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Review of the Acquired Adult Flatfoot Deformity
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Abstract
Acquired adult flatfoot deformity is a common disorder commonly seen in the middle-aged and elderly female that is
responsible for foot pain, misalignment, and difficulty to walk. The progressive involvement of dynamic and static
stabilizers results in flattening of medial arch, subtalar subluxation, and forefoot abduction. Posterior tibial tendon
(PTT) dysfunction is the most common associated pathology though it has been linked to multiple factors including
trauma, neuromuscular disorders, and inflammatory pathologies. The PTT is the primary dynamic stabilizer and spring
ligament is the primary static stabilizer of the medial arch of the foot. Tendon degeneration involves several stages that
include synovitis, peritendinous inflammation to partial, and complete tear with overlapping stages present at the same
time. The clinical examination is the cornerstone of diagnosis. Staging is based on clinical examination with objective
findings such as the presence or absence of deformity; the deformity is correctable or not, and the presence or absence of
osteoarthritis rather than the severity of symptoms. Acquired flat foot deformity (AFFD) is a progressive disorder
starting from PTT dysfunction. As the disease progresses the damage to other supporting structure lead to worsening of
the disease culminating in misalignment, gait abnormality, and osteoarthritis. The four-tier staging of AFFD by Johnson
and Storm weighs the clinical examination findings and level of misalignment. Initial stages can be managed
conservatively, but as severity increases, soft tissue and bones get involved warranting surgical procedures directed
toward correcting the pathophysiology.
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Introduction
Flatfoot is one of the common concerns of patients
presenting in foot and ankle clinics. The condition is also
known as pes planus. It can be developmental or acquired.
It has been found that up to 15% of the population never
develop well-defined arches [1],of which only 7–15%
become symptomatic and seek medical attention. The
focus of our review is acquired adult flatfoot deformity
(AAFD) that is characterized by partial and complete
flattening of the medial arch after achieving normal
skeletal maturity. The condition may be asymptomatic in
earlier stages, but as the disease progresses, it is disabling
enough to hinder the daily activities if not decapitating.
The clinical and radiological assessment helps in the
staging of the disease and selection of appropriate
treatment strategies.
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Pathophysiology
The human foot consists of 26 bones, more than 30 joints,
numerous intrinsic muscles, and ligaments arranged
together to form three arches[2]. The three arches,
namely, medial arch, lateral arch and transverse arch, are
interrelated, so dysfunction of one leads to failure of the
others[3].The transverse arch is made up of cuneiform
bones, cuboid along with bases of metatarsals. The lateral
arch formed by calcaneus, cuboid, fourth metatarsal, and
fifth metatarsal is rigid and supports the body weight. The
medial arch consists of calcaneus, talus, navicular,
cuneiform bones, and first–thirdmetatarsals. The medial
arch is taller and flexible that undergoes conformational
changes during the gait cycle[4]. The geometry of bony
structures, including arches, maintains alignment and
stability, but osseous configuration alone is insufficient.
Soft tissue stabilizers augment the bony structures. These
soft tissue stabilizers act in tandem, reinforcing each other
during the standing and gait cycle.
Posterior tibialis muscle originates from the proximal
tibia, fibula, and interosseous membrane. The tendon
forms above the ankle and takes a sharp turn around
medial malleolus changing its course from a vertical to
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(PTT) in relation to the ankle and subtalar
joint allow it to function both as a plantar
flexor and as an inverter of foot [6]. PTT
coordinates the plantar flexion with other
plantar flexors that include flexor digitorum
longus (FDL), flexor hallucis longus, and
gastrocnemius-soleus complex . The
Figure 1: The clinical picture depicts acquired
Figure 2: The clinical picture
functional PTT is only active during the
adult flat feet showing collapsed medial arch and shows the valgus deformity of the stance phase of the gait cycle and is relatively
near-total contact with the ground.
foot when looked from behind.
quiet during standing. During the terminal
midstance phase of the gait cycle, concentric
contraction of PTT inverts the hindfoot, this inversion of
subtalar structures leads to locking of the midtarsal joint
[7]. This locking of midtarsal by function PTT generates a
rigid lever arm that allows the transmission.

Figure 3: In normal cases, when we look from behind only
fifthand half of fourth toe is visible. In this picture, three toes on
the right foot and all the five toes are visible on the left foot picture
confirming the bilateral too many toe sign.

more horizontal orientation. The tendon in the
retromalleolar groove is supported by flexor retinaculum.
The tendon trifurcates just proximal to navicular. The
anterior two-third tendon inserts at navicular tuberosity
and remaining fibers insert at the medial cuneiform [5].
The peculiar positioning of the posterior tibial tendon

Figure 4: The anteroposteriorview of the X-ray shows the talo-first
metatarsal angle, measured between the angle formed by the long
axis of talus and the long axis of the first metatarsal. The picture on
the left in the normal patient having the value around 5.7° compared
to acquired flat foot deformity patient who has a value around 37.6°.

