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ABSTRACT
Rotational and angular misalignments of the lower limbs are common in children.
In most cases, they are part of normal growth process. In a few cases, these growth
processes become exaggerated and require correction. In yet a fewer cases,
pathological processes are superimposed resulting in deformities that also require
correction.
Various authors in different environments have used different methods of
measurement to establish normal range of values for both rotational and angular
profile parameters of the lower limbs for children in their region. Some efforts
have been made in our sub-region on the angular profile while little has been done
on the rotational profile. The basis for this study is therefore, to provide data on
normal range of these parameters in our environment for clinical reference.
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Various methods exist for the assessment of these parameters. The clinical method
has been chosen and used in this study because it is cheap, reproducible, harmless,
reliable and lends itself to routine use in our clinics because of its simplicity.

The rotational and angular profile of the lower limbs of 600 children 3-8 years of
age in Lagos metropolis were determined using clinical methods.
The mean tibiofemoral angle for the six age groups studied was 6.0o+ 8.1o
A valgus inclination of 8.4o+7.2o was noted at age 3 years which decreased to 3.4o
+ 8.6o at 8 years of age.
The thigh-foot angle showed a mean of 4.4o+8.1o at 3 years. This increased to a
mean of 9.4 +7.3o at 8 years.
The average lateral hip rotation was 43.5o + 18.6o at 3 years which decreased
gradually to 38.5o+ 14.5o at 8 years of age, while medial hip rotation showed a
gradual increase from 35.7o + 20.6o at 3 years to 44.3o+20.7o at the age of 8 years.
The average total hip excursion was 82o + 24o for the age group studied.

Results have been compared with both local and international figures and
differences and similarities highlighted. Most of the parameters showed similar
pattern of changes with age compared with most other studies. However, the
degree of change and timing showed some basic differences which could be
attributed to racial and genetic factors, methods of measurement and other
environmental factors.
It is hoped that findings from this study would help physicians provide better
patient care in this environment.
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CHAPTER 1

INTRODUCTION
Rotational and angular misalignments are common in children usually presenting
as in-toeing/out-toeing and bowlegs/knock-knees respectively.1,2,3,4,5 This is often
of great concern to the parents, grandparents and guardians. The attending
physician needs to assuage this through careful clinical evaluation and further
investigation if need be. Such a need arises usually only in minority of cases.

Both angular and rotational profiles vary widely among children and within the
same individual child as growth progresses as part of the normal physiological
changes in the growing child. Various authors have shown that normally at birth,
the knees are at a profound varus, which changes to a neutral position of about 0o
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tibiofemoral angle at 18-24 months of age. A maximum valgus angle is then, seen
at ages 3-3½ years. This changes with further growth in the child to the adult value
at about 8-10 years with only minimal variation between sexes. 1,2,3,6

Similar variations also occur in the thigh-foot angles, foot progression angle and
hip rotation as measures of rotational profile with growth in the child. Out-toeing
in infants, medial tibial torsion in toddlers and medial femoral torsion in older
children are extremes of a normal developmental pattern. In majority of cases,
these rotational variations fall within the broad range of normal and require no
treatment. Medial rotation of the hip increases from early childhood to a plateau at
about 9-10 years and then slowly decreases throughout life. On the other hand,
lateral rotation decreases from early childhood to about 9 years after which it
shows only a minimal increase for the rest of life. Some sex variations do exist in
this trend.3,7.
The thigh-foot angle has a mean of 10-15o at the age of 2 years and gradually
increases to a mean of 35o at 12 years.3,7.

Knowledge of these normal variations is necessary for the attending physician to
be able to differentiate between physiological pattern which will not need
treatment and pathological conditions that will need further investigations and
treatment.

Studies have shown some local differences in the normal values for these
parameters which some authors have attributed to racial and other factors. In the
West African sub-region, and here in Nigeria, attempts have been made to
establish reference values for the tibiofemoral angle.8,9,10,11 However, to the best
of my knowledge, there is no published work that has produced reference values
for the rotational profile of the lower limbs in the sub-region.
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This study, aims to corroborate or seek to explain any difference in values between
it and previous local ones on tibiofemoral angle and to establish a new set of data
for the rotational profile in this sub-region for routine clinical reference. This will
also guide the physician in taking a more wholistic approach to the presenting
child who may actually need an evaluation of the lower limbs in both the axial and
transverse planes.

CHAPTER 2
LITERATURE REVIEW.

2.1

KNEE ANGULAR PROFILE.

The development of tibiofemoral or knee angle in the growing child has
been

a

subject

of

intensive

research

over

the

years.1,2,3,8,9,10,11,12,13,14,15,16,17,18,19,20,21,22,23. Bowlegs in babies and knockknees in the 4 year olds are so common that they are considered normal
stages of development.4
In 1933, Bohm21 pointed out the normal changes in the knee angle of
children with growth, an observation he explained by comparing humans
with other arthropoids. Several researchers have since then through their
publications thrown more light on this interesting phenomenon and
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highlighted

some

interesting

differences

peculiar

to

their

environments.2,3,6,8,9,10,11,14,20 Most of these studies show that knee angles in
children have a wide range of normal values which change spontaneously
with age until a narrow adult range is reached. Values within two standard
deviations of the mean are termed physiologic variations, while those
beyond two standard deviations of the mean for that particular age group
are regarded as deformities.5

2.1.1 NORMAL VARIATIONS IN KNEE ANGLES WITH GROWTH.
Salenius and Vankka 6 in a study of tibiofemoral angle using both clinical and
roentgenographic methods involving 1279 Finnish children reported that
maximum varus inclination of the knee of about 15o is seen at birth, which
rapidly decreases to about 0o between 1-1½ years of age. A valgus inclination
then follows which gets to a maximum of 10o-11o at about age 3-4 years. This
then changes to about 5o-6o at 6-7 years of age. No sex difference was found.

Engel and Staheli

2

using photographic measurements in 160 American infants

and children concluded that children below the age of one year exhibited a genu
varum averaging 5o in both boys and girls which spontaneously changes over
time to valgus that is maximal at 2-3 years. This then corrects over time with
further growth.
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In a study involving 2630 Chinese children from birth to the age of 12 years,
Cheng et al3 measured both rotational and angular profiles of the lower limbs.
The tibiofemoral angles and the intercondylar/intermalleolar distances were
measured clinically. They found a maximum bowleg with an intercondylar
distance of 3 cm at birth which decreases to 0 cm at the age of one and there
after changes to a maximum valgus of 2.8 cm at 3 years of age. This distance
subsequently changed to a mean of 0 cm +3 cm (2SD) at the age 8 years. They
reported that girls showed a slightly more valgus knees than boys. They
established a significant correlation between the intercondylar/intermalleolar
distances and the tibio-femoral angle which also followed a similar trend. At
birth a varus inclination was found which decreased to a valgus of 8o at 3½ years
and then changed to a mean valgus of 1o + 8o at 8½ years.

Four hundred and twenty seven European children aged 10-16 years were studied
by

Cahuzac

et

al10

who

measured

their

tibiofemoral

angles

and

intercondylar/intermalleolar distances using clinical methods. Girls were found to
display a constant mean valgus angle of 5.5o during this period with intermalleolar
distance of <8cm or intercondylar distance of <4cm. Boys showed a similar trend
until the ages of 14-16 years when their mean valgus angle decreased to 4.4o. That
is, at 16 years girls show more valgus than boys.

The axial alignments of the knees of 50 adult Chinese volunteers were assessed on
radiographs by Tang et al22 who found that males had a mean varus alignment of
2.2 + 2.5 degrees while females had a mean varus of 2.2+2.7 degrees.
In another study, Arazi et al18 also examined 590 Turkish children aged 3-17 years
using clinical methods. Their findings were significantly different from any of the
16

above. They reported a mean valgus inclination of <= 11o throughout these age
groups with a maximum of 9.8o for girls at 6 years and 9.6o for boys at 7 years
which then gradually declined with growth. They attributed this to racial
differences, measurement techniques and observer related factors.
Here in Nigeria, Badru8 and Oginni et al9 in Ilesa, Omololu et al10 in Ibadan,and
Harcourt11 in Enugu in their studies, reported the following findings:
Badru8 and Oginni et al9 using both clinical and photographic methods studied
2037 and 2036 children respectively, aged 2 months to 12 years at Ilesa and found
that 6-month olds exhibited a mean varus angle of 9.7o+1.6o which decreased to
0o at 2 years. Maximum valgus of 7.1o +1.7o was observed at 3 years which then
gradually changed to between 4-6o at ages 4-12 years.
In Ibadan, Omololu et al10 examined 2166 children aged 1-10 years using clinical
methods. They observed that the knees were maximally bowed at age 1-3 years,
which reduce to neutral 0o at the age of 5 years for girls and 7 years for boys. A
constant valgus angle of 11o between the ages 1-10 years was reported by them.

