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Abstract: Clinical examination of the newborn’s foot is a complex exercise that requires a lot of sensitivity,
practice and deep understanding of normal and pathological anatomy, and the clinical assessment of a child
with congenital talipes equinovarus, or congenital clubfoot, must be complete and it should not be limited to
a simple orthopedic evaluation of the foot; the search for a cause is a pressing concern. This narrative review
article aims to provide the key information about clinical examination of children with congenital clubfoot;
classification systems are also described. Clinical examination of children with congenital clubfoot is essential.
In particular, it is important to evaluate the mental age of the child (developmental milestones), to rule out
the presence of a spinal dysraphism, to eliminate a mild form of neurological disease (congenital myopathy
or arthrogryposis), as well as to carefully examine the face and hands of the patient. The examination of the
foot and the classification of the clubfoot deformity complete the clinical evaluation. In the end, the pediatric
orthopedic surgeon must not underestimate any clinical signs, and must act as a pediatrician. This narrative
review summarizes the key points in taking a history and performing a comprehensive clinical examination
for patients with congenital clubfoot; the review also briefly describes the normal foot anatomy and growth
as to give the reader the opportunity to better understand the morphological and functional modifications

secondary to congenital clubfoot.
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Introduction whereas fibrous structures are more resistant and stiffer.

Clinical examination of the newborn’s foot is a complex Within the spectrum of all possible Congenital Talipes

exercise that requires a lot of sensitivity, practice, and deep EquinoVarus (CTVE) or clubfoot conditions, there are

understanding of normal and pathological anatomy. At different degrees of involvement and severity, ranging from
birth, only one third (35%) of the foot is already ossified (1). the stiffest to the softest foot (1-9).
At this stage bones are still cartilaginous, soft and malleable, This narrative review summarizes the key points in
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taking a history and performing a comprehensive clinical
examination for patients with CTVE; the review also
briefly describes the normal foot anatomy and growth as
to give the reader the opportunity to better understand the
morphological and functional modifications secondary to
CTVE.

Within the spectrum of all possible CVTE conditions,
there are different degrees of involvement, from the stiffest
to the softest foot. This review also highlights classifications
are essential to score clubfoot at birth (from the mildest to
the most severe), to rapidly identify those to be treated, and
to assess the impact of treatment objectively.

This narrative review should be intended as a guide for
practitioners dealing with children with CTVE. We present
the following article in accordance with the Narrative
Review reporting checklist (available at http://dx.doi.
org/10.21037/atm-20-7524).

Search strategy

We extensively search on commonly used biomedical
databases, including PubMed, Embase, MEDLINE
(OVID) and Web of Science from the inception of relevant
database to November 2020. We combined subject words
and keywords using Boolean operators to search with no
limitations on year of publication. The following search

» o«

terms were used: “clinical assessment”, “classification”,
“foot”, “children” and “clubfoot”. We used limits of “English
language” and “all children 0-5 years”. According to the
search criteria, two researchers (FC and AD) independently
screened and extracted the data. Disagreements were
resolved by consensus among the authors. All articles
were level IV case series and expert opinion and, hence no
systematic assessment of study quality was performed.

Normal foot

At birth the foot measures between 7 and 10 cm, the
longitudinal arch is often masked by fat pads and the sole
is triangular in shape, wider anteriorly and narrow in the
heel; in particular, the average foot width is about one half
its length and becomes about one third of its length during
adulthood. As a rule of thumb, if the index and middle
finger can be placed along the borders of the foot and
remain in contact with its medial and lateral side, the foot
can be considered to have normal morphology (10).

The feet of the newborn are very flexible and the range
of movement of the different joints is relatively wide. In
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particular, (I) ankle dorsiflexion and plantarflexion can
exceed 55° and 45°, respectively; (II) the subtalar joint has
a broad range of movement (35°), from 20° of inversion to
15° of eversion; (III) the mobility of the toes is significant,
in particular at the level of the first metatarsophalangeal
joint (90° of dorsiflexion and 90° of plantarflexion); (IV)
forefoot adduction is slightly greater than abduction; (V)
the first and the second metatarsals are almost equal in
length and are longer than the remaining three that tend to
adduct 15° to 35°.

