavities (white arrow),
inflammatory remodeling (black arrow), fibrosis (white arrow head).
Technique: a Conventional right foot oblique radiograph 46Kv 2mAs. b Coronal T1-weighted MR image of the forefoot. (TR
609ms TE 15ms. Magnet strength: 1.5 Tesla, 3mm slice thickness). c Sagittal Fat-suppressed T2-weighted MR image of the
forefoot. TR 1100ms TE 124ms. Magnet strength: 1.5 Tesla, 3mm slice thickness. d Coronal Fat-suppressed T2-weighted MR
image of the forefoot. TR 1100ms TE 124ms. Magnet strength: 1.5 Tesla, 3mm slice thickness. e Coronal T1-weighted MR
image of the forefoot after administration of 0.2 ml/Kg of Gadoteric acid. TR 609ms TE 15ms. Magnet strength: 1.5 Tesla, 3mm
slice thickness. Magnification x1.25.
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Figure 2: 31-year-old female with adventitious bursitis at the plantar aspect of the second metatarsal head and in the adjacent
intermetatarsal spaces
Findings: a-b Doppler ultrasonography showing a poorly delineated lumpy infiltrate without vascularization at the plantar aspect
of the forefoot, centered below the second metatarsal head (arrows). c Coronal T1-weighted MR image showing a welldelineated hypointense mass surrounding the lateral, plantar and medial aspects of the second metatarsal head (straight arrow). de Coronal and axial fat-suppressed T2-weighted MR images showing a heterogeneous mass (curved arrow) exhibiting mostly
intermediate signal intensity with areas of high and low signal intensity. f Gadolinium-enhanced T1-weighted MR image
showing a thick nodular enhancing wall (straight arrow) with central non-enhancing areas (arrowheads).
Technique: a-b Doppler ultrasonography sagittal view conducted with the use of linear transducer of high frequency (15Mhz). c
Coronal T1-weighted MR image of the forefoot. TR 609ms TE 15ms. Magnet strength: 1.5 Tesla, 3mm slice. d Coronal fatsuppressed T2-weighted MR image of the forefoot. TR 1100ms TE 124ms. Magnet strength: 1.5 Tesla, 3mm slice. e Axial fatsuppressed T2-weighted MR image of the forefoot. TR 1100ms TE 124ms. Magnet strength: 1.5 Tesla, 3mm slice. f Coronal T1weighted MR image of the forefoot after administration of 0.2 ml/Kg of Gadoteric acid. TR 609ms TE 15ms. Magnet strength:
1.5 Tesla, 3mm slice thickness. Magnification x1.25.
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Figure 3: 35-year-old man with adventitious bursitis of the forefoot.
Findings: a Conventional antero-posterior radiograph of the right foot showing no abnormalities. b-d: MRI of the forefoot
demonstrating a well-delineated mass developed below the first metatarso-phalangeal joint. b Coronal T1-weighted showing an
intermediate signal-intensity mass. c Coronal fat-saturated T2-weighted images showing a tenosynovitis of the flexor hallucis
longus (arrowhead) d Coronal fat-saturated T2-weighted images showing a heterogenous mass with high (straight arrow) and low
signal intensity (arrowhead). e Sagittal gadolinium-enhanced T1-weighted MR image showing a partial nodular enhancement of
the mass (arrowhead).
Technique: a Conventional antero-posterior right foot radiography 46Kv 2mAs. b Coronal T1-weighted MR image of the
forefoot. TR 609ms TE 15ms. Magnet strength: 1.5 Tesla, 3mm slice. c, d Coronal fat-suppressed T2-weighted MR image of the
forefoot. TR 1100ms TE 124ms. Magnet strength: 1.5 Tesla, 3mm slice. e Coronal T1-weighted MR image of the forefoot after
administration of 0.2 ml/Kg of Gadoteric acid. TR 609ms TE 15ms. Magnet strength: 1.5 Tesla, 3mm slice. Magnification x1.25.
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Adventitious
bursitis of the
plantar fat pad
of the foot