Five hundred children aged 4-7 years were studied at Enugu using clinical
methods by Harcourt11. He reported a valgus inclination of 7.58 +2.05o at 4 years
which diminished progressively to 5.5o+2.77o at age 7 years for boys. Maximum
valgus of 7.04+1.86o was seen in girls at 5 years with a decreasing trend similar
to that for boys in later years. A slightly higher valgus inclination was found in
girls than boys.

2.1.2

SOME EXPLANATIONS GIVEN AS POSSIBLE REASONS
FOR THE OBSERVED CHANGES.
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Opinions vary as to why these changes occur. Bohm21 in 1933 made a
comparative analysis of the changes in humans with that of other arthropoids and
explained that alterations in the broadness and height of the distal femoral and
proximal tibial epiphyses with growth was responsible for the changes. When
the medial epiphyses are broader and higher, valgus inclination results and the
reverse is the case in varus deformities.
Knight and Tennesse15 opined that the position of the children at sleep or rest
affects the observed changes. A prone knee chest position with the limbs in
internal rotation they claim leads to bow legs while knock knee is produced with
the child in similar position and limbs in external rotation.
The variations were adduced to the widening of the pelvis by Sass and Hassan.1

Mild bowlegs found in infants are believed to be due to molding in-utero (a
combination of external hip rotation, tight posterior hip capsules and internal
tibial torsion). This usually resolves after one year when the child starts
walking5.

2.1.3

METHODS OF ASSESSMENT OF KNEE ANGLE.

Basically three methods or a combination of them have been used in various
studies.1.2,3,6,8,9,10,11,13,14,18,20,21.The radiographic, the photographic and clinical
methods.

In the radiographic method, an anteroposterior weight bearing X-ray of the entire
lower limb is taken with the individual in anatomical position, with the hips in
neutral position and knees in full extension. On the film, a line is drawn along
the longitudinal axis of the femur and the tibia to intersect each other at the
18

centre of the knee. The angle subtended at the knee between the two lines forms
the tibiofemoral angle as measured using a goniometer.6,15.17,22. However given
ethical considerations of X-ray exposure, this method is not recommended for
large scale study on normal children. Also, variations in positioning while taking
the X-ray and difficulty in determining the true axis of the tibia may affect
results.3,8,11,17

The photographic method involves making the child stand erect, with the
patellae facing forward, the knees and the hips in neutral extension. Skin
markers are then put on both anterior superior iliac spines(ASIS), centre of the
patellae and midway between the malleoli at the ankle and photographs then
taken. The photographic films are subsequently processed and projected on a
screen where the tibiofemoral angles are measured using a goniometer with the
skin marks as landmarks.2,8,24 This method can be used in normal children for
large scale studies. Its drawbacks are however that, it is expensive (use of
cameras, films and projectors), time consuming, and cannot be conveniently
used routinely in daily clinical practice.

The clinical method has been used also in several studies for both tibiofemoral
angle and the intercondylar/intermalleolar distances, and has been found to
correlate well with values got from the radiographic and the photographic
methods.3,9,10,20 .The child stands with knees in full extension and the hips in
neutral extension and rotation. The femoral and tibial axes including the centre
of the patellae are palpated and marked on the skin using skin markers. The
tibiofemoral angle is then measured with the goniometer centred on the patella
and its arms on the skin marks. This method is cheap, reproducible, useful in our
routine outpatient clinics and has been used for both small and large studies in
normal children. The error that can be introduced by obesity and tibial bowing
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can be eliminated or brought to minimum by properly positioning the
child.3,10,11,14,20

The intercondylar/intermalleolar distances are measured with the child standing
as described for clinical tibiofemoral angle measurement but specifically
ensuring here that either the condyles(in valgus deformity) or medial malleoli(in
varus deformity) are touching. The distances are then measured with a standard
tape measure8,10,11,16, or a special caliper3. The values correlate well with that of
tibiofemoral angle and it is useful in routine clinical practice though it does not
measure the actual knee angle. Cahuzac et al12 also observed that values are
affected by height and length of the legs and that it has a greater standard
deviation than direct measurement of the tibiofemoral angle. It is also said not to
be useful in windswept(valgovaroid) deformities.8.

2.1.4

DIFFERENTIAL DIAGNOSIS OF ANGULAR DEFORMITIES
OF THE KNEE.$

VARUS DEFORMITY
1) Physiological genu varum
2) Pathological causes:
-Tibia vara (Blount’s Disease.):
* Infantile
*Juvenile
*Adolescent.
-

Focal Fibrocartilagenous dysplasia.

- Physeal injury:
*Trauma.
*Infection
*Tumours.
* Surgery (osteotomies)
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-

Metabolic disorders:
*Vitamin D deficiency. (Nutritional).
*Vitamin D resistant rickets.
*Hypophosphatasia.

-

Renal osteodystrophy.

-

Skeletal dysplasias:
*Metaphyseal chondrodysplasia.
*Achondroplasia.
*Enchondromatosis.

-

Osteogenesis Imperfecta.

VALGUS DEFORMITY
1) Physiological
2) Pathological Causes:
-Trauma.
*Physeal injury.
* Trauma to proximal tibial metaphysis/malunited fractures
*Surgery (osteotomies)
- Infection:
*Physeal damage.
-

Metabolic disorders
*Vitamin D deficiency (Nutritional Rickets).
*Vitamin D resistant rickets

-

Renal osteodystrophy.

-

Skeletal dysplasias:
*Multiple epiphyseal dysplasia.
21

*Pseudochondroplasia.
*Kneist Syndrome.
-

Congenital abnormalities.
*Congenital dislocation of the patella.

-

Neuromuscular disorders:
*Cerebral palsy.
*Myelodysplasia.

$

Adapted from Chapman’s Orthopaedic Surgery.5

2.1.5

CLINICAL ASSESSMENT/MANAGEMENT

One of the most common reasons for parents/guardians to seek Orthopaedic
attention for their children is for suspected angular or torsional deformities of the
lower limbs.5 In many cases, the complaint is a variation of normal growth and
development and the problem resolves without intervention as the child grows13.
These common problems include angular deformities (bowlegs and knockknees) and rotational deformities (in-toeing and out-toeing).1 The role of the
Orthopaedist is to evaluate and differentiate these physiologic variations from
true pathologic deformities that may need special investigations and treatment.
Pathologies that may lead to angular deformities of the knee have been outlined
above.

At presentation, after proper history taking (including onset and progression,
family history, developmental history, diet, trauma, shoe wear etc), the angular
and rotational profiles are taken in addition to a full general and systemic
22

examination, neurological and musculoskeletal evaluation. The child’s weight,
height, limb length and joint laxity are also assessed.3,5,8,11,26.

A variation becomes a deformity when the degree of deviation from the normal
mean for that age group exceeds 2 standard deviations and thus the child may
need to be further investigated.1 Several series for normal values in different
environments are now available for comparison.3,6,8,10,11,20,22,23,24.
On a general note, significant asymmetry, rapidly developing/unresolving
deformity, presence of windswept deformity, genu valgum >25 o in a child older
than 8 years, and clinically obvious pathological conditions like rickets, are
indications for further investigations and treatment.1,5,12,13,18.
In bowlegs, if Blount’s disease is suspected in a young child before the onset of
classical radiological features, a high metaphysiodiaphyseal angle (>11o) on the
X-ray suggests Blount’s disease.19 This however, is recently being disputed in a
study by Eggert and Viemann.27

The use of orthotics and other conservative measures have been found not to be of
any benefit or better than observation. Thus, the management decision is between
observation and regular review with parents education and surgery.1,5

2.2
2.2.1

TORSIONAL PROFILE
NORMAL PHYSIOLOGICAL VARIATION.