The anatomy of normal dorsiflexion

The understanding of the mechanisms that regulate normal
dorsiflexion at the ankle joint is extremely important to
appreciate the abnormalities of the CTVE deformity. As the
foot moves from equino-varus to calcaneo-valgus, dorsiflexion
occurs both at the level of the ankle and of the subtalar joint.
At the level of the ankle, the body of the talus lies posteriorly
and also rotates so that the head of the talus moves laterally
in the mortice. However, due to the morphology of the
talus, the foot can reach a plantigrade position only if the
foot further externally rotates at the level of the subtalar
joint; in particular, the central axis of this movement is
the interosseous talo-calcaneal ligament that plays the
role of “central pivot” similar to the cruciate ligaments
of the knee, as pointed out by several authors (1,11-13).
It may be estimated that for every 10° of dorsiflexion from
the position of equino-varus, there is a 10° of external
rotation of the tibia; the lateral malleolus remains forward
as the foot is progressively dorsiflexed.

Postural clubfoot

At birth, it is important to differentiate between postural
and rigid CTEV in which the deformity is stiff and the
range of movement is limited. The postural clubfoot shows
inversion of the hind foot, adduction and inversion of the
forefoot and the entire foot is plantar flexed at the level of
the ankle. Usually there are neither abnormal skin creases
nor calf atrophy. The deformity is supple and on passive
manipulations it is fully correctible.

Congenital clubfoot

The clinical assessment of a child with CTVE must
be complete and it should not be limited to a simple
orthopedic evaluation of the foot. In particular, before
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starting to examine the foot, it is important to check if the
child has developed normally (developmental milestones),
to rule out a mild form of neurological disease (congenital
myopathy or arthrogryposis), to eliminate a spinal
dysraphism, as well as to carefully examine the face and
hands of the patient. In the end, the pediatric orthopedic
surgeon must not underestimate any clinical signs, and must
act as a pediatrician. A neonatal ultrasound assessment is
recommended to check the medullary axis, the state of the
brain and of the heart as certain affections can be revealed
secondarily.

Feet must be manipulated gently and gradually and
during clinical examination babies must be relaxed;
palpation is an essential step since there is no substitute
for the tactile feeling of an expert’s hand; for example, the
stiffness of the hind foot could suggest a neonatal synostosis,
not visible on plain radiographs.

In newborns with congenital clubfoot, the foot is
generally rigid and ankle range of motion is limited.
Depending on the severity of the clubfoot, the clinical
presentation may vary between relatively soft and reducible,
and stiff and irreducible feet. It must be remembered that
the difficulty with which a clubfoot corrects is not always
directly dependent upon the degree of deformity. It is more
related to the rigidity. Therefore, in order to evaluate the
severity of the deformity objectively, as well as to assess the
outcome of treatment, a classification system is necessary
even though all classifications are necessarily arbitrary (4).

When looking at a CTEV, five basic steps must be
carefully followed by the examiner:

(I) To palpate the heel in order to evaluate whether

the calcaneus is present or not (empty heel);

(II) To assess whether the lateral border of the foot it is
straight or convex (convex lateral border);

(III) To evaluate the reducibility of the foot on all
planes: (i) rotation of the calcaneo-tarsal complex
and forefoot adduction on the horizontal plane; (ii)
ankle dorsiflexion (equinus) on the sagittal plane;
and (iii) hind foot varus on the frontal plane.

(IV) To test the tonicity of the muscles. Muscle testing
for motor strength is difficult to perform in a new-
born. However, because ruling out neuromuscular
non-idiopathic clubfoot is important, a muscle test
should be performed even though it is difficult
to be performed; he quality and the activity of
the muscles are decisive factors for deformity
progression.