Diffuse
thickening of
soft tissue. No
osteolysis

Foreign body
granuloma

Foreign body
visible if
radiopaque

Giant cell
tumor of the
tendon sheath

Normal or
pressure erosion
of neighboring
bone

Morton
neuroma

Normal

Soft tissue
sarcoma

Possible
osteolysis of
neighboring
bones
Normal

Plantar
fibromatosis

US

MRI

Pattern of contrast
enhancement
a poorly delineated
A well-delineated mass measuring around
Heterogeneous thick
lumpy infiltrate
2cm in size with heterogeneous
peripheral
without
intermediate-to-low signal intensity on T1enhancement with a
vascularization.
weighted, and heterogeneous mostly
central nonintermediate signal intensity on T2-weighted enhancing area
MR images
foreign body
A non-specific mass with low signal
Peripheral contrast
intensity on T1-weighted images and high
enhancement
intensity on T2-weighted images. The
foreign body can sometimes be visualized
(blooming artefact).
Connection to the
A well-defined soft tissue mass connected to Intense
tendon sheath
the tendon sheath exhibiting typically low to heterogeneous
intermediate signal intensity on both T1contrast
weighted and T2-weighted MR images
enhancement
depending on the hemosiderin content.
a well-defined hypoA tear-shaped, spindle-shaped or dumbbell- Moderate contrast
echoic mass in the
shaped mass isointense on T1-weighted
enhancement
plantar soft tissues at
images and hypointense on T2-weighted
the level of the
images, in the region of neurovascular
metatarsal heads
bundle on the plantar aspect of the deep
intermetatarsal ligament. A widening of the
interdigital nerve is a suggestive finding.
A large heterogeneous Size greater than 5cm. Inhomogeneous
Heterogeneous
mass
signal intensity on T2-weighted images.
enhancement
Encasement of neighboring neurovascular
bundles.
Hypoechoic or mixed
Well-defined mass superficially but
heterogeneous
echoic fusiform mass inseparable from the deep aponeurosis and
enhancement of
in the subcutaneous
underlying muscles. Heterogeneous mass
variable intensity
tissues superficial to
predominantly low-to-intermediate signal
the echogenic plantar intensity on T1-weighted and T2-weighted
fascia, either medially images. Possible fascial tail sign
or centrally located

Table 1: Differential diagnosis table for adventitious bursitis of the forefoot
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Chronic microtrauma and shearing forces exerted on the subcutaneous tissue of the plantar forefoot
To our knowledge, this is one of rare reports in the medical literature describing this phenomenon. It is likely,
however, that the paucity of reports belies a higher prevalence in actual practice.
No gender predilection.
Adult
Adventitious bursitis of the foot is commonly located in areas of maximal pressure, namely the heel and
beneath the first and fifth metatarsal heads. Exposure to chronic overload of the forefoot due to some
professional occupations exposing to prolonged standing or wearing of high-heeled shoes.
Avoid chronic overload and high heeled shoes. In addition to oral medications, intrabursal steroid injections
through a dorsal approach under ultrasound guidance is an option in intractable cases provided strict asepsis
measures are provided. Surgical excision of the bursitis is rarely needed and only in case of conservative
treatment failure.
The mass was markedly reduced or totally disappeared within some months of treatment.
Location: commonly located beneath the head of the first and the fifth metatarsal head.
US: a poorly delineated lumpy infiltrate without vascularization.
MRI: a well-delineated mass measuring with heterogeneous intermediate or low signal intensity on T1weighted MR images and heterogeneous mostly intermediate signal intensity on T2-weighted MR images.
Gadolinium-enhanced MR sequences showed enhancement of a thick nodular peripheral part of the mass but
not a central fluid-like area
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Table 2: Summary table of adventitious bursitis of the forefoot

