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Intoeing gaitin children

YH Li, JCY Leong

Objective. To review the aetiology and management of intoeing.

Data sourcesMedlineand nonMedlineliterature search, and personal experience.

Study selection.Studies that provided evidence-based information about the aetiology and management of
paediatric intoeing gait were selected.

Data extraction. Data were extracted and reviewed independently by both authors.

Data synthesisAn intoeing gait affects many children and, as with flexible flatfoot, bowleg, and knock-knee,

it falls into the category of physiological problems that occur in normal children. The usual causes are excessive
femoral anteversion, internal tibial torsion, and metatarsus adductus. Management is based on understanding the
causes and the natural course of the condition and the effectiveness of various treatment modalities. Unfortunately,
due to a poor understanding of the condition, intoeing is commonly overtreated with braces or special footwear.
Conclusions.Intoeing is one of the most common conditions encountered in paediatric orthopaedic practice. It

is important to make an early diagnosis of pathological causes of intoeing such as cerebral palsy and develop-
mental dysplasia of the hips so that treatment can be commenced as soon as possible.
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Terminology demonstrate torsion. Tibial version or torsion is the
angle measured between the transmalleolar axis and
Rotation refers to the twist of the femur or the tibithe bicondylar axis of the proximal tibia at the knee.
about the long axis of each bone. Rotation that is nor-
mal in direction and magnitude is defined as ‘versioThe embryology of lower-extremity version
and that which is abnormal is termed ‘torsion’. Further-
more, ‘normal’ is defined as plus or minus two standar basic knowledge of the embryological and foetal
deviations from the mean. development of the musculoskeletal system is import-
ant in the understanding of lower-extremity version.
Rotation of a bone is determined by the angl€he lower-extremity limb buds first appear as paddle-
between reference axes at the proximal and distal erstieped buds during the fifth to sixth weeks of gesta-
of each bone. Rotation of the femur, for instance, t®n. The early limb bud continues its formation by
the angle between the axis of the head/neck and the migration and proliferation of the differentiating
axis of the distal condyles at the most posterior pointsiesenchymal tissues. By the end of the sixth week,
If the angle between the proximal and distal axes fise limb buds have flattened and formed terminal hand
positive, the femur is ‘anteverted'. If the angle betweesnd foot plates and the early external form of the
the proximal and the distal axes is negative, the femlimb. At approximately 7 weeks, the longitudinal axes
is ‘retroverted’. If the angle is greater than two stanaf the upper and lower limb buds are parallel. The
ard deviations from the mean, then the femur wiire-axial components face dorsally and the post-axial
borders face ventrally. In this period, the position of
Duchess of Kent Children’s Hospital, 12 Sandy Bay Road, Sandy the limb buds relative to the trunk change in a pre-
Bay, Hong Kong determined manner not related to muscle activity or
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moulding of the lower limbs of the foetus takeghe child’s present problem or fear that the current
place, causing the femurs to rotate externally and theoblem will persist and cause some long-term
tibiae to do so internalR? disability such as arthrifi€ or make it difficult for the
child to participate in sports or function normally?

Femoral anteversion at birth is about 30 tG.40Enquire about any family history of rotational prob-
Because of the common intrauterine position of hilems. Take a developmental history and ask about
external rotation, the infant appears on examination tiee nature of the disability such as tripping or falling.
have more hip external rotation than internal rotatiofrind out if the child prefers to sit on the floor in the
This soft tissue external hip rotation contractur8V’ or reversed tailor position.
decreases over the first year of life and the increased
hip internal rotation expected from the femoralhe physical examination
anteversion starts to become apparent. There isAhen evaluating a patient with a rotational abnormal-
gradual decrease in femoral anteversion from 30%o 4y, begin by assessing the rotational profile. This
at birth to the value of 10 to 1By early adolescence, allows one to measure the severity of the rotational
with most of this improvement occurring before 8 yeansroblem. The rotational profile provides the informa-
of age® tion needed to establish a diagnosis and to quantify

the severity of the rotational problem present.