Clinical Evaluation
The patient usually is a middle-aged or elderly female, with
high body mass index. The usual complaints are pain along
the medial aspect of the foot and difficulty to walk on
uneven surfaces or for a longer duration. Clinical
examination reveals a spectrum of findings that may
include from fullness over the medial aspect of the ankle,
flattened arch (Fig. 1), valgus heel (Fig. 2), or too many
toes sign.
The usual site of swelling and tenderness is around the
medial malleolus, but it can occur at any place along the

Figure 5: The anteroposterior view of the X-ray shows the
talonavicular coverage angle formed between the articular surface of
the talar head and proximal articular surface of the navicular bone.
The picture on the left in the normal patient having a value around
5.7° compared to acquired flat foot deformity patient who has a
value around 33.8°.
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Figure 6: The lateral view of the X-ray shows the Meary’s angle
formed between the midline axis of the talus and midline axis of
the first metatarsal. The picture on the left in the normal patient
having the value around 2.3° compared to acquired flat foot
deformity patient who has a value around 16°.

course of PTT. As the severity increases, the pain may be
felt on the lateral aspect of the foot also. The pain on the
lateral aspect is attributed to sub fibular impingement
peroneal tendonitis, talocalcaneal impingement, and
sinus tarsi syndrome [8]. The “too many toes” sign (Fig.
3) can be explained as visibility of more than two toes in
the lateral aspect when viewed from the behind. The
“too many toes” sign, though not specific, is indicative of
forefoot abduction[9].
Single heel raise test helps us to diagnose the flexibility
of the foot, strength, and functional status of PTT in the
early stages of acquired flat foot deformity (AFFD). The
PTT tendon helps in inverting the foot by locking the
transverse talar joints in the heel raise. In the absence of
functioning PTT, the function of a stable lever arm to lift
the foot off the ground is inadequate. In early stages, heel
raise may be possible with the help of Achilles tendon,
but this cannot be for the sustained duration that
clinches the diagnosis. In summary,“Inability to invert
the heel” points toward the diagnosis of PPT

Figure 8: The axial view of the X-ray shows the hindfoot
alignment angle formed between the tibial anatomical axis and the
calcaneal longitudinal axis. The picture on the left is of the normal
patient having the value of around 3.9° compared to acquired flat
foot deformity patient who has a value around 22.1°.

Figure 7: The lateral view of the X-ray shows the calcaneal pitch,
also known as the calcaneal inclination angle. The angle is
calculated between the calcaneal inclination axis and supporting
the horizontal surface. The picture on the left the normal patient
having the value around 20.3° compared to acquired flat foot
deformity patient who has a value around 9.6°.

dysfunction.
The tightness of gastrocnemius soleus complex or
tendon Achilles contracture (equines contracture) has
been found associated with AFFD[10]. Silfverskiloid
test can be used to differentiate the above two
conditions. The ankle dorsiflexion is checked while
maintaining the knee in extension and repeated in
flexion. The improvement of more 10 degrees in ankle
dorsiflexion in knee flexion is considered as positive and
suggests gastrocnemius-soleus complex tightness.
Radiographic Evaluation
Weight-bearing radiographs of foot and ankle are the
cornerstone for the management of AAFD. Weightbearing anteroposterior (AP), lateral and Saltzman
views should be taken in all patients with suspected
AAFD.
The important measurements on AP view include talofirst metatarsal angle, talonavicular uncoverage angle,
and calcaneal fifth metatarsal angle. The talo-first
metatarsal angle (Fig. 4) measures the angle between
the long axis of the talus and the long axis of the first
metatarsal. Normal value ranges between 5and 7
degrees, while it is usually >16degrees in flat feet[11].
The talonavicular coverage angle (Fig. 5) is formed
between the lines of the articular surface of talus and
navicular bone. Normal values lie between 7 and

Figure 9: The anteroposteriorand lateral view of medial calcaneal
displacement osteotomy done after displacing the medial
fragment and stabilizing with screws.
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Figure 10: The anteroposteriorand lateral view of the double
arthrodesis, involving the talocalcaneal and talonavicular joint.