(V) To test the other joints. Hips, knees, elbows,
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shoulders have to be examined to rule out
subluxation, dislocation or deformity.

In order correctly evaluate the deformities of the hind
foot and forefoot, it is of outmost importance to correctly
orientate the tibia, with respect to the position of the tibial
tubercule and the medial and lateral malleolus. Having
oriented the tibia, the position of the head of the talus
and the alignment of the calcaneus and its orientation, the
position of the forefoot in relationship to the hind foot can
be assessed and evaluated. It is important to remember that
recurvatum of the knee can mask equinus while external
rotation of the leg can mask forefoot adduction.

In patients with CTVE, the forefoot and midfoot are
inverted and adducted with the navicular bone tethered
to the medial malleolus. The foot appears convex on the
lateral side and concave on the medial one (medial crease);
the big toe appears shortened because of the adduction and
inversion deformity of the medial column of the foot. The
hindfoot is in varus and heel is drawn up by a retracted
Achille’s tendon (equinus) and a deep crease is usually
present on the posterior aspect of the ankle joint (posterior
crease). The skin on the lateral aspect of the foot in front of
the lateral malleolus is thin, with a prominent body of the
talus under it. Moderate to severe calf atrophy is generally
present although when significant is a pejorative criterion.

Dorsalis pedis and tibial artery pulses are usually present
but vascular dysgenesis is possible, so it is important to
assess circulation of the foot and ankle.

At the end of this detailed clinical assessment, the
examiner should be able to identify and differentiate the
following key clinical findings:

% Short and fat (chubby) foot versus long and thin

foot;

% Reducibility of the foot <50% versus >50%;

% Lack of dorsal flexion and severity of the equinus
(>20%);

% Absence versus presence of creases (posterior, medial
and/or plantar);

% Severity of the atrophy of the calf muscles;

% Reactivity of the peroneal muscles.

Clubfoot classification systems

Within the spectrum of all possible CVTE conditions,
there are different degrees of involvement, from the stiffest
to the softest foot. Although arbitrary, classifications are
essential to score clubfoot at birth (from the mildest to the
most severe), to rapidly identify those to be treated, and
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to assess the impact of treatment objectively. In particular,
classification systems must be simple, easy to teach, and
consistently repeatable by different examiners.

Several classification systems have been developed during
the past five decades or so. However, the most commonly
used clinical classification systems are those described by
Ponseti and Smoley, Manes ez 4/., Harrold and Walker,
Catterall, Goldner and Fitch, Dimeglio et 4/. and Pirani; the
International Clubfoot Study Group (ICSG) classification,
introduced by Bensahel in 2003, and the Carroll’s grading
system evaluate the outcome of treatment (13-18).

The most frequently used clinical systems to evaluate
clubfoot severity at birth are the Dimeglio er a/.
classification system and the Pirani score.

Several studies have evaluated the interobserver and
intraobserver reliability of different classification systems;
Wainwright et a/. studied the reliability of four clinical
classification systems—those described by Catterall,
Dimeglio et al., Harrold and Walker, and Ponseti and
Smoley, and found the system of Dimeglio ez 4/., the most
reliable of the four (5). In addition, Flynn et al. (6) and
Celebi et al. (7) have shown that after an initial learning
curve Dimeglio et 4l.’s grading system, Pirani’s score and
ICSG classification system have good interobserver and
intraobserver reliability.

Dimeglio et al. classification system [1995]

According to Dimeglio et al., at birth CTVE can be divided
into four categories, according to the severity of the
deformity (4,19,20). In particular, in order to obtain the final
score (from 0 to 20), each of the following parameters is
scored from 1 (completely reducible) to 4 (non-reducible) (4):

(I) Forefoot adduction (up to 4 points): one point is
given if forefoot adduction can be fully corrected
and it reaches +20° of abduction, two if neutral
position (0°) can be achieved, three points if
forefoot adduction cannot be corrected and it stops
at -20° from neutral position, and four points if
forefoot adduction is blocked at around -45°.

