
ORTHOPAEDICS

Musculoskeletal symptoms in children are a common 
presentation in primary care.1, 2 Parents are often concerned 
about the appearance of their child’s legs or their gait and 

general practitioners might have some difficulty in reassuring 
them. A number of referrals to orthopaedic clinics can be classified 
as physiological variants of growth2 which do not need any 
operative intervention.3 The aim of this review is to aid clinicians in 
identifying these normal variants and any abnormal characteristics 
which are indicative of an underlying pathological condition.

A. NORMAL PHYSIOLOGICAL VARIANTS
The most common variants of the lower limbs can be categorized 
into angular deformities, rotational deformities and flexible 
pes planovalgus. 

1. Angular Deformities 
Genu varum (‘bow legs’) and genu valgum (‘knock knees’), the 
most frequently encountered angular deformities, refer to the 
tibiofemoral angle in the coronal plane, which can be evaluated 
by measuring the intercondylar and intermalleolar distances (Fig 
1). Physiological variants tend to be symmetrical and painless. 
Normally, up to the age of 18 months and as the child begins to 
walk, genu varum (mean 15 degrees) can be noted. The normal 
tibial torsion frequently seen in this age group further exacerbates 
this manifestation and therefore, referral for genu varum is most 
common in the 10-14 month age group. As the child grows, the 
knees tend to go into a valgus position (mean 12 degrees) which, 
after 7 years of age, gradually corrects itself to the normal 7-8 
degrees of valgus seen in adults.4 Consequently, referral for genu 
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Fig 1 a. Genu varum- white line represents the intercondylar distance.6 
b. Genu valgum- white line represents the intermalleolar distance.7

valgum generally occurs at 3-4 years of age. One must keep in mind 
that the normal physiological genu valgum may be exacerbated by 
flatfeet, ligamentous laxity and obesity.5 Alarm symptoms include 
pain, asymmetry, progression, unilaterality or association with other 
deformities e.g. short stature. Genu varum over the age of 2 years is 
a red flag and requires specialist referral to exclude an underlying 
pathological condition such as Rickets or Blount’s disease. 

Presentations for painless genu varum also peak in adolescents 
participating in high impact sports such as football or rugby. 
The reason for this is suspected to be the result of high sporting 
demands on the developing skeleton.2 There is currently no 
concrete guidance which can be given to these individuals; however, 
if associated with pain, further investigations are necessary to 
exclude any co- existing pathology e.g. meniscal tears. 
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2. Rotational Deformities 
The most common presentation for rotational deformities is 
an in- or out-toeing gait. Although foot position is the most 
noticeable symptom, the hips and tibias also contribute to the 
rotational profile of a child. Despite being a common concern, 
only 0.1% of these deformities persist and are severe enough to 
require operative intervention.8

2.1 In-toeing Gait 
The commonest causes of an in-toeing gait are the following:

i. Internal Tibial Torsion
Internal tibial torsion is the most frequent cause for in- toeing 
between 1-3 years of age. It is often bilateral and resolves 
spontaneously by the age of 6 years. It is also thought to be 
the result of intrauterine positioning.8,9 Parents present with 
concerns of a clumsy gait and frequent falls, and examination 
when prone reveals an increased thigh foot angle (Fig. 2).8 
Normal thigh foot angles vary from a mean of 5 degrees internal 
rotation in infants to 10 degrees external rotation from the 
age of 8 years.9 Pathological or physiological genu varum may 
be present and 33% of cases, are associated with metatarsus 
adductus.8 Most cases are treated conservatively but if functional 
problems with severe deformity persist beyond the age of 6-8 
years, operative intervention may be considered.9 

ii. Increased Femoral Anteversion
Femoral anteversion refers to the angle created between the femoral 
neck axis and the transcondylar axis of the knee2 (Fig. 3). At birth, 
30-40 degrees of femoral anteversion is normally present, which 
gradually decreases with growth to the normal 16 degrees in adults. 
Generally children with increased femoral anteversion present 
at 4-6 years of age, with an in-toeing gait, frequent falls and an 
eggbeater pattern when running.2, 11 They sit most comfortably in a 
‘W’ position2, 11 (Fig. 4). It is often bilateral (a unilateral abnormality 
should be of concern), hereditary and is twice as common in girls. 
It is associated with other packaging disorders e.g. internal tibial 
torsion, and usually resolves spontaneously by the age of 10 years. 
Examination reveals increased hip internal rotation to >70degrees 
and decreased external rotation to <20degrees when prone (normal 
internal rotation is 20-60 degrees and external rotation is 30-60 
degrees).11 80% of cases are treated conservatively and parents 
can be reassured that there is no increased future risk of hip/knee 
osteoarthritis or impaired function.2 Orthotic devices/physiotherapy 
do not alter its progression.2, 11 If <10 degrees of external rotation is 
observed in the older child11 or if persistent into teenage years with 
resultant cosmetic concerns, a corrective osteotomy may be offered.2 

