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ABSTRACT
While being one of the most frequent parental complained deformities, flatfoot does not have a universally ac-
cepted description. The reasons of flexible flatfoot are still on debate, but they must be differentiated from rigid 
flatfoot which occurs secondary to other pathologies. These children are commonly brought up to a physician 
without any complaint. It should be kept in mind that the etiology may vary from general soft tissue laxities to 
intrinsic foot pathologies. Every flexible flatfoot does not require radiological examination or treatment if there is 
no complaint. Otherwise further investigation and conservative or surgical treatment may necessitate.
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Though the term flatfoot (pes planus) is gener-
ally defined as a condition which the longitu-

dinal arch of the foot collapses, it has not a clinically 
or radiologically accepted universal definition. Flat-
foot which we frequently encounter in routine out-
patient practice will be more accurately seen as a re-
sult of laxity of ligaments of the foot. However each 
case of flatfoot is not similar to each other. Staheli 
divided flatfoot into 2 groups as physiological, and 
pathological flatfoot [1, 2, 3]. Within this context, 
flexible (flexible, physiological, and hypermobile) 
flatfoot should be differentiated from secondary 
ones which can develop as a consequence of other 
pathologies. In flexible flatfoot, medial longitudinal 
arch of the foot collapses in various degrees during 
weight-bearing (Figure 1). However during rais-
ing up one’s body on tiptoe (tiptoe test) foot arch 

forms again (Figure 2). When weight-bearing forces 
on feet are relieved this arch can be observed. If the 
foot is not bearing any weight, still medial longitu-
dinal arch is not seen, then it is called rigid (fixed) 
flatfoot. To differentiate between these two condi-
tions easily, Jack’s test (great toe is dorisflexed as the 
plantar fascia tightens) can be used (Figure 3). In 
this review flexible flatfoot will be discussed.

Though actual incidence of flatfoot in children 
is not known, it is acknowledged that it is one of 
the most frequently seen deformites which cause 
parent’s complaints in the outpatient clinic of pe-
diatrics. Still, the issue whether flexible flatfoot is 
a real deformity is debatable. For instance Staheli 
et al. [2] performed a study investigating the devel-
opment of medial longitudinal arch of the sole, and 
revealed that“ flatfoot is generally seen in infants, 
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prevalently in children, and occasionally in adults”. 
In their study, Wenger et al.[4] concluded that “flex-
ible flatfoot is an unavoidable outcome of trying to 
walk on normal foot bones with loose ligaments.” 
Apparently, most of the time flatfoot does not cause 
any problem.

Epidemiology
In 90% of the children aged <2 years, an anatomic 
variation resembling flatfoot can be seen which is 
due to infantile adipose cushion formation local-
ized on the medial part of the foot. Besides toddlers 
who start to walk can assume a flatfoot posture. In 
fact they try to walk with their feet resting entirely 
on the ground so as to maintain a balanced posture. 
Consequently, they shift their weight-bearing axis 
to the first or second tarsometatarsal joint which 
may induce a flatfoot posture. In most of the chil-
dren normal longitudinal arch develops at 3-5 years 
of age (Figure 4), and in only 4% of them flatfoot 
persists after 10 years of age.

Well, how is the situation in adults? In nearly 
23% of the adult population collapse of the medial 
longitudinal arch of the foot can be seen [5]. How-
ever it is not an isolated entity, and in two thirds 
of the cases, subtalar complex, hyperflexible ankle 
joint, and in one-fourths contracture of the triceps 
surae muscle have been observed [5, 6]. Probably 
these combined pathologies cause patients’ com-
plaints rather than collapse of the medial longitu-
dinal arch per se.

Etiopathology
Many theories have been generated related to the 
causes of flexible flatfoot, however precise etiology 
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Figure 1. Collapse of the weight-bearing foot. During 
weight-bearing, disappearance of the medial longitudi-
nal arch of the foot is seen. On posterior view, angling 
of the Achilles tendon (hindfoot valgus) is observed.

Figure 2. Tiptoe test. While  raising up on tiptoe, re-
construction  of the medial longitudinal arch collapsed 
during weight-bearing is observed.

Figure 3. Dorsiflexion of the great toe test. When great 
toe is brought to passive dorsiflexion position, emer-
gence of medial longitudinal arch is observed.