Torsional misalignment is a common reason for Orthopaedic consultation in
infancy and childhood. Most of these problems generally resolve spontaneously
with growth and rarely persist into adult life.1,3,5,7,28.
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As a result of the wide range of normal physiological variation, there is need for
thorough clinical evaluation of the presenting child to differentiate the
physiological changes from the occasional pathological conditions that may
present in a similar manner. This will help to avoid subjecting all presenting
children to all sorts of radiologic and other costly and time consuming
investigations that may even be harmful to the children. These investigations are
best reserved for the few cases when indicated.1

Hip Rotation
Staheli7 and others in their study of rotational profile in 500 American Caucasian
children provided a set of normal values for reference. They found that in early
infancy, lateral rotation of the hip is greater than medial rotation and that with
advancing age, lateral rotation decreases while medial rotation increases. Girls
showed a higher value for medial rotation than boys but also exhibited a similar
trend. Medial rotation increases in both sexes from a mean of about 40o in infancy
to peak at the end of early childhood (about 6 years) and then declined throughout
later childhood and adulthood. From mid-childhood on, males had a mean of
about 50o medial rotation and a normal range of 25o-65o, while females had a
mean of 40o and a normal range of 15o to 60o. No sex difference was observed in
lateral rotation of the hip which was greatest in infancy (about 70o), declined
throughout childhood, and then remained constant during adult life. From midchildhood on, the mean lateral rotation was 45o with a normal range of 25o-65o 7.

The same authors graded femoral torsion as it relates to hip rotation into: mild,
moderate and severe:
1) Mild femoral torsion:-medial hip rotation between 70-80o and lateral hip
rotation of 10-20o (i.e. 2-3SDs from the mean).
2) Moderate femoral torsion:-medial hip rotation between 80-90o and lateral hip
rotation between 0-10 o (3-4SDs from the mean); and
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3) Severe femoral torsion:-medial hip rotation of 90o with no lateral rotation at
all; the values being also influenced by the degree of joint laxity. 7

A correlation has also been established between femoral torsion and hip rotation
in a study by Staheli, Duncan and Schaefer.29
It is important to note that other factors like acetabular shape and inclination,
contractures and soft tissue adaptations to intrauterine life may also affect hip
rotation.2,3,7

Both rotational and angular profiles of the lower limbs of 2,630 normal Chinese
children aged 0-12 years were studied by Cheng et al 3.They reported a mean
medial hip rotation for female of 43o at 2 years which increases progressively to
plateau at 56o at 9 years after which it decreases slowly from 11 years. A similar
trend is also seen in males. The range of +20o is obviously great. Girls had a
significantly higher medial hip rotation (4o more) than boys on the average.
Lateral hip rotation was higher in boys by about 2o than girls. At 2 years of age,
the average lateral hip rotation was about 40o which decreases to 30o at 9 years and
slowly increases again at 10 years. A similar trend was found in females with a
range of +15 for all age groups. Total hip excursion was almost constant for all
age groups- a mean of 83o in girls and 80o in boys.3
Comparing their findings with that of Staheli and others7 above, they averred
that:
a) Chinese children had an average of 5o more medial rotation of the hip,
b) Lateral rotation was significantly lower in values in Chinese children with a
mean difference of about 20o at 2 years and 2o at age 12 years. These differences,
they attributed to racial factors as the method of measurement was almost
identical.3
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In another study by Engel and Staheli2, measurements were taken from 160
normal American children. Lateral hip rotation was reported to decrease rapidly
from about 90o in infancy to about 55o at 3 years of age after which it then
decreases slowly throughout childhood. Medial rotation increases from about 45 o
in infancy to about 60o at 6 years and then remains relatively stable. Total hip
excursion was about 100o at 2 years and ranged between 95o and 110o after. They
opined that the relationship between hip rotation and femoral anteversion
becomes more significant (increased anteversion causes increased medial hip
rotation and decreased lateral rotation and vice versa) in the older child (over 2
years) when the effects of other factors that affect rotation like soft tissue
adaptations to intrauterine positioning would have been eliminated.2

Thigh-foot Angle.
Clinically, the thigh-foot angle gives a quick and easily obtainable indication of
tibial torsion if care is taken to properly take the measurement.1,2,3.
In a study using aborted fetuses, Bensahel et al30 found that thigh-foot angle varied
between 10-50o medial deviation with an average of 22o. The foot they said is in
about 20o medial angulation at 5 months gestation and rotates laterally to 0o at
birth.
Staheli et al7 reported that the thigh-foot angle increased from about -5o at birth to
become less variable throughout childhood. From the middle of childhood on, the
mean angle remained approximately 10o with a range of -5 to 30o.
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According to Cheng and others3, at 2 years, Chinese children had a mean thighfoot angle of 15o which increased steadily to a plateau of about 35o at 12 years
with a range of 10-53o. No sex difference was found. 10-15o higher values
(ascribed by them to racial differences) of thigh-foot angle was found compared
with other races.
Engel and Staheli2 also studied 160 American children and observed an increase
in thigh-foot angle from medial to lateral with advancing age. 11o was seen in
infancy which increased to 18o by 14 years of age.

2.2.2 DIFFERENTIAL DIAGNOSIS OF IN-TOEING AND OUTTOEING.
In-toeing
Three main conditions cause in-toeing:
a) Internal Tibial Torsion- It is the most common cause of in-toeing.1,15 It
occurs more in males than females. It is believed by some to be due to
intrauterine packaging, sleeping prone, and sitting on the feet. It results in
internal foot progression angle, and a medially deviated (-) thigh-foot angle.
The child walks with patella facing forward, and foot facing inwards. Over
90% of cases resolve spontaneously without treatment by 8 years of age.
The foot tends to turn outwards with growth.1,7.
b) Increased Femoral Anteversion- The femur is usually medially rotated on
its own axis at birth. As a cause of in-toeing it is often familial and
bilateral. Males are often more affected than females. The child walks with
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the patellae and feet pointing inwards and the gait may be clumsy with
tripping. Children with femoral anteversion syndrome have marked internal
hip rotation up to 90o in some cases. It is usually diagnosed at 3 years of
age, peaks at 6 years and over 90% resolves without treatment.1,7,15.
c) Metatarsus adductus- The most common foot deformity (1 in 1000 live
births). It is more common in females and on the left side. It is believed to
be due to intrauterine packaging. There is adduction of the forefoot and the
foot is convex laterally (C-shaped). Eighty-five to ninety percent or more
also resolve spontaneously within the first year of life. Persistent cases are
managed with above knee cast. 1,11
On a general note, in-toeing in the first year of life is usually due to
metatarsus adductus or tibial torsion and that in later childhood is due to
femoral anteversion.1,2,7

Out-toeing
The major causes are opposite that for in-toeing and include:
a)

Femoral Retroversion- It is common in infancy and is believed to be due to
intrauterine packaging. The pre-walking child shows out-toeing of up to
90o.1,3,15
Tonnis and Heinecke31 have defined a syndrome of diminished femoral
anteversion in older children and adults who show decreased internal hip
rotation and marked external hip rotation.

b) External Tibial Torsion- Usually seen in the 4-7 year old. It is unilateral in
most cases and more common in the right1. Naturally, the tibia rotates
outwards with growth and the condition may worsen with growth. Thus,
lateral torsion is a more common indication for surgery than medial
torsion.1,
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c) Flat Foot.-It is common in infant and young children. Usually due to
ligament laxity and resolves within a year in painless cases. Painful
unresolving cases need further investigation and treatment. 1,15

It is important to note that several pathologies other than the above
conditions on their own or in combination may rarely aggravate or cause intoeing or out-toeing. In-toeing may thus be associated with congenital hip
dislocation, coxa valga, tibia vara, Perthe’s disease, cerebral palsy (all of
which are associated with increased femoral anteversion), malunited
fractures, club foot, post-polio paresis, occult spinal abnormalities, etc. Outtoeing on the other hand, may result from coxa vara (associated with
femoral retroversion), extreme genu valgum, malunited fractures,
occult/overt spinal abnormalities, calcaneovalgus deformity, etc.1,17,32,33,34.
These conditions should thus be excluded during clinical examination as
their presence may change the line of management.