Fig. 2. Thigh foot angle. With a neutrally placed 
patella, the foot on the left is internally rotated, 
therefore increasing the thigh foot angle. 
The right leg has a normal thigh foot angle.10

Fig. 3. Femoral anteversion11

Fig. 4. ‘W’ position in a child with increased femoral anteversion12

Metatarsus adductus (‘banana foot’) is one of the most 
frequently encountered congenital foot defects,8 characterized 
by a curved lateral foot border secondary to an adducted 
forefoot (at the tarsometatarsal joints) and a normally aligned 
hindfoot (Fig. 5a). It is unilateral in 50% of cases and may be 
seen in cases of oligohydramnios, first and late pregnancies and 
twin pregnancies. In 95% of cases, it resolves spontaneously 
by the age of 4 years. Examination reveals a heel bisector line 
which passes beyond the 2nd webspace (Fig. 5b) and a crease in 
the medial border may be seen in the rigid variant. The latter 
is associated with developmental dysplasia of the hip2 and 
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Fig. 7. Foot progression angle. Normal values are -5 degrees to +20 degrees, 
in-toeing > -5 degrees, out-toeing >20 degrees.17,18

2.2 Out-toeing Gait
Up to 2 years of age, an out- toeing gait may be noticed.8 Above this 
age group, out- toeing may be due to external tibial torsion or less 
commonly femoral retroversion, especially in obese children. If 
unilateral and in older children, Perthes’ disease or slipped capital 
femoral epiphysis should be excluded.2 Unlike internal tibial torsion, 
external tibial torsion worsens with skeletal maturity as the leg 
normally externally rotates with growth and may therefore result in 
long-term disability. It is more commonly seen in adolescent girls 
with anterior knee pain or patellar instability due to patellofemoral 
malalignment. Although first line treatment is conservative, tibial or 
femoral derotational osteotomies may be necessary.15 

3. Flexible Pes Planovalgus (Flexible Flatfoot)
90% of musculoskeletal presentations in children concern flat feet. 
All neonates and toddlers have flat feet due to a fat pad beneath 
the medial longitudinal arch of the foot, lack of neuromuscular 
control and ligamentous laxity.2 It usually resolves spontaneously 
by 4-8 years.16 Although asymptomatic, presentation is often due 
to parental concern about the appearance of the foot or the fear of 
pain or long-term disability. It is commonly associated with obesity 
and hyperlaxity and is usually familial.2 Examination reveals a 
valgus hindfoot with a flattened medial longitudinal arch which 
reconstitutes when standing on tiptoes or hallux dorsiflexion16 (Fig. 
6). No treatment is required for flexible flatfeet and parents can 
be reassured that the arch will develop with growth.16 Insoles are 
commonly used however Cochrane reviews have shown that they 
are ineffective and cause unnecessary pain and discomfort.2 

Fig. 5 a. Metatarsus adductus with the characteristic curved lateral border.13

b. Heel bisector line in a normal foot and in a foot with metatarsus adductus.14

B. ASSESSMENT AND EXAMINaTION
A detailed history and examination is essential (Box 1). 
Occasionally malalignment of the lower limbs may be a 
symptom of an underlying condition e.g. neuromuscular 
disorders including cerebral palsy.2 .

Fig. 6. Flexible pes planovalgus. a. Flattened medial longitudinal arch with 
a valgus hindfoot. b. Medial arch reconstitutes when standing on tip toes.16

a. b.

Important points in the history aimed 
at differentiating between normal 
and pathological conditions
•	 Reason for presentation? 

Parental anxiety vs. symptomatic child
•	 Progression of Condition
•	 Gestational History & Method of Delivery 

including presentation
•	 Delayed Milestones 

Is the child walking? 
At what age did he/she start walking?

N.B. Conditions in children < 5 years (< 2 years in genu varum) 
with asymptomatic, bilateral, symmetrical features are usually  
normal variants.If a child >5 years (> 2 years in genu varum) 
presents withpainful, unilateral and asymmetrical features, 
specialist referral is warranted.