Figure 4. Schematic demonstration of the arches of the 
foot. Three foot arches are schematically displayed.
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dividuals valgus shift of the calcaneus occurs result-
ing in loss of support for talar head which assumes 
a more upright position. Normal arch is lost, the ex-
isting pattern shifts to the medial, and foot sole rests 
more heavily on the ground (Figure 5).

When the foot is in supination, bones of the 
midfoot are locked, and lose much of their capac-
ity to move. However joints of the pronated foot 
become more mobile. During weight-bearing, ever-
sion of the heel, and abduction of the forefoot cause 
collapse of the midfoot, shortening of the longitu-
dinal arch , and consequently talar head, and na-
vicular tuberosity rest on the floor, and bears the 
whole weight. With time Achilles tendon shortens, 
and everts the foot with potential worsening of the 
deformity, and development of tendon contracture. 
Many techniques have been used to identify, and 
define medial longitudinal arch of the foot includ-
ing radiological imaging modalities, podoscopic 
systems which employ mirror to show the contact 
area beneath the foot, whole toeless footprint analy-
sis, arch height, and foot plantar pressure measure-
ments To obtain quantitative data, Clarke angle, 
Chippaux-Smirak Index (CSI), Staheli arch index 
have been defined. Among them CSI [10, 11] has 
been reported to have a predictive value above 90 
percent [12]. CSI is the ratio between the widest 
(segment a) and the narrowest (segment b) areas 
with borders passing through metatarsal heads as 
estimated from podographic measurements of foot-
prints The classification of feet based on b/a ratio 

has not been elucidated yet. During routine outpa-
tient practice, family history, and obesity are rou-
tinely inquired, while general theories are based on 
structural bone deformities, muscular imbalance, 
and ligamentous laxity.

Foot bones supported with ligaments, tendons, 
and capsular structures form the normal medial 
longitudinal arch of the foot. Foot muscles do not 
maintain longitudinal arch. Electromyographic 
(EMG) studies have revealed that neither intrin-
sic, nor extrinsic muscles support, and maintain 
longitudinal arches at standing posture [7]. How-
ever during walking, and activities performed, both 
muscle groups maintain dynamic stabilization of 
the arch. In a study reinforcing this argument, Fi-
olkowski discovered the importance of intrinsic 
muscles of the foot in providing support for medial 
longitudinal arch [8]. In recent studies, flatfoot seen 
in posterior tibial tendon insufficiency which has 
been studied extensively, suggests the importance 
of this musculature. In their biomechanical study, 
Huang et al. indicated that plantar fascia is the most 
important anatomical structure contributing to the 
stability of the medial arch, followed by talonavicu-
lar, and spring ligaments [9].

In the normal weight-bearing pattern, lateral edge 
of the foot, the first, and the fifth metatarses come in 
contact with the ground. However, in flatfooted in-

Figure 5. Weight- shifting pattern. During normal walk-
ing weight-bearing pattern passing through lateral 
edge of the foot, shifts to the medial side, and media 
structures rest on the floor.

Figure 6. Chippaux-Smirak 
index: CSI = b/a. The raio 
between the widest (seg-
ment a), and the narrowest 
(segment b) ares passing 
through the metatarsal heads 
as estimated from footprints 
measured by podographs.



is as follows: b/a= 0, cavus foot; 0.01-0.29, normal 
foot; 0.30-0.39, intermediate foot; 0.40-0.44, col-
lapsed foot, and ≥0.45 flatfoot (Figure 6) [13].

Clinical evaluation 
Studies based on footprint analyses, and radiologi-
cal evaluations have shown that medial longitudinal 
arch of the feet continues to develop all along the 
first 10 years of life [2, 14, 15]. The suggestion that 
medial ligaments of the foot become harder ,and 
stronger with age which form the arch with time, 
reveals the futility of using corrective shoes and or-
thoses. Studies have shown that additional defor-
mities do not develop in flatfooted individuals with 
aging [16]. Harris and Beath demonstrated that if 
not associated with comorbidities, collapsed longi-
tudinal arch of the foot did not lead to persistent 
problems without adversely affecting normal func-
tions of the foot [5, 6].