In a computed tomography (CT) study of tibial
torsion in the growing fetus, it was found that there Firstly, inspect the patient standing from the front.
was an increase in external tibial torsion in the earbyhen excessive femoral anteversion exists, the patel-
stages of foetal life but that this gradually decreasdae face each other medially. Secondly, ask the child
so that in the newborn, the tibial torsion was internaio walk towards you and estimate the foot-progression
After birth, the tibia rotates externally and the averagengle (FPA)—the angular difference between the long

version of the tibia at skeletal maturity is°®5 axis of the foot and the line of progression. Intoeing is
denoted by a minus sign and out-toeing by a plus
Causes of an intoeing gait sign. In a normal child, the FPA is +1@ith a range

from -3 to +20. Thirdly, examine the child prone with
In the infant, the most common cause is metatarstige knees flexed 90To determine the amount of hip
adductus. With this condition, the entire forefoot isotation, allow both hips to fall into maximum inter-
adducted at the tarsometatarsal level but the hindfawl and external rotation. The legs should be allowed
is in its normal position. When present in the secortd fall by gravity alone—do not use force. The amount
year of life, intoeing is commonly due to internabf internal and external rotation of the hip should
tibial torsion. After 3 years of age, this problem isiormally be similar and the total arc should be about
usually due to excessive femoral anteversion. Wher98°. Medial rotation more than 7@uggests a diagno-
child toes-in severely, a combination of causes showts of excessive femoral anteversion. It is considered
be suspected. mild if the degree of internal rotation is 70 td &hd

the external rotation is 10 to 20noderate if internal

Sometimes a rotational problem is a manifestatiaotation is 80 to 90and lateral rotation is 0 to 20

of an underlying disorder such as cerebral palsy aadd severe if the internal rotation of the hip is greater
hip dysplasia. Before focusing on the rotationahan 90 with no external rotation (Fig 1).
problem, a physician must check that the rest of the
musculoskeletal system is normal. Any clinical find- To determine the degree of tibial rotation, the thigh-
ings such as abnormal muscle tone, gait abnormalifgot angle or the transmalleolar angle needs to be
limitation of hip abduction, and leg length discrepancgstimated. The thigh-foot angle is the angular differ-

should prompt a more intensive evaluation. ence between the axis of the foot and the axis of the
thigh when the patient is in the prone position with

Performing an evaluation the knees flexed 9@&nd the foot and ankle in neutral
position. A negative value is given when the tibia is

Taking a history rotated internally (internal tibial torsion) and a posi-

Intoeing is extremely common in infants and childretive value given when the tibia is rotated externally
and is a frequent cause of anxiety in parents. It (external tibial torsion). In the infant, the thigh-foot
important to identify the reason for the consultatioangle is internal (negative) but it becomes progressively
and what the parents’ concerns are; the parentxternal (positive) with increasing age. During child-
concerns must be taken seriously. In addition, is libod, the mean thigh-foot angle is +1Gth a range
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Fig 2. A negative thigh-foot angle in a patient with internal
tibial torsion

The normal angle is about +10 to +1f this patient, the angle is
-20°

Imaging techniques used

A physical examination usually provides sufficient
information to formulate a treatment plan and further
imaging is usually not required. There are, however, a
number of imaging methods that can assess the
amount of torsional deformity present in the bone.
Imaging may need to be used in patients with hip
Fig 1. Hip rotation in the prone position in a patient with dyspla5|a or cer_ebral palsy, or when Slgmﬂcant
excessive femoral anteversion rotational deformity does not resolve and corrective

Normally, the internal and external rotation angles are more surgery is needed.
less the same (40-50 In this patient, there is (1a) an increase in

internal rotation to 70and (1b) a decrease in external rotation t?—"l in X
20° ain X-ray

On an anteroposterior pelvis X-ray, an apparent coxa
of -5 to +30 (Fig 2). If the foot is deformed, the valgus is shown due to femoral anteversion. To meas-
thigh-foot angle cannot be used. Instead, the trange the femoral anteversion, many radiographic tech-
malleolar axis-thigh angle is used. The transmalleolaiques have been reported but most require the use
axis is a line across the sole of the foot connectiraf special positioning techniques or conversion tdbles
the centers of the medial and lateral malleoli. A rigland so are not useful in clinical practice. The main
angle to this line is compared with the axis of thpurpose of taking a plain X-ray in these patients is to
thigh to provide the angle. rule out hip dysplasia. Radiographs of the tibia are not

helpful in assessing tibial torsion.