2.2.3. METHODS

OF

ASSESSMENT

OF

ROTATIONAL

PROFILE OF THE LOWER LIMBS.
Torsional profile of the long bones of the lower limb is assessed basically
in 4 ways : a) Use of necropsy specimens, b) Radiologic method, c)
Photographic method and d) Clinical Method.1,2,3,7,27,32,35,36,37. Other
methods allow only an approximation except the direct measurement from
necropsy specimens and recently the use of computerized tomogram. 32

a) Use Of Necropsy Specimens :
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The method used by Kobiliansky et al37 is described here:
Dried bones (tibiae and femora) are used.
Anteversion of the femur is measured as an angle formed between an
axis passing through the centre of the head and of the greater trochanter
(a pin is passed through) in the upper end of the femur, and the axis
passing through the centre of

the femoral condyles(transverse

bicondylar axis-a pin is also passed through) at the lower end. Both axes
are projected on the horizontal plane and measured with a protractor or
goniometer. 37.

Tibial torsion occurs as a twist around its longitudinal axis. It is
measured on dry bones as the angle between the transverse
intercondylar axis at the upper end and transverse intermalleolar axis at
the lower end projected on the horizontal plane and measured with a
protractor or goniometer. 37
The drawback in this method is that it is not useful in living subjects.

b) Radiologic Method. It involves the use of X-rays or computerized
tomography:

Femoral Anteversion- Use of X-Ray
Biplane X-rays are used here and it involves taking anteroposterior X-ray
of the upper femur in neutral position and a lateral X-ray of the hip and
upper femur in a defined position. Various methods of positioning the
patient and subsequent calculation of the femoral anteversion angle have
been described. 32,35,38,39
The method described by Dunlap and others32,39. in 1953, is summarized
here :
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 An anteroposterior X-ray of the pelvis is first taken with the patient
lying prone, the hips in neutral extension, the knees flexed to 90o and
the legs perpendicular to the table. The cassette is placed on the Xray table at the level of the pelvis and the tube and rays directed
perpendicular to the cassette. From this film the neck-shaft angle is
measured with a goniometer.
 A lateral X-ray of each hip is then taken with the patient in a supine
position. The lower limb is positioned in an apparatus which holds
the hip and the knee at right angles and with a radio-opaque
reference bar placed just lateral to the greater trochanter. The thigh is
abducted to 10o, determined by a triangular wooden template-one
side which is 10o angled with the plane of the table. A second radioopaque bar attached at right angle to the first bar, represents the
transcondylar axis of the femur. The apparent angle of torsion is the
angle formed by this second bar with the central axis line of the
femoral neck as measured on the X-ray film. The apparent angle of
torsion is thus the angle formed by the plane of the transcondylar
axis and the central axis of the neck.

The true or corrected angle of torsion is then determined from the
apparent angle of torsion (measured on the X-ray) and the measured
neck-shaft angle using a graph prepared from a special trigonometric
formula.39.

The result may be adversely affected by the degree of flexion,
abduction, and rotation of the hip, the neck shaft angle, angle of Xray to the film (must be perpendicular to the film), and distribution
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of soft tissues around the thigh (which affects the accuracy of
abduction).32,39.

Tibial Torsion- Use of X-ray method.
For tibial torsion the X-ray method described by Rosen and Sandic
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is as

follows:
The patient lies supine or sits. The hip is flexed to 90o and knees flexed to
between 60-75o. The feet are placed 3 inches apart on a Bucky diaphragm on
an X-ray cassette and the knees also placed 3 inches apart with the tibial
tubercles pointing directly anteriorly. The X-ray tube is positioned 6 feet
away from the cassette and directed perpendicular to it, and X-ray then taken.
Four points are determined on the film: two proximally (the upper medialUM and the upper lateral-UL), and two distally (the lower medial-LM and
the lower lateral-LL), which correspond to the following points on the bone:
 UL-The point at the junction of the anterior margin of the fibula and
lateral margin proximally.
 UM- The most prominent point of the medial condyle which is the
junction of the transcondylar line and the margin of the medial
condyle of the tibia.
 LL- This is the prominence of the junction of the lateral and posterior
margins of the lateral malleolus.
 LM- Marks the prominence of the junction of the anterior and medial
margins of the medial malleolus.

The angle of torsion is obtained by drawing a line joining the two proximal
points and another one joining the two distal points. The angle between the
two lines defines the angle of torsion which can either be medial or lateral. If
the lines are parallel, it shows there is 0o torsion. If the angle points laterally,
it shows lateral torsion; the reverse being the case for medial torsion.40
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The X-ray methods described above are highly technical, time consuming,
costly and for ethical reasons cannot be used in a large scale study of this
nature in normal children.

Use Of Computerised Tomography Scan (CT) For Torsion
This is next to the use of necropsy specimen in terms of accuracy. The
method used by Jakob et al36 is described here. It is based on transverse
computerized tomograms of the proximal and distal justa-articular areas of
the femur or tibia.

The patient is positioned supine on the sliding table of a whole body scanner.
The legs are strapped to an adjustable plexiglass support so that movement
during the procedure is avoided. Transverse tomograms are then taken at
various levels proximally and distally.

For the tibia the proximal reference point, is the axis through the widest
condylar diameter drawn on the tomograghic film. The distal reference point
is a line through the transverse axis of the lower end that bisects the
anteroposterior diameter and also passes through the anterior half of the
lateral malleolus. The angle between the two axes corresponds to the tibial
torsion.

For the femur, torsion is measured by comparing the axis of the femoral
neck/head proximally and the axis through the distal femoral condyles.36.

In addition to cost, technicalities, and CT scan not being readily available,
this method also involves exposure to radiation, and thus is ethically not
suitable for a study like this in normal children.
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Clinical And Photographic Methods for torsion measurement.
The clinical method has been used in many studies.1,2,3,7,38 It is the commonly
used method routinely in the clinics hence its choice for this study.

Hip rotation is measured by making the patient to lie prone on a firm table or
couch with hips in neutral extension and pelvis stabilized by an assistant and
the knees flexed to 90o. The legs are then rotated inwards and outwards, for
lateral and medial hip rotation respectively, to a level that is sustained by
gravity alone. The angles are measured from the caudal end of the couch
facing cephalad using a goniometer.1,2,3.

In the photographic method, the photograph is taken with the patient in the
same position as for the clinical method and the angle measured on the
projected film with a goniometer 7,41.

For the thigh-foot angle, measurement is taken with the child also in the
position as for hip rotation above but without any rotation. The sole of the
foot is viewed vertically from above and the thigh-foot angle taken with a
goniometer as the angle between the axis of the foot and the ipsilateral
thigh.1,2.

A photograph is taken of the same vertical view with the child in the same
position and the thigh-foot angle is measured with a goniometer on the
projected film in the photographic method.

The clinical methods described above are reliable and cheap screening
techniques in large scale studies in normal children and also easily carried
out in our routine outpatient clinics. They are thus, good methods for
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screening out patients that are within the normal range of measurements
without having to first subject every child to costly and potentially harmful
investigations like X-rays and computerized tomography. Values that fall
within 2 standard deviations of the mean for that age group would thus not
need to be subjected to further investigations except indicated by other
pathologies.
The photographic method offers similar advantage, but is costlier, time
consuming and cannot be routinely used in our clinics..3,7.

The use of foot progression angle as a measure of rotational profile in the
lower limb as described by some authorities

1,2

was not used in this study

because of its lack of reliability. Cheng et al3 observed in a pilot study that
children asked to walk in a straight line in a confined area walked so
unnaturally that measurements fluctuated greatly making results unreliable, a
fact also confirmed by my personal observation in the course of this study.

2.2.4 CLINICAL ASSESSMENT AND WHEN TO TREAT.
With the wide variation in the normal values of the above parameters for
children at different age groups as highlighted above, it becomes pertinent that a
thorough assessment of the child is made at presentation. A detailed history is
taken and a full clinical examination carried out including measurement of the
above parameters. Other pathologies that may be responsible are looked out for
before taking a final decision on whether to carry out further investigations and
treat.
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More costly and sophisticated investigations like biplane X-rays and CT are
reserved for the very few extreme cases of severe deformities and for
preoperative planning.5,26 Values of these parameters within 2 standard
deviations of the mean are termed physiologic variations and beyond 2 standard
deviations are termed deformities.