Even some studies have reported that wearing 
shoes had harmful effects on the formation of lon-
gitudinal arch of the foot [17, 18]. The reason why 
Hippocrates had not mentioned about flatfoot can 
be explained by shoe-wearing habits of that time. 
Rao and Joseph evaluated footprints of 2300 chil-
dren aged between 4, and 13 years, and indicated 
that in barefooted children normal medial longitu-
dinal arch formed at a higher frequency, and stat-
ed that shoe-wearing habit might adversely effect 
the development of medial longitudinal arch [18]. 
Since modifications of shoe design, and sole in-
soles are ineffective in the treatment of flatfoot [19, 
20], the main objective in the treatment of flatfoot 
should be to convince the patient’s relatives that this 
deformity will resolve with time, and use of orthosis 
is not necessary.

Physical examination: Generally, children with-
out any complaints are brought to the medical cen-
ters by their families. Sometimes, standing for a long 
time may cause leg, and foot pains. Gait disorders 
are caused mainly by three factors: problems of step-
ping inward, and outward (increased femoral ante-
version, tibial medial torsion, metatarsus adductus), 
O and X leg deformities, laming, and limping.

In the presence of contracture of the Achilles 
tendon, an induration along the Achilles tendon 
can be palpated while the ankle is in dorsiflexion, 
the knee in extension, and the foot in inversion. The 

child can not walk on his/her heels when requested 
to do so. Characteristically on lateral radiograms 
obtained while the patients were pressing against 
the floor with their feet calcaneus equinus, and 
plantar flexion of the talus caused by retraction of 
the Achilles tendon can be seen.

On physical examination laxity of foot ligaments 
should be evaluated. In cases of general ligamentous 
laxity, child’s hyperextended thumb should touch 
his/her forearm, and hyperextended fingers can be 
brought parallel to the back of the hand. Besides 
genu, and cubital recurvatum should be present. 
During tiptoe walking, inversion of the heel indi-
cates importance of strengthening plantar, and in-
vertor muscles, however this phenomenon has not 
been proved yet. If during raising up on tiptoe, in-
version of the heel, and formation of a foot arch are 
not observed, then it is not a case of flexible flatfoot, 
and mainly the following abnormalities of rigid flat-
foot deformity should be investigated:

- Neurological, and myopathic disorders: disor-
ders of muscular weakness (polyomyelitis, periph-
eral neuropathy); muscular weakness, and contrac-
ture of the Achilles tendon (Duchenne muscular 
dystrophy), calcaneus equinus deformity together 
with spasticity (cerebral palsy).

- Painful, and restricted hindfoot movements: 
tarsal coalition, inflammatory arthritis

- Calcaneus equinus together with rocker-bot-
tom deformity: congenital vertical talus

- Pain elicited on pressing over navicular bone: 
accessory navicular bone or osteochondritis 

For the examination of the subtalar joint which is 
the most important joint in the inversion and ever-
sion of the hindfoot, while the child was laid in the 
prone position, the knee is brought to 130° flexion, 
and the foot is held in dorsiflexion to restrict lateral 
movement of the tibiotalar joint, and evaluation of 
range of motion (ROM) of only subtalar joint is at-
tempted. Restriction of subtalar joint ROM should 
suggest especially the presence of tarsal coalition.

Radiological investigations are not necessary for 
every flatfooted child.

 In severe cases or in conditions were the family 
is dissatisfied, anteroposterior (AP) or lateral radio-
grams of the foot with the child standing on his/
her feet can be obtained. On AP radiograms talo-
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between 25°, and 50° (Figure 7). Talar-first meta-
tarsal angle (Meary’s angle) should not be present. 
(Figure 8). Talonavicular coverage angle should not 

calcaneal angle should range between 15°, and 35°. 
An angle over 35° indicates hindfoot valgus. On 
lateral radiograms, talocalcaneal angle should vary 

Figure 7. Anterior and lateral talocalcaneal angle. On anteroposterior radiograms the angle be-
tween the longitudinal axes of the talar, and anterior talocalcaneal joints (Kite angle). It normally 
measures between 15, and 35 degrees which decreases in varus foot, and increases in hindfoot 
valgus. On lateral radiograms the angle between longitudinal axes of talus, and calcaneus (plantar 
surface axis of the calcaneus) is termed as lateral talocalcaneal angle.