Finally, the shape and direction of the sole of the
foot should be determined. The deformity can biEluoroscopy
assessed by projecting the bisector line of the heelRluoroscopy can help to quantitate the degree of fem-
the forefoot to quantitate forefoot adduction. In theral anteversion. The hip is rotated under fluoroscopy
normal foot, this line projects between the seconehtil a true AP view of the hip is obtained. The amount
and third toes. In metatarsus adductus or in clubfoat, internal rotation of the leg in that position is the
the line projects toward the lateral toes. femoral anteversiot?.
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When evaluating the foot, the flexibility must be
assessed. The deformity can be classified depending
on the flexibility on passive correction. The foot is
considered normal if the heel bisector line passes
between the second and third toes. The deformity is
classified as mild, moderate, or severe if the bisector
passes through the third toe, the third and fourth web
space, or the fourth and fifth web space, respectively.

AIGHT

Most children who have metatarsus adductus at
birth do not require treatment. If the child has a mod-
erate or severe deformity that is not passively correct-
able, casting or manipulation and taping is needed.
It is prudent to wait until the child is older than 6
months before beginning casting or manipulation
and taping because many feet correct spontaneously.
Surgical treatment is only needed in the few cases
of rigid and severe deformity that do not respond to
conservative treatment. The usual indications are re-

1z amgle B

L R sidual metatarsus adductus in a child older than 3 to 4
years. Extensive tarsometatarsal capsulotéfmaee
Fig 3. Computed tomography scan showing the done on the younger child, and multiple metatarsal
femoral neck and the bicondylar axis of the distal osteotomies are performed on the older child.

femur overlapping each other
Excessive femoral anteversion is present and measut€ad6

mal adult value is approximately 95 Internal tibial torsion

Computed tomography Children with internal tibial torsion walk with a pigeon-
Computed tomography is the bestimaging technique ftmed or intoed gait. This is most common in children
evaluating femoral anteversion. It should only be usedetween the ages of 1 and 2 years. Involvement is
however, when diagnosing a complex hip deformity aften bilateral; in unilateral cases, the left side is more
when a rotational osteotomy is being contemplatedften involved. When the patellae are facing straight
The angle formed by the bicondylar axis and a line dprward, the feet point inward. In the prone position,
the femoral neck represents the amount of femorte thigh-foot angle is negative.

anteversion (Fig 3)-*2 Although CT scanning can be

used to make a tibial rotation assessment, clinical The natural course of internal tibial torsion is

evaluation is generally sufficient. spontaneous correction with growthThe affected
child may trip and fall more easily but spontaneous
Ultrasonography resolution is rapid in early childhood and there

Ultrasonography can be used to measure the amoshbuld be no residual disability. Clinical studies sug-
of femoral or tibial torsion but this method is knowrgest that non-operative treatment of tibial torsion is

to not be as accurate as using a CT $&dn. ineffective®2 Consequently, any treatment of tibial
torsion in the infant or child is both unnecessary and
Metatarsus adductus may even be harmful.

In a child with metatarsus adductus (sometimdsxcessive femoral anteversion

called metatarsus varus), the forefoot is adducted and

the lateral border of the foot is convex. The medidxcessive femoral anteversion usually presents as a
border is concave and a deep crease may be preseatise of intoeing at 3 to 4 years of age. It is present at
Normally, a line bisecting the heel should traverse tharth but is masked by the lateral rotation contracture
space between the second and third toes. In patieafghe hip. Intoeing due to excessive femoral antever-
with metatarsus adductus, the line will be directesion increases up to 5 to 6 years of age and then grad-
to the lateral toes. This deformity is differentiatedially decreases. It is more common in females, is
from clubfoot in that the heel is not in an equinovaruamilial, and is often symmetrical. When the child is
position. standing, the patellae and knees are turned inward
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the child prefers to sit in the ‘W’ or reversed tailomedial arch supports, can modify the pattern of shoe
position. The FPA is negative and the child may triprear but do not change the FPA. These minor shoe
and fall easily because of crossing over of the feadjustments do not influence derotation of the femur
When the patient is in the prone position, there @ tibia.