Examination
•	 Height
•	 Weight
 
While Standing
•	 Coronal Alignment: Genu Varum or Valgum
•	 Measure

1.	 Intercondylar distance: the distance in cm 
between the knees with the ankles together 
Normal is < 6cm

2.	 Intermalleolar distance: the distance in cm between 
the medial malleoli with the knees held together 
Normal is < 8cm

BOX01

merits specialist referral for close monitoring. Non-operative 
management usually involves regular passive stretching by the 
parents, casting of the foot to maintain a proper alignment10 or 
use of reverse last shoes. Up to 14% may progress in severity 
requiring operative intervention after 4 years of age.2 
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•	 Arches of the Foot 
Does the medial arch reconstitute when standing 
on tip toes in cases of flat foot?

While Walking
•	 Foot Progression Angle (The angle of 

the foot while walking forward; Fig. 7) 
In-toing or out-toeing gait

While Running
•	 ‘Eggbeater pattern’ in increased femoral anteversion 

Is the deformity exacerbated?

While Sitting on the Floor
•	 ‘W’ position in increased femoral anteversion

When Prone on the Couch
•	 Thigh foot angle for tibial torsion
•	 Lateral curvature of the foot and the heel  

isector line for metatarsus adductus 
Normally the line bisects the 2nd webspace

•	 Range of hip internal and external rotation 
for increased femoral anteversion 

When Supine on the Couch
•	 Assess the hips, knees, ankles and feet
•	 Reassess the coronal alignment without 

the effects of gravity

BOX02
Take Homemessage

Refer to a specialist
in the following cases:
•	 Genu Valgum < 2 years of age 

and Genu Varum > 2 years of age
•	 Painful Genu Varum in adolescents
•	 Asymmetrical, unilateral or progressively 

worsening deformities
•	 Knee, hip or thigh pain in school children 

due to risk of Perthes’ disease
•	 Knee, hip or thigh pain in adolescent children, 

especially if obese, due to risk of Slipped Capital 
Femoral Epiphysis

•	 Rigid Metatarsus Adductus 
•	 Internal tibial torsion over 6-8 years of age 

or a thigh-foot angle >15 degrees
•	 Rigid flat foot

10.	 Souder C. Metatarsus Adductus. https://www.orthobullets.com/
pediatrics/4061/metatarsus-adductus.

11.	 Souder C. Femoral Anteversion. https://www.orthobullets.com/
pediatrics/4059/femoral-anteversion?expandLeftMenu=true.

12.	 The “W” sitting position in young children. Kid’s Island 
Nursery: February 2016.

13.	 Podopediatrics - Metatarsus Adductus Flashcards. 
https://www.memorangapp.com/flashcards/114351/
Podopediatrics+-+Metatarsus+Adductus/.

14.	 Orthokids Metatarsus Adductus. http://www.orthokids.com.au/
conditions-treated/foot-ankle/metatarsus-adductus.

15.	 Stahl D. External Tibial Torsion. https://www.orthobullets.com/
pediatrics/4121/external-tibial-torsion.

16.	 Siegall E. Flexible Pes Planovalgus (Flexible Flatfoot). 
https://www.orthobullets.com/pediatrics/4069/flexible-pes-
planovalgus-flexible-flatfoot.

17.	 Carr JB, Yang S, Lather LA. Pediatric Pes Planus: A State-of-
the-Art Review. Pediatrics 2016;137(3):e20151230.

18.	 Torsion of the lower limb in children. http://bestpractice.bmj.
com/topics/en-us/748/images-and-videos.

1.	 Brooks PM. The burden of musculoskeletal disease—a 
global perspective | SpringerLink. Clinical Rheumatology 
2006;25(6):778-781.

2.	 Yeo A, James K, Ramachandran M. Normal lower limb variants 
in children. BMJ 2015;7(350):h:3394.

3.	 Staheli LT, Corbett M, Wyss C et al. Lower-extremity rotational 
problems in children. Normal values to guide management. J 
Bone Joint Surg Am 1985;67(1):39-47.

4.	 Sabharwal S, Zhao C, Edgar M. Lower limb alignment in 
children: reference values based on a full-length standing 
radiograph. J Pediatr Orthop 2008;28(7):740-6.

5.	 Heath CH, Staheli, LT. Normal limits of knee angle in white children--
genu varum and genu valgum. J Pediatr Orthop 1993;13(2):259-62.

6.	 Toddler’s feet : Developmental problems (Foot Factoids). http://
foottalk.blogspot.com/2006/01/toddlers-feet-developmental-
problems.html.

7.	 Leg and Knee Knots. http://alborzotc.com/.
8.	 Staheli LT. Rotational problems in children. Instr Course Lect 

1994;43:199-209.
9.	 Shirley E. Internal Tibial Torsion. https://www.orthobullets.

com/pediatrics/4060/internal-tibial-torsion.

References

13Volume 18, 2019  Issue 01