14degrees, and values >14 degrees[12] are reported in
AAFD.
The lateral view helps in the assessment of the longitudinal
arch. In the lateral view, the important measurements
include Meary’s angle calcaneal pitch and arch angle.
The talo-first metatarsal angle also known as Meary’s angle
(Fig. 6),is the angle measured between the line originating
from the center of the body of the talus (bisecting the talar
neck and head) and the longitudinal axis of first metatarsal
[13]. The normal value is 0–4 degrees. Any value above 4
Table1: Stabilizers of foot

Stabilizers
Dynamic (primary)

Components
Posterior tibial tendon(PTT)
Flexor digitorum longus(FDL)
Flexor hallucis longus
Peroneus longus
Dynamic (Other)
Gastrocnemius
Soleus
Intrinsic muscles of the foot
Static (Primary)
Spring ligament
Talocalcaneal ligament
Deltoid ligament
Static (Other structures)
Plantar fascia
Tarsometatarsal joint complex

degrees is considered abnormal with grades of mild <15,
moderate 15–30, and severe >30 degrees [14]. Calcaneal
pitch (Fig. 7)is defined as the angle formed between the
inferior calcaneal inclination axis and supporting the
horizontal surface. The normal value lies between 20 and
30 degrees with measurement <18 degrees signifies flat
feet. The third value measured is Calcaneus-fifth
metatarsal angle, also known as the arch angle, that is
formed between the calcaneal inclination angle and
inferior edge of fifth metatarsal. The usual angle is between
150 and 170 degrees and >170 degrees in the case of flat
feet [15].
The Saltzman view also called hind foot alignment view
help assessment of heel valgus and forefoot abduction.
Two important measurements in this view are “hindfoot
moment arm” and “hindfoot alignment angle.” The
hindfoot moment arm measures the shortest distance
between the most inferior part of calcaneum and line
through the mid-tibial axis [16]. The measurement lies
around 0–3 mm for normal compared to >12 mm[17] for
flat feet. The hind foot alignment angle (Fig. 8) points to
the angle formed between the intersection of the
longitudinal axis of the tibial shaft and axis of the calcaneal
tuberosity. The angle increases from up to 5 degrees
(Normal) to 22 degrees (AAFD).
Table 4 : Preferred treatment depending on the stage of the AFFD
Treatment
I

Goal

Stage

Foot orthotics
Footwear modification
Tenosynovectomy
Stage II A
Medial calcaneal displacement osteotomy
(MCDO)

Correction of hindfoot valgus and
support the medial arch
Debridement of the tendon
Correction of hindfoot valgus

Flexor digitorum longus tendon (FDL) transfer

Replace the action of dysfunctional
posterior tibial tendon (PTT)

Gastrocnemius recession

Relief the stretching force on the heel

Table 2 : Radiographic evaluation of important measurements
Angle

Measurement

Normal

Abnormal

0

>4–15 Mild
>15–30
Moderate
>30 Severe

20–30

<18

150–165

>170

0

>7

15–20

>20

7

>16

<3 mm

>10 mm

0 –5

>22

Stage II B

Lateral view
st

Meary’s angle(Talus-1 metatarsal angle)

Calcaneal inclination angle(calcaneal pitch)
th

Calcaneal 5 metatarsal angle

The long axis of talus and the long axis
of firstmetatarsal
Between the plantar calcaneal surface
and horizontal plane
Between inferior margin border of
calcaneum and inferior border of
fifthmetatarsal

Anteroposterior view

Talonavicular uncoverage angle

st

Talus-1 metatarsal angle

Between the articular surface of talar
head and articular surface of the
proximal navicular bone
The long axis of talus and the long axis
of first metatarsal

Axial view

Hindfoot moment arm

Hindfoot alignment angle

The shortest distance between the mid
tibial axis and inferior most part of
calcaneus
The longitudinal axis of the tibial shaft
and the longitudinal axis of calcaneal
tuberosity

MCDO+FDL transfer with opening wedge (Cotton)

medial cuneiform osteotomy OR

Correction of forefoot
supination/Lateral column
lengthening

Evans open wedge osteotomy
Spring ligament reconstruction

Correction of talonavicular joint
abduction

Stage III

Double arthrodesis (Subtalar
arthrodesis+Talonavicular arthrodesis)
StageIV
Pantalar arthrodesis (Triple arthrodesis+Ankle
arthrodesis)
Total ankle replacement+Triple arthrodesis (Fig.
12) (Double arthrodesis+Calcaneocuboid
arthrodesis)
AFFD: Acquired flat foot deformity