Treatment when indicated varies with the clinical presentation and possible
aetiology. Eigthy five to ninety percent of metatarsus adductus resolve without
treatment. Severe and persistent cases after 6 months of age, should be corrected
with above knee casts 1,28.

The only effective treatment for extreme femoral and tibial torsion is surgery as
the use of orthotics and other conservative methods have been found not to be
more effective than observation. However, parents and guardians need to be
educated about the wide range of normal variation, the tendency for self
correction, the ineffectiveness and cost of orthotics and other conservative
methods, and the high complication rate associated with surgery. The presenting
child can then be reviewed at regular intervals to monitor changes. 1,5,7,16,25,28

For excessive tibial torsion, surgery (derotation osteotomy) is only indicated: a)
in a child older than 8 years, b) when functional and cosmetic disability is
present, c) a thigh-foot angle greater than three standard deviations from the
normal (that is >30o lateral torsion or 15o medial torsion) and d) parents who are
aware of the problems and complications associated with surgery.

Derotation osteotomy is indicated only in extreme femoral anteversion or torsion
in: a) a child more than 8 years of age, b) with a deformity severe enough to
cause significant cosmetic and functional disability, c) a measured femoral
anteversion in excess of 50o, d) deformity greater than 3 standard deviations
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from the mean (that is; medial hip rotation beyond 85o and lateral rotation <10o)
and e) a family that is aware of the risk of the procedure 1,5,16,25,28.

In patients with torsional malalignment syndrome (a combination of femoral
anteversion and lateral tibial torsion), which may result in the axis of knee
motion being medially rotated, patellofemoral malalignment, chondromalacia,
and patella subluxation, or dislocation; operative correction is not advisable as it
will involve double osteotomies. Conservative management is rather
recommended except in very severe symptomatic cases.28

2.3

SCOPE OF THE STUDY.

This is a cross-sectional descriptive study of the variations in angular (tibiofemoral
angle) and rotational(hip rotation and thigh-foot angle) profile of the lower limbs
of asymptomatic Nigerian children aged 3-8 years in Lagos, Nigeria.

2.4
2.4.1

OBJECTIVES OF THE STUDY
General
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To determine using clinical methods, the normal range of physiological changes
in the angular and rotational profile of the lower limbs of children in different age
groups between ages 3-8 years in our environment.

2.4.2

Specific Objectives

 To measure using clinical methods: a) The tibiofemoral angle, b) The
intermalleolar/intercondylar distances, c) The thigh-foot angles d) Lateral
hip rotation angles and c) medial hip rotation angles of Nigerian children
aged 3-8 years in Lagos metropolis.
 To calculate the total hip excursion of each lower limb as a sum of the
medial and lateral hip rotation angles.
 To compare results of findings in this study with both local and
international ones and thus establish similarities and/or differences that may
exist with possible explanations.
 To determine any correlation between angular and rotational profile in the
children within the study age group.
 To further confirm the relationship between tibiofemoral angle and
intermalleolar/intercondylar distances.
 To establish any difference in these parameters between the right and left
lower limbs.

2.5

JUSTIFICATION FOR THE STUDY.

 As parents and guardians are getting more enlightened in our environment,
children presenting with angular and rotational problems are getting more
frequent in our clinics. The need to establish a routine clinical way of
assessment with reference data cannot be over emphasized.
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 The fact that both angular and rotational problems may co-exist in the same
child emphasizes the need to establish a routine clinical assessment regimen
for both problems at presentation.
 Comparison of the results obtained in this study with both local and
international studies will help to highlight any specific similarities and
differences that may need to be borne in mind in our routine clinical
practice.
 The outcome of this study will assist in clinical decision making and help to
prevent subjecting every patient that presents to unnecessary and often
costly investigations and treatments that may even be potentially harmful to
the patient.

CHAPTER 3
SUBJECTS, MATERIALS AND METHODS
This is a cross-sectional descriptive study that involved
the measurement of:
a) The tibiofemoral angles ,
b) The intermalleolar/intercondylar distances,
c) The thigh-foot angles,
d) Lateral and medial hip rotation angles and
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e) The calculation of total hip excursion as the sum of the lateral and
medial hip rotation values in 600 (1200 lower limbs) asymptomatic
Nigerian children aged 3-8 years (age last birthday e.g. age “3
years” = 3 years to < 4 years) in Lagos metropolis.
Two local government council areas were selected by balloting system
of random sampling.40,43 The list of public and private nursery schools
in the selected council areas were obtained from the Local Government
Education Authorities (LGEA) where consent was also obtained for the
study.
With the list of schools as a sampling frame, systematic random
sampling was used to select six private Nursery/Primary schools and six
public Nursery/Primary schools (see Appendix 2), after balloting to
determine the starting point and calculating the sampling interval from
the number of schools in the list.42,43. For example, out of the list of 74
private Nursery/Primary schools in the area (sampling frame), starting
from the 3rd school, every 12th school was selected to get the 6 schools
needed. The number 12 was determined by dividing 74 by 6 (no of
schools needed) while balloting was done to pick the number 3 from the
first 12 schools on the list.
At the selected schools a list of children that fell within the study age
group arranged in alphabetical order using their surnames, was obtained
after consent had been given by the school authorities and
Parent/Teachers Associations. Using the list as a sampling frame, the
required number of subjects (50 from each school) was selected by
systematic random sampling as described above.42,43.

Data were collected between August 2007 and January 2008 using the
proforma in appendix 1. All measurements were personally done by me.
Intra-observer variation was assessed by measuring all the parameters
40

repeatedly in 6 children (aged 3, 4, 5, 6, 7, & 8 years) alternate daily for
two weeks. The average standard deviations were: 2.1o, 0.4cm, 4.0o,
2.8o,

and

3.2o

respectively

for

the

tibiofemoral

angle,

intermalleolar/intercondylar distances, thigh-foot angle, medial and
lateral hip rotation.

3.1

SAMPLE SIZE

The Yaro Yamane formula (in Uzoagulu)44 was used to calculate the
sample size:
n = (Z/e)2 (P)(1-P).

n = Sample size,

Z = Standard Score i.e. the level of confidence given-(1.96 or 95%.)

e = Proportion of sample errors which is 0.05 here.

P = Estimate of % success-80% or 0.8 here.

q = (1-P) which is % failure, 0.2 here.
Therefore Sample size, n = (1.96)2 (0.8)(0.2)/0.052 = 246

However, in order to make this study more valid and improve on its statistical
significance, the sample size was increased to 600.

3.2.

Measurement

Of

Tibiofemoral

Intercondylar/Intermalleolar Distances:
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Angle,

And

The method used by Cheng et al3 and also Arazi20 et al was used in this study.
The child in underpants with the lower limbs exposed from the groin down (a
male or female chaperon was present as applicable), was made to stand erect
with the hips in neutral extension and rotation and the knees fully extended
with the patellae pointing forward.
The knees or ankles were positioned with the condyles or malleoli touching
each other.
The axes of the femur (up to the midthigh) and tibia (down to the mid ankle)
were palpated and marked with a marker on the skin. The centre of the patella
and that of the ankle were also marked on the skin. A standard goniometer (
with attached extensible arms) centred on the patella, was then used to measure
the tibiofemoral angle with the arms(extended as required) directed on the axes
of the femur and the tibia as marked out on the skin earlier for each lower limb.
Varus angles were recorded as positive (+) angles while valgus angles were
recorded as negative (-) angles.
In the same position, the intercondylar (IC) or intermalleolar (IM) distances
were taken with an inextensible tape measure and recorded in centimeters as
positive or negative values repectively.3,20(see. Pic. 1-4)
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PIC.1 POSITION AND SKIN MARKINGS FOR THE MEASUREMENT
QF TIBIOFEMORAL ANGLE, IM AND IC DISTANCES.
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PIC 2.MEASURING TIBIOFEMORAL ANGLE (LT)

PIC.3 IM DISTANCE

PIC.4 IC DISTANCE
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3.3 Measurement Of Thigh-foot Angle And Hip Rotation
The thigh-foot angle was measured using the method of Cheng et al3.
The child was positioned prone on a firm couch, with the pelvis stabilized by
strapping and position further maintained by an assistant. The knees were
flexed to 90o with the ankles in neutral position. The examiner stood at the leg
end of the table and looked down vertically on the axes of the foot and the
thigh and using a goniometer placed on the sole of the foot with the arms
directed at the foot and thigh axes, measured the angle between the thigh and
the foot axes (thigh-foot angle). In-toeing angles (medially directed), were
recorded as negative (-) angles while out-toeing angles were recorded as
positive (+) angles.(see Pic. 5 & 6).