(II) Internal rotation of the calcaneo-tarsal complex (up
to 4 points): one point is given if the calcaneo-tarsal
complex can be externally rotated up to +20°, two
points if it can reach the neutral position (0°), three
points if the calcaneo-tarsal complex cannot be
externally rotated and it stops at -20° from neutral
position, and four points if internal rotation does
not exceed -45°.
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(IIT) Varus of the hind foot (up to 4 points): one point
is given if hind foot can reach +20° of valgus, two
points if neutral position ca be reached, three points
if the hind foot varus cannot be fully corrected and
-20° of varus remains, and four points if hindfoot
varus cannot be corrected above -45°;

(IV) Equinus (up to 4 points): one point is attributed
if ankle dorsal flexion reaches +20°, two points if
neutral position (0°) can be reached, three points if
ankle dorsal flexion is around -20°, and four points
if equinus cannot be corrected above -45°;

All these parameters must be assessed without forcing
the foot, and a small goniometer can be used to measure all
angles precisely, before and after the reduction maneuver.

Four pejorative points can then be added to the score of
the four main parameters as to obtain a total score out of 20
points maximum: (I) one point is added if a medial crease
is present; (II) one point is added if a posterior crease is
present; (III) one point is added in the foot has cavus; and
(IV) one point is added if the infant has hypertonia, muscle
weakness or short chubby foot.

The Diméglio er al. classification system allows the
treating surgeon to identify four categories of CTVE, and
to predict the outcome (4):

(I)  Score <5/20 points: soft-soft or postural feet. These
feet that can be completely reduced. Any treatment
can correct the deformity and it is exceptional that
these feet become stiff.

(II) Score 6-10 points: soft-stiff or moderate feet.
These feet are partially resistant, and can be
reduced (>50% of reduction). Orthopedic
treatment is generally effective and extensive
surgery is avoided in more than 90% of cases.

(III) Score 11-15 points: stiff-soft or severe feet. These
feet can be partially reduced (<50% of reduction)
and are generally resistant. Orthopedic treatment
is effective in about 50% of cases and surgery is
performed in cases not responding to conservative
treatment.

(IV) Score >16 points: stiff-stiff feet. These feet are
generally stiff and reduction, if any, is extremely
limited. About 30% of these feet are not idiopathic
and extensive surgery is needed in about 65% of
cases.

The Diméglio er al. classification system is simple,
reproducible and reliable. It permits to assess the
effectiveness of the orthopaedic treatment day by day
during the first 6 months of life, and it allows for reliable
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comparisons between study populations that use various
treatment techniques.

Pirani score [1995]

The Pirani Score is a simple and reliable system to
determine severity and treatment progress in children with
CTVE. The Pirani score works by assessing six clinical
signs of contracture, 0 (no deformity), 0.5 (moderate
deformity) or 1 (severe deformity). In particular, three signs
are in the midfoot and three in the hind foot.

The mid foot signs are: medial crease (several fine creases
are 0; 2 to 3 mild creases are 0.5; one deep crease is 1),
curved lateral border (straight is 0; deviation at the level
of the metatarsals is 0.5; deviation at the calcaneo-cuboid
joint is 1) and lateral head of talus (completely mobile is 0;
partially mobile is 0.5; fixed is 1).

The hind foot signs are: posterior crease (several fine
creases are 0; 2 to 3 mild creases are 0.5; one deep crease
is 1), empty heel (calcaneus easily palpable is 0; palpable but
deep is 0.5; not palpable is 1) and rigid equinus (dorsiflexion
possible is 0; dorsiflexion reaches neutral position is 0.5;
rigid equinus is 1).