excessive internal rotation of the hips (as much &8s 90

and restriction of external rotation of the hip§ i{® Intoeing causes secondary deformities of the

severe cases). As the child gets older, compensatspine, hip, and knee

external rotation of the tibia may develop. ThisThere is no evidence that intoeing can cause osteo-
combination of excessive femoral anteversion aratthritis or back paift®2'-22 Because runners often
extenal tibial torsion will give rise to a torsional mal-demonstrate intoeing, some claim that a mild degree
alignment syndrome causing an increase in the @ intoeing may actually be beneficial. It is possible
angle, patellofemoral joint instability, and anteriothat mild intoeing facilitates running by placing the
knee pain. toes in an optimal position to assist in ankle push#off.

There has been speculation that excessive femokaght splints can correct tibial and femoral
anteversion may cause degenerative arthritis of the hiprsional deformities
however, it has recently been demonstrated that thifNght splints are not useful in remedying excessive

not true?!-24 femoral anteversion. For internal tibial torsion, some
clinicians claim success in using the Dennis-Brown
Treatment of affected children splint but there has been no scientific proof of its

usefulness. In the rabbit tibial model, lateral rotation
The most important job of the physician is to establidborces have been shown to lead to angulation of the
a correct diagnosis and to reassure the parents effeehs within the zone of hypertrophy of the physis, but
ively. The management of paediatric intoeing gait iso cortical remodelling occuf8.In a similar rabbit

illustrated in the flow chart (Fig 4). model, lateral rotation splinting changes the static
foot angle but does not change bone rotation, which

Common misconceptions indicates that the ‘correction’ achieved occurs primar-

Shoes correct intoeing ily through the ankle joint, thus potentially damaging

Shoe modifications, such as heel and sole wedgestloe ankle joint®

Intoeing

Screening examination to rule out hip dysplasia, cerebral palsy, etc

Rotational profile
| >70° Internal rotation of the hip | | Negative thigh-foot angle | Curved foot

| Excessive femoral anteversion | | Internal tibial torsion | | Metatarsus adductus |
! ! ! !
| Age 0-8 years | | Age >8 years | | Age 0-5 years | | Age >5 years |
! ! ! ! !
b d ild b isabli [ Yes |
Observe Ssi\ét;rs"ig m,\glderta?ce | Observe | | Severe and disabling | | Yes | EIEI

|Age 0-8 months | | Age >8 months |

|

Rotational Rotational Cast Cast

osteotomy Observe osteotomy Observe correction correction

Fig 4. Management flow chart to be followed when treating a child with an intoeing gait
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Non-surgical treatment staple fixation with a long leg plaster cast in place
A careful evaluation of the child is essential and aftdor 6 to 8 week$d’ Proximal intertrochanteric or sub-
ruling out serious pathology, an effort must be madeochanteric osteotomy with blade-plate fixation is
to establish what concerns the parents have. Thdvocated by some to avoid cast immobilisation in
natural course of intoeing should be outlined anthe older child and teenager (Fig?5An alternative
the common misconceptions surrounding intoeinig closed femoral derotation osteotomy and femoral
explained. Reassurance should be given that the chiddramedullary nailing, which allows the quickest
will be followed up regularly and carefully. return to weight-bearing walking without the use of
a case®
Intoeing due to excessive femoral anteversion and
internal tibial torsion should not be treated with nigh€onclusion
splints, twister cables, orthotics, or special shoes.
These methods will not alter the natural course of thesg#oeing is common in infants and children. The
conditions. condition causes concern in parents and sometimes
produces minor functional problems in children such
Surgical treatment as frequent tripping. The parents’ concerns must be
Derotation osteotomy is the surgical treatment déken seriously. The child must be evaluated carefully
choice for children with severe and persistent rotationahd an accurate diagnosis made. Giving reassurance
problems. An adequate number of years must passthe parents is important. Most patients can be
to make sure that the rotational deformities will notreated by observation alone and osteotomy is needed
resolve naturally (Fig 4). Surgery should not be peonly rarely in the occasional patient with severe
formed for a very young child. In general, tibialdeformities that do not resolve with time.
derotation osteotomy is seldom needed before age 5
years, and femoral derotation osteotomy should npteferences
be done before 8 years.
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