For the hip rotation measurement, the above position was maintained, and
measurements were taken by rotating the legs medially (for external or lateral
hip rotation), and laterally (for internal or medial hip rotation), to levels that
could be maintained by gravity alone. Medial rotation of the hip was measured
rotating both legs laterally at the same time while lateral rotation was measured
by rotating one leg medially at a time. Measurements were done using a
standard goniometer looking cephalad from the leg end of the table with one
arm of the goniomter on the horizontal plane and the other arm on the direction
of the leg. The angle between the rotated leg and the vertical plane at the midline, was recorded as the angle of rotation.(see Pic. 5,7 & 8)
Total hip excursion was calculated as a sum of the lateral and medial hip
rotation angles for each lower limb.
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PIC.5. POSITION FOR MEASUREMENT OF THIGH-FOOT ANGLE
AND HIP ROTATION.
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PIC. 6. MEASUREMENT OF THIGHFOOT ANGLE (LT).
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PIC 7. MEDIAL HIP ROTATION ANGLE (RT)

PIC 8. LATERAL HIP ROTATION ANGLE (RT)
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3.4

INCLUSION CRITERIA
 Children between the ages of 3 and 8 years who are Nigerians
residing in the study area (reasons for age range selection below)*.
 Children with no past history of significant musculoskeletal injuries
or surgeries or disease on the lower limbs.
 Children whom on physical examination had no gross features of
musculoskeletal disorders or growth retardation.
 Children who cooperated by carrying out the basic instructions
needed to measure the parameters in this study.
 Children for whom consent had been given by both the school
authorities and the parents/teachers association.

3.5

EXCLUSION CRITERIA
 Children less than 3 years or more than 8 years of age.(age last birth
day).
 Children with evidence or history of musculoskeletal/neurological
disorder affecting the limbs.
 Children who are non Nigerians residing in the study area.
 Children with significant (>2cm) limb length discrepancy.

*The age range for this study has been limited to 3-8 years for the following
reasons:
- Age three is about the minimum age at which children are matured
enough to cooperate and carry out the basic instructions needed for the
measurements taken.
- Many authors agree that changes that occur in these parameters after the
age of 8 years are minimal and as such any significant deformity after 8 years
should be treated.1,5,16,25,28.
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- The limited time of residency programme also necessitated restricting this
study to this age group as more time will be needed to cover the whole paediatric
age group which will include secondary schools.
- In addition, the finance and logistics involved in this study has been quite
enormous and challenging for an ordinary resident like me even with the selected
age group. Without any external support, involving other age groups in the
secondary schools is quite difficult for me now.
- Records in my institution (National Orthopaedic Hospital, Lagos) and that
at the National Orthopaedic Hospital, Enugu9 reveal that many corrective
osteotomies are done within this age group hence, the particular need to provide
clinical reference data for this age group.
-

Finally, the 8 years cut off forms a reasonable point at which a

complimentary study can be carried out in future which I am particularly
interested in doing.

LIMITATIONS OF THE STUDY
 Time was a great limitation in this study given the restricted period allowed
for the residency training programme. This limited the sample size, age
group and area covered as one has to complete this study within the
specified period to meet up with examination and institutional
requirements.
 Similarly, finance and logistics posed an almost insurmountable problem
during the course of this study as one has to restrict the area covered, age
group covered, and sample size to what is achievable with the money
available.
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3.6

DATA HANDLING

The subjects were divided into six different age groups.
The Statistical Package For Social Sciences (SPSS) version 12 software
was used for data handling and analysis. This computer software has been
chosen because of its versatile applicability in various social, health and
other scientific and educational studies. Data generated in this descriptive
study were quite amenable to the variety of statistical measures and tests
contained in the software.
In all statistical tests, the null hypothesis was rejected at p<0.05.
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CHAPTER 4
RESULTS
Six hundred children aged 3-8 years were studied giving a total of 1200 limbs. Of
this 311 were females and 289 were males. The age and sex frequency distribution
is as shown in table1. and bar chart (fig 1) below.

Table 1.

Age In Years/Sex Cross Tabulation

SEX
Age In Years
3

Total

Male

Female

36

39

75

4

52

55

107

5

55

50

105

6

45

49

94

7

56

62

118

8

45

56

101

Total

289

311

600

52

SEX

70

Male
Female
60

50

No. of
Subjects

40

t

30

20

10

0
3

4

5

6

7

8

Age In Years

Fig 1. Bar Chart Showing Frequency Distribution, Age and Sex
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TIBIOFEMORAL ANGLE

A maximum valgus angle of 8.4o + 7.2o was observed at age 3 years. This
gradually decreased to 3.5o + 8.6o at the age of 8 years. Of the six hundred
children, only 1 varus inclination was observed at age 3 years, 4 were observed at
age 4 years, 3 at age 5 years, 9 at age 6 years, 13 at age 7 years and the highest
number 20 at 8 years of age giving a total of 50 children (8%) with varus angle..
Table 2 below shows the tibiofemoral angle values for the six age groups + 2
Standard deviations (SD). The graph in fig.2 also depicts the progression.

Table 2. Mean Tibiofemoral Angle+ 2SD (Rt. & Lt. Combined)
AGE IN YEARS
MEAN TF ANGLE
MEAN +2SD
3
-8.4
-1.3
4
-7.7
-1.1
5
-6.5
0.2
6
-5.1
2.2
7
-5.2
2.5
8
-3.3
5.2
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MEAN -2SD
-15.6
-14.4
-13.1
-12.3
-13.0
-12.0

TFA PLUS 2
SD
5.00

TFA MINUS 2
SD
MEAN TFA
FOR AGE
GROUPS

0.00

-5.00

Mean
Tibiofemoral Angle
In Degrees
-10.00
Nbnmmm bnn b

-15.00

3

4

5

6

7

8

Age in Years

Fig.2 MEAN TIBIOFEMORAL ANGLE IN DEGREES VERSUS AGE IN YEARS.

Comparison of the mean values of tibiofemoral angles in the age groups between
right and left lower limbs did not show appreciable differences between both
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limbs (Table 3)., although in all the age groups the mean for the left tended to
show more valgus inclination. However, application of the paired t-test to the
whole group data showed a significant difference between both lower limbs (p
<0.027) indicating that even in normal individuals the limbs are not exact mirror
images of each other. Values from both left and right however, showed a very high
degree of correlation (r=0.971) and p<0.0001 thus, the mean of the two sides were
still used for most of the computing.

TABLE 3. MEAN TIBIOFEMORAL ANGLE FOR RIGHT AND LEFT IN THE
AGES STUDIED
AGE IN YEARS
3
4
5
6
7
8

MEAN TF ANGLE(RT)
-8.4
-7.7
-6.4
-5.0
-5.2
-3.3

MEAN TF ANGLE(LT)
-8.50
-7.7
-6.5
-5.0
-5.3
-3.5

.

INTERCONDYLAR/INTERMALLEOLAR DISTANCES

A maximum mean intermalleolar distance of 2.5cm + 3.4cm valgus was observed
at age 3 which gradually decreased to a valgus of 0.7+ 3.3cm at 8 years of age.
The mean values for the ages + 2 Standard deviations (SD) are as shown in table 4
below. The trend is also obvious in the graph in fig. 3.
Table 4. Mean Intercondylar/Intermalleolar Distance + 2SD
AGE IN YEARS
3
4

MEAN IC/IM
DISTANCE
-2.5
-2.1
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MEAN +2SD

MEAN -2SD

0.9
1.0

-5.9
-5.2

5
6
7
8

-1.7
-1.1
-1.3
-0.7

1.2
1.5
1.8
2.6
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-4.6
-3.7
-4.4
-4.0

MEAN
INTERCONDYLAR/I
NTERMALLEOLAR
DIST.