Elevate the talus in the correct
position, corrects theeversion, and
creates a stable plantigrade foot
Creates stable ankle and plantigrade
foot
Treatment of ankle arthritis with
stable plantigrade foot
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Stages of AFFD
Stage I
The usual complaint is swelling and medial ankle pain
along the course of PTT and decreased endurance. The
alignment and function of the foot are preserved. Single
heel raise is possible but not for the sustained period.
Radiographs are usually normal, but inflammatory
changes or early degenerative changes can be seen on
magnetic resonance imaging.
Stage II
The patient complains of difficulty in walking on the
uneven surface. There is a collapse of the arch during
weight-bearing. On clinical examination, we can find
the rotational deformity of hindfoot, heel valgus, and
too many toe signs. The single heel-rise test is not
usually possible especially at later stages. The deformity
is still correctable on manipulation.
Stage III
The pain now involves the lateral side also. On
examination, we can see lateral column shortening and
fixed hindfoot valgus. There may be symptoms related
to talocalcaneal or subf ibular impingement.
Radiographs show a deterioration of hindfoot valgus
angle, degenerative osteophyte or arthritic changes
involving triple joint complex.
Stage IV
The symptoms shift from foot to the ankle joint. There
is incompetent deltoid ligament responsible tibiotalar
joint drift to valgus culminating in instability and
tibiotalar valgus deformity.
Treatment
Conservative
Nonoperative treatment should be attempted first,
although its success has been described primarily in less
severe stages. Activity modification and nonsteroidal
anti-inflammatory drugs may provide symptomatic
relief and allow the PTT tendonitis to resolve.
Patients in the initial stage may be provided with a
custom brace or footwearand a rehabilitation program.
Isolated plain medial arch support footwear may not be
adequate in most of the cases. We need to assess the
proper position, alignment, and flexibility of the
forefoot, midfoot, and hindfoot to prescribe
propercustomized footwear.

Surgical Procedures in Brief
Medial calcaneal displacement osteotomy [18]
A 4 cm incision is placed below the lateral malleolus
cantering the body of the calcaneum. The skin and
subcutaneous tissue dissected, and peroneal tendons
retracted. A K wire is used to mark the angle for
osteotomy under image intensifier guidance. The power
saw is used to make calcaneal osteotomy from lateral to
medial. An osteotome may be used to complete the
osteotomy. The distal fragment of the calcaneum is
displaced medially up to one-third of the original width
(Approximately 1 cm). The distal calcaneal fragment is
medialized, and K wires are used to fix the fragment
temporarily. The position is checked under the image
intensifier. The calcaneum osteotomy is stabilized with
6.5 mm screws (Fig. 9). The stability of osteotomy is
reassessed after the final fixation.
FDL tendon transfer [19]
The incision is placed over the medial aspect of the foot,
starting just behind the medial malleolus to navicular.
The skin and subcutaneous tissue is dissected. The
sheath of tibialis posterior tendon is opened, and tendon
cut 2cm from its attachment. The flexor digitorum
(FDL) tendon identified and followed up till knot of
Hennery. The FDL is cut just distal to the knot of
Hennery. The drill hole is made from dorsal to plantar
centering the navicular. The FDL tendon is looped
through the hole in the navicular. The tenodesis of FDL
tendon is done with the stump of the tibialis posterior
tendon.

Table 3: Johnson storm classification [9]
Stage
I
IIA

IIB

Deformity
none

Clinical findings
PTT tenosynovitis
Laxity of the spring
Flexible deformity
ligament
Low-grade PTT tear
Dysfunctionalspring
Flexible deformity
ligament
High-grade PTT tear

III

Rigid deformity

IV

Flexible /rigid
tibiotalar valgus

Radiographs
Normal
<30% Talar head
uncoverage
>30% Talar head
uncoverage
Too many toes in
Saltzman view

Forefoot abduction
Sinus tarsi syndrome
Subtalar arthritis
Subtalar osteoarthritis
Lateral hindfoot
impingement
Deltoid ligament
Talar tilt
involvement
Tibiotalar arthritis

PTT: Posterior tibial tendon
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Gastrocnemius recession[20]
A linear incision of around 5 cm is placed over the
posterior aspect of midcalf approximately 25 cm from
the Achilles tendon inser tion. The skin and
subcutaneous tissue dissected bluntly. Care should be
taken to locate Sural nerve and lesser saphenous vein if
present in the field should be protected. The interval
between gastrocnemius tendon and soleus tendon
identified. A transverse incision is placed to divide the
fascia leaving the gastrocnemius tendon intact. The skin
is closed in layers.
Double arthrodesis[21]
The arthrodesis can be performed through two separate
incisions or through a long medial incision. The lateral
incision is placed from the lateral malleolus tip to the
base of fourth metatarsal. The subtalar joint is exposed,
osteophyte and cartilage present in the joint are
removed. The next step is to prepare the joint surface for
arthrodesis. Multiple holes to be made in the articular

surface of talus and calcaneum, to prepare the surface for
arthrodesis. The second incision is placed medially
between the tendon of extensor hallucis longus and
tibialis anterior (TA) to approach the talonavicular
joint. The TA tendon retracted laterally, and
talonavicular joint visualized, and osteophytes or
articular cartilage are excised. The joint surface is
prepared for arthrodesis. The position of subtalar and
talonavicular joints are reassessed and confirmed under
the image intensifier. The talonavicular joint is
stabilized first temporarily with K wires and further
stabilized with the screw. The subtalar joint if fixed next
under image intensifier with 6.5 mm screws(Fig. 10).
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