The Pirani score has been shown to be easy to use,
reliable to determine severity and monitor progress in
the treatment of clubfoot, and with good interobserver
reliability. In addition, Dyer ez 4/. (14) and Mejabi et al. (15)
reported there is significant positive correlation between
the initial Pirani score and number of casts required to
correct the clubfoot deformity. In addition, Mejabi ez al.
also showed a correlation between the Pirani score and the
need for Achilles tenotomy exists (15).

Goldner and Fitch classification [1994]

Goldner and Fitch classification system of CTEV deformity
provides an index of severity that can be used as a guide
to treatment. The system includes eight clinical and two
radiographic parameters.

Clinical items are: (I) skin, ligaments, creases, elasticity;
(I) calf size, ease of cast application; (III) muscles activity;
(IV) position of the head of the talus; (V) tibial-navicular
interval; (VI) foot alignment with ankle joint; (VII) equinus;
(VIII) cavus.

Radiographic items are: (I) evaluation of hind foot
(position of the talus and of the calcaneus as well as their
relationship; (II) abduction and adduction, spurious
correction of forefoot.
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Each parameter is rated as absent (0 points), mild (1, 2
or 3 points according to the severity), moderate (2, 4 or 6
points) e or severe (3, 6 or 9 points); the total score gives

the severity of the CTVE deformity.

Catterall classification [1991]

The Catterall’s system for the classification of CVTE assess
nine clinical signs of contracture to identify four patterns
of deformity: resolving pattern, tendon contracture, joint
contracture and false correction. In particular, five signs are
in the hind foot and four in the hind foot.

The hind foot signs are: lateral malleolus (mobile or
posterior), equinus (yes or no), medial crease (yes or no),
posterior crease (yes or no) and anterior crease (yes or no).

The forefoot signs are lateral border (straight or curved),
mobility (yes or no), foot cavus (yes or no) and supination
(yes or no).

Harrold and Walker classification [1983]

The system of Harrold and Walker for the classification
of CVTE is based on the ability to correct the deformity
and identifies three types of deformity: mild, moderate and
severe.

According to Harrold and Walker mild clubfoot
deformity (grade 1) can be corrected at or beyond neutral
position, moderate clubfoot deformity (grade 2) has less
than 20° of residual varus and equinus, and severe deformity
(grade 3) has more than 20° of residual varus and equinus.

Manes, Costa and Innao classification system [1975]

The Manes, Costa and Innao classification system assesses
the severity of the CVTE deformity exclusively on the
sagittal plane and it identifies three degrees of severity: grade
I, the deformity is mild and completely reducible; grade II,
the deformity is moderate and partially reducible; grade III,
the deformity is severe and not reducible (stiff) (16).

Pounseti and Smoley classification [1963]

The classification system of Ponseti and Smoley is based on
four clinical parameters: ankle dorsiflexion (absent, 0° to 10°
or >10°), heel varus (0° to 10°, 10° to 20° or rigid, >20°),
forefoot adduction (0° to 10°, 10° to 20° or rigid, >20°), and
tibial torsion (absent, moderate and severe). Feet can be
classified on the basis of these measurements as either good,
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acceptable or poor.

According to the original article of Ponseti and Smoley,
acceptable and poor cutoffs for each parameter were as
follow: dorsiflexion of the ankle of more than 10 degrees
with the knee in extension and complete correction of heel
varus, forefoot adduction and tibial torsion; in particular,
good outcome should be expected in more than 70% of
cases (19).

Clubfoot evaluation during growth

CTVE is a congenital (in utero) deformity. Although
treatment can successfully correct the deformity, the
affected foot will never be completely normal as a CTVE
remains a CTVE throughout life. In particular, the affected
foot is shorter, the calf is smaller and range of monition is
reduced compared to the contralateral one; while CTVE
is usually described as a defect of the foot, the musculature
between the knee and the ankle is affected to some degree,
and the size difference between affected and not affected
side persists for the whole life. This is a crucial and realistic
point that has to be discussed with the family, before any
treatment is started.

A regular and objective clinical assessment is necessary
to assess the evolution of the correction obtained with the
initial treatment; spacing appointments every one to two
years should therefore be avoided (20).