4.00

INTERCONDYLAR/I
NTERMALLEOLAR
DIST.+2SD

2.00

INTERCONDYLAR/I
NTERMALLEOLAR
DIST.-2SD

0.00

jbjhjnbnnb

Mean
IC/IM
Distance
In cm

-2.00

-4.00

-6.00

3

4

5

6

7

8

Age In Years

Fig. 3. Mean Intercondylar/Intermalleolar (IC/IM) Distance + 2SD Versus Age In
Years.

The intercondylar/intermalleolar distance, is further confirmed in this study to be
highly correlated with the tibiofemoral angle with a Spearman correlation
coefficient of r=0.765 and p<.0001.
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THIGH-FOOT ANGLE

Most of the children (98.2%) within the age group studied exhibited a lateral (outtoeing) thigh-foot angle. Only 11(1.8%) out of the 600 children studied showed an
in-toeing thigh-foot angle. A mean angle of 4.4o+ 8.1o was found in the 3 year old
group which gradually increased to 9.4o + 7.3o in the 8 year old group. On the
average females exhibited 0.5 to 1o more out-toeing than males. There was also
significant difference between both sides using the paired t-test (p< 0.031).
However, the two sides are also highly correlated (r=0.978) and p<0.0001.and as
observed above, have been computed together. Table 5 and the graph in fig. 4
below show the trend.

Table 5. Mean Thigh-foot Angle + 2SD For The Ages Studied
Age In Years
3
4
5
6
7
8

Mean Thigh-foot
Angle
4.4
6.0
6.5
7.4
8.4
9.4
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Mean +2SD

Mean -2SD

12.5
12.3
13.0
15.0
17.0
17.0

-3.7
-0.4
-0.0
-0.3
-0.3
2.1

MEAN
THIGH/FOOT
ANGLE FOR
AGE GROUPS

20.00

THIGH/FOOT
ANGLE +2SD
THIGH/FOOT
ANGLE -2SD

15.00

10.00

5.00

Mean
Thigh-foot
Angle In
Degrees

j
m
m

0.00

-5.00

3

4

5

6

7

Age In Years

Fig 4. Mean Thigh-foot Angle + 2SD Versus Age In years.
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8

LATERAL HIP ROTATION

There was a gradual decrease in lateral hip rotation for both sexes with age. A
mean value for both sides of 43.5o+ 18.6o was obtained at 3 years of age. This
decreased to a mean of 38.5o+ 14.5o at 8 years of age. The left hip exhibited on the
average about 4o more lateral rotation than the right within the age groups.-see
table. 6 below. Boys also showed an average of 3o more lateral hip rotation than
girls. Fig 5 shows a plot of age in years versus a combined mean.

Table 6. Mean Lateral Hip Rotation(Rt &Lt) Compared.& Combined Average +
2SD.
Age In
Rt. Lat.
Lt Lat. Hip
Combined
Av. +2SD
Av. -2SD
Years
Hip.Rotation Rotation In Average Lat.
In Degrees
Degrees
Hip.
Rotation In
Degrees
3
41.4
45.4
43.5
62.1
24.8
4
42.1
45.7
43.8
59.0
28.6
5
40.5
44.8
42.6
57.0
28.2
6
40.7
43.9
42.7
59.8
25.6
7
39.8
43.4
42.1
58.9
25.2
8
37.0
40.2
38.5
52.8
24.1
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COMBINED
LATERAL HIP
ROT.(RT,LT,
BOTH SEXES)
60.00

LATERAL HIP
ROT.-2SD
LATERAL HIP
ROT.+2SD

50.00

Av. Lateral Hip
Rotation In
Degrees.
Value

40.00

30.00

20.00

3

4

5

6

7

8

Age In Years

Fig. 5. Combined (Rt. & Lt), Average Lateral Hip Rotation + 2SD Versus Age In
Years.
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MEDIAL HIP ROTATION

Medial hip rotation on the other hand, gradually increased for both sexes and sides
from a mean of 35.7o + 20.6o at 3 years to a mean of 44.3o + 20.7o at the age of 8
years. The right hip showed an average of 4-5o more medial rotation than the left
(see table 7). In all the age groups females exhibited a mean of about 7o more
medial rotation than males. Fig. 6 is a graph showing the combined general trend.

TABLE 7. Mean Right & Left Medial Hip Rotation Compared.& Combined
Average.+ 2SD
Age In
Years

3
4
5
6
7
8

Av. Rt Med. Av. Lt. Med. Rt. & Lt.
Av.+2SD
Hip Rotation Hip Rotation Av. Med.
In Degrees
In degrees
Hip Rotation
In Degrees
37.2
32.5
35.7
56.3
39.0
33.5
36.3
55.8
41.3
35.9
39.2
58.3
42.3
36.4
39.3
59.4
45.9
40.1
43.0
61.8
46.8
41.7
44.3
65.1
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Av.-2SD

15.1
17.8
20.3
19.3
24.2
23.6

COMBINED
MEDIAL HIP
ROT.(RT,LT,
BOTH SEXES)

70.00

MEDIAL HIP
ROT.+2SD

60.00

MEDIAL HIP
ROTATION -2
SD

50.00

40.00
Mean

30.00

Av. Medial
Hip Rotation
In Degrees

20.00

10.00

3

4

5

6

7

8

Age In Years

Fig. 6. Mean Medial Hip Rotation (Rt. & Lt. Combined) + 2SD Versus Age In Years
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TOTAL HIP EXCURSION

There is a marginal increase as age increases among the ages studied. A
combined mean of 78.8o + 18.4o was observed at 3 years with a marginal increase
to 82.2o + 23.9o at 8 years of age. As shown in table 8, there is about 1-2o more
total hip excursion on the right than the left. On the average the girls also exhibited
a higher level of excursion (4-5o) than the boys in all the age groups. Table 8
shows the comparison and Fig.7.displays the trend for a combined mean of the age
groups.

Table. 8. Right & Left Total Hip Excursion Compared.& Combined Average + 2SD
Age In
Years

3
4
5
6
7
8

Av. Rt.
Total
Hip
Exc.In
Degrees
78.6
81.2
81.8
82.9
85.7
83.0

Av.Lt.
Total
Hip Exc.
In
Degrees
77.9
79.2
80.1
80.6
83.3
81.2

Combined (Rt&Lt)
Av.Total Hip Exc. In
degrees.

78.8
80.0
81.6
81.9
85.0
82.2
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Com.Av.+2SD Com.Av.
-2SD

97.3
98.2
99.9
103.9
105.5
106.1

60.4
61.7
63.4
60.0
64.5
58.3

Av. Total
Hip
Excursion
In Degrees

Age In Years

Fig. 7. Average Combined (Rt & Lt) Total Hip Excursion Versus Age In Years.
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RELATION BETWEEN KNEE ANGLE AND ROTATIONAL PROFILES.

Using linear regression analysis, the relationship between knee angle (tibiofemoral
angle) and the rotational parameters (thigh-foot angle, medial hip rotation, lateral
hip rotation and total hip excursion) was ascertained. The results displayed in
tables 9a and 9b indicate a significant positive correlation between tibiofemoral
and thigh-foot angle (p<0.031). There was no significant correlation with other
rotational parameters.

Table. 9a.

Model
1

ANOVA
Sum of
Squares

Regressio
n
Residual

df

Mean Square

597.520

4

149.380

9124.180

595

15.335

F

Sig.

9.741

.000(a)

Total

9721.700
599
a Predictors: (Constant), AVERAGE TOTAL HIP EXCURSION, MEAN THIGHF00T ANGLE, MEAN
LATERAL HIP ROTATION, MEAN MEDIAL HIP ROTATION
b Dependent Variable: MEAN TIBIOFEMORAL ANGLE

Table. 9b.

Coefficients
Unstandardized
Coefficients

Model
1

(Constant)
MEAN
THIGHF00T
ANGLE
MEAN
LATERAL
HIP
ROTATION

Standardized
Coefficients

B
-4.234

Std. Error
1.342

.088

.041

-.093

.084
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Beta

t
-3.155

Sig.
.002

.088

2.165

.031

-.188

-1.108

.268

MEAN
MEDIAL HIP
.034
.083
ROTATION
AVERAGE
TOTAL HIP
.002
.081
EXCURSION
a Dependent Variable: MEAN TIBIOFEMORAL ANGLE

.087

.413

.679

.006

.030

.976

CHAPTER 5
DISCUSSION
Rotational and angular problems in children are common in our clinics. Many
researchers both locally and internationally have shown that most of these
perceived problems and variations are normal and would not need treatment as
also alluded to in this study. 3,5,6,7,8,9,10,11,12,14,19,20 .