Figure 8. Normal, and deformed Meary angle. Lateral radiograms obtained while the patient is 
standing on foot, the angle between longitudinal axes between the talus, and the first metatars 
is called Meary angle. Normally these two axes are in alignment.



exceed 7 degrees (Figure 9). On lateral radiograms 
of the patients standing on feet with shorter medial 
longitudinal arches, talus assumes a more vertical, 
while calcaneus, and metatarses take a more hori-
zontal position. In cases requiring further examina-
tions, on oblique radiograms or Harris radiograms 
(radiograms of the posterior aspect of the foot ob-
tained from a 45° angle of projection) tarsal coali-
tion, vertical talus, talipes calcaneovalgus, accessory 
navicular bone can be visualized.

Treatment 
Since flatfoot affects mostly our precious children, 
families with high levels of expectancy for cure 
most of the time do not satisfy with the treatment 
which leads to the application of miscellaneous, and 
extreme surgical, and non-surgical treatment alter-
natives probably not witnessed in any other pedal 
deformity.

There is no need to treat flexible flatfoot in chil-
dren without any complaint.

Controlled studies have demonstrated that foot 

orthroses have no effect on the development of me-
dial longitudinal arch of the foot [19, 20]. Interest-
ingly these types of treatment only “cure” parents, 
rather than the patients.

Then, when, and what type of treatment are nec-
essary? Flatfoot exercises are analyzed in two main 
headings: weight-bearing, and non-weight- bearing 
exercises Exercises performed while seated are non-
weight- bearing exercises which include rotating the 
feet, trying to grip the objects on the floor with foot, 
holding knees, and feet in extension, forcing the toes 
for abduction, and adduction, and crossing one foot 
over the other. Similarly, walking on tiptoes or on 
outside edge of the foot, standing on tiptoes on an 
elevated surface, walking with flexed feet are some 
of the weight-bearing exercises.

If contracture of the Achilles tendon is pres-
ent, stretching exercises, and Thera-Band exercises 
should be performed by the parents or if compli-
ant by the children themselves. If tendon stretch-
ing exercises are to be performed by the parents, 
then the method of holding the foot in supination 
should be taught to the parents so as to prevent 
forcing the forefoot to dorsiflexion relative to the 
midfoot. If heel valgus is very pronounced, and liga-
mentous laxity is present, then tiptoe walking, and 
gait exercises, and raising on tiptoes can be tried to 
strengthen tibialis posterior muscle. During these 
exercises, take care that the feet of the patient are 
pacing parallel to each other. Firstly heel, then out-
er edge of the feet, and finally toes should come in 
contact with the floor. During this heel-toe walking 
exercises, walking on the medial edge of the feet is 
not allowed, in addition balanced working of foot 
muscles is ensured. 

In symptomatic patients with painful medial 
longitudinal arch, and night cramps in addition to 
stretching, and muscle strengthening exercises, or-
thosis, and arch support insoles, and inserts can be 
used. Use of arch support shoes manufactured for 
this purpose might resolve complaints.

In more persistent cases, use of more rigid or-
thoses such as UCBL [University of California 
Biomechanics Laboratory] or Helfet heel cups were 
found to be helpful in that they corrected talona-
viculocuneiform axis, and increased calcaneal dor-
siflexion with resultant alleviation of patients’ com-
plaints [21, 22]. 
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Figure 9. Normal, and deformed talonavicular grasping 
angle. On dorsolateral radiograms obtained while the 
patient is standing on foot, the angle formed by the 
bisection of the antero-medial, and the anterior-lateral 
extremes of the talar head, and the bisection of the 
proxiimal articular surface of the navicular. If it is more 
than 7 degrees, then it indicates presence of a lateral 
talar subluxation.
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the tibialis muscle should be also shortened so as to 
maintain its support to the medial column.

In conclusion: Flexible flatfoot in children has 
not a generally acceptable definition, and researches 
on its miscellaneous treatment alternatives have 
been continuing. Therefore, the best alternatives 
seem to involve letting the feet of these children 
alone, and raising awareness among families on this 
issue so as to refrain them from resorting to unnec-
essary applications.
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