The clinical assessment of the foot during growth should
evaluate the overall shape of the foot (straight or ‘bean
shaped’), the presence of any deformity at the level of the
hind foot (varus or valgus) and forefoot (adduction), the
mobility of the subtalar joint, the plantar and dorsal flexion
of the ankle, the atrophy of the calf and the anatomical axis
of the lower limb.

The functional assessment should evaluate the capacity
of the patient to toe and heel walk, to walk down the stairs,
to stand on one leg, to jump a rope, to walk on uneven
terrain, and the type and severity of gait abnormality, if any.
It is important to rule out the presence of a recurvatum
knee which can mask a residual equinus, a weakness of the
triceps surae which is always detrimental, and a weakness of
the flexors of the toes.

The radiographic assessment plays an essential role
in the evaluation of CTVE. In particular, the divergence
between the talus and the calcaneus on antero-posterior and
lateral view should be evaluated as well as the morphology
of the bones, particularly a crushing of the head of talus
(flattening), or a subluxation of the navicular bone which is
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always a pejorative factor. The ossification of the navicular
bone, around the age of 5 years, allows a more precise
evaluation of the foot. The evaluation should be repeated
at the age of 10 years. This comprehensive clinical and
radiographic assessment performed at age 5 and 10 years
help to objectively evaluate the outcome (and change
opinion on some good results); in fact, the limited mobility
of these feet can be striking: even if the plantar and dorsal
flexion is correct, the limitations to prono-supination are
much more frequent than is commonly believed. A clubfoot
is always highly disabling; only 50% of children are able to
correctly walk on tiptoes, especially after extensive surgery.

Gait analysis and plantar pressure measurements

Gait analysis can provide accurate measurements of foot
kinematics and kinetics during the gait cycle of patients with
CTVE (21,22) while plantar pressure measurements can
provide objective data foot contact and foot loading during
the roll over process (23,24).

Several gait analysis studies have evaluated children
with successfully treated CTVE as well as children with
recurrent deformity; in particular, gait analysis can assess
intoeing gait, internal tibial torsion, knee hyperextension,
and drop foot during gait and it can objectively evaluate the
effect of surgery on temporal, spatial, kinematic and kinetic
parameters of the foot and ankle (21,22).

Plantar pressure measurements provide detailed
information about the whole foot contact and loading in
various foot regions during the roll over process, as well
as the metatarsal landing sequence. In particular, pressure
measurements analyze the force across a defined surface
of the foot and can provide several parameters of interest
such as peak pressure, contact area, contact time, and
maximum force, and can be recorded for barefoot or in-
shoe patterns (23,24).

Carroll system for evaluating the outcome of CTVE
treatment

The system developed by Norris Carroll is based on a 20
points grading scale. The system takes into account 20
parameters, ranging from calf circumference to the ability
of patients to walk on heels or toes. The ability to do a
given activity (i.e., walk on toes) or anatomical parameters
close to normal (i.e., less than 0.5 cm leg length discrepancy
between clubfoot and contralateral side) are rated 1 point
while abnormal parameters/inability to perform adequately

Ann Transl Med 2021;9(13):1097 | http://dx.doi.org/10.21037/atm-20-7524



Annals of Translational Medicine, Vol 9, No 13 July 2021

a given activity are scored 0 point. A perfectly normal foot
would score 20 points. A foot that scores 5 points or less
may require further treatment, including surgery (17,18,21).

Conclusions

In conclusion, the clinical examination of the CTVE
deformity and its evaluation are not always an easy task.
The following points should be remembered:

% A meticulous and repetitive clinical examination
is essential before any attempt to classify a CTVE
deformity;

% Classifications help to predict the outcome of the
conservative treatment, to monitor the evolution of
treatment, and to estimate the surgical risk;

% Regardless of the classification system used, it
is essential to distinguish between postural feet,
moderate, severe or very sever feet.
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