The knee angle has been found to be of varus inclination at birth, neutral at 18-24
months, maximum valgus at 3-4 years followed by a less dramatic reduction to a
lesser degree of valgus in adult life.
In this study, a maximum valgus tibiofemoral angle was found at the age of 3
years (8.4o+7.2o). Badru8 and Oginni et al9, Cheng et al3 and Salenius and Vankka6
also reported similar findings. Badru8 and Oginni et al9 at Ilesa, reported a valgus
inclination of 7.1o+1.7o at 3 years while Cheng et al3 reported a maximum valgus
of 8o in Chinese children at 3.5 years of age. Salenius and Vankka on the other
hand, found a maximum valgus of 10o-11o at 3-4 years of age in Finnish children.
In contrast, Arazi et al reported a maximum valgus of 11o at ages 6 and 7 years
for boys and girls respectively20 in Turkish children while Omololu et al10 in
Ibadan reported a constant valgus angle of 11o at ages 1-10 years. It is important
to note that while in most other studies including this one both varus and valgus
angles were computed together, Omololu et al computed the two separately
making comparison of their results with others difficult.
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At 8 years of age the valgus angle had decreased to 3.4o+8.6o in this study. Badru8
and Cheng et al3 reported a valgus angle of 5.5o and 1o respectively in the same
age group in their studies.
Most authors did not report differences between the right and the left lower limbs
as recorded in this study. However, Oginni et al9 noted in their study that the left
showed 1o more valgus than the right. That the two limbs are not exact mirror
images of each other is also obvious in the normogram in the publication by
Omololu et al10. The left showed more valgus in this study.
It is nevertheless, pertinent to note that methods of measurement, the precision of
such methods and observer variation might contribute to the observed differences.

The intercondylar/intermalleolar distance has been reported by various authors to
be well correlated with the tibiofemoral angle and has been suggested by many as;
an alternative way of indirectly assessing knee angles3,6,8,10,11,14,20 .
A mean valgus intermalleolar distance of 2.5cm at 3 years that decreased to 0.7cm
at 8 years was observed in this study. Cheng et al observed an intermalleolar
distance of 2.8cm at 3 years which decreased to 0cm+3cm at age 8.
A combined (boys & girls) correlation coefficient of r= 0.765 between the
intercondylar/intermalleolar distance and the tibiofemoral angle was found in this
study. Cheng et al3 reported a value of r= 0.71 for boys and r= 0.74 for girls in
Chinese children while Harcourt11 reported a correlation coefficient r =0.77 in
Enugu and Cahuzac et al14 found r=0.82 and r=0.74 for boys and girls respectively
in European children. A lower degree of correlation was recorded by Arazi et al20
in Turkish children(r=0.40 for boys and r= 0.43 for girls).
Different views have been expressed on which of the two parameters to use
routinely for knee angle assessment. While Cheng et al3 feel that the
intercondylar/intermalleolar distance is simple and quite reliable and thus should
be the one routinely used in clinics, Arazi et al20 and Cahuzac et al14 feel otherwise
i.e. tibiofemoral angle is better used.
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From this study, one would rather opine that both measurements are good for
assessment of physiological variations where the deformities are largely
symmetrical. The use of intercondylar/intermalleolar distance becomes unreliable
when the deformities are not symmetrical, unilateral and of course in wind swept
deformities.
The method described by Cheng et al3 was used to assess the thigh-foot angle in
this study. As observed in other studies2,3,7, the mean thigh-foot angle increased
with growth in the age group studied from 4.4+8.1o at 3 years of age to 9.4+7.3o at
the age of 8. This is in line with the general observation that lateral tibial torsion
tend to occur with normal growth as reported by both Cheng et al3 and Staheli et
al7 in other races. The observation by Cheng et al of about 15o higher degree of
thigh-foot angle (lateral foot deviation) in Chinese children than in white
American Children and the Nigerian children used in this study can only be
attributed to racial differences as measurement methods were essentially the same.
What is abnormal in Nigerian children might thus be within the normal limit in
Chinese children.
The observed difference between the two sides in this study has not been reported
by other authors.

The generally observed trend of decreasing lateral hip rotation with growth in the
age group studied as reported by other researchers3,7, was also found in the present
study. Staheli et al7 reported a mean of 55o lateral hip rotation at 3 years with a
decrease to 40o at 8 years while, Cheng et al3 recorded 40o and 30o at 3 and 9 years
respectively. A combined mean lateral hip rotation of 43o was observed in this
study at 3 years of age which reduced to 38o at 8 years. It is clear that though, the
trend is similar, the degree of variation is also different her. That this trend of
reduction in lateral hip rotation with growth tend to contrast the fact that femoral
neck anteversion usually decrease with growth has been appropriately explained
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by Cheng et al3 who opined that soft tissue contractures around the hip and
acetabular inclination also contribute to hip rotation. Boys showed an average of
3o more lateral hip rotation than girls in this study. Cheng et al reported a lower
difference of 2o in boys more than girls. Hormonal and sex related factors may be
responsible for this. The observed 4o more lateral hip rotation in the left than in the
right lower limb needs more investigation by other researchers for further
corroboration.
Medial hip rotation in this study increased from a combined average of 35.7+20.6o
at 3 years to 44.3+20.7o at 8 years. Girls showed a mean of about 7o more medial
rotation than boys for the same age group while there was an average of about 4-5o
more medial rotation in right than in the left hip. Both the gradual increase in
medial hip rotation with growth in this age group and the higher degree of medial
hip rotation displayed by girls than boys have been reported earlier by Cheng et al3
and Staheli et al7 in their studies on Chinese and Caucasian American children
respectively. However, this study showed that on the average Nigerian children
exhibited about 4-5o less medial hip rotation than the white American children
studied by Staheli et al7. An even higher degree has been reported by Cheng et al3
in Chinese children. Both environmental and genetic factors might be implicated
here.
Chinese children studied by Cheng et al3 displayed an overall mean total hip
excursion of 80o for boys and 83o for girls while Staheli et al7 reported an average
range of 95-110o for both sexes in Caucasian American children after the age of
two years. A mean total hip excursion of 79.3o for boys and 83.7o for girls was
obtained in Nigerian children in this study. The observed higher total hip
excursion in girls than boys might be due to sex related genetic and hormonal
factors that may account for more soft tissue laxity.
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About 1-2o more total hip excursion was observed in the right than the left hip in
this study. This might be due to the simple fact that most persons in this
environment are right handed/legged which would tend to confer more flexibility
on the soft tissues.

Significant positive correlation between tibiofemoral and thigh-foot angle has
been noted in this study, though not documented in other studies. This observation
is however, not quite surprising as the association of extremes of genu valgum and
genu varum with out-toeing and in-toeing respectively has been widely
documented. Tibial torsion often found in these extreme conditions also serves to
further explain this interesting observation.
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CONCLUSION/RECOMMENDATIONS
The fact that most of the observed changes in the rotational and angular
parameters of the lower limbs in children with growth are largely physiological
and as such will not need treatment has been further confirmed in this study.
A maximum mean valgus tibiofemoral angle of 8.4o was recorded in this study
which decreased to 3.4o at 8 years.
With growth, the thigh-foot angle becomes more lateral, medial hip rotation
increases while lateral hip rotation decreases but total hip excursion changes
minimally in Nigerian children.
Significant difference between the right and the left lower limbs in these
parameters has been noted although values from both sides are highly correlated.
The values obtained in Nigerian children in this study, showed some basic
similarities and differences between them and children from other environments
which need to be borne in mind by Orthopaedic surgeons and other physicians
treating children in this sub-region.

Figures documented in this study should serve as a clinical reference data to guide
decision making the management of children presenting with angular and
rotational problems in this environment.
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It is also recommended that more work be done in this sub-region on this subject
especially on the rotational profile to cover other age groups and further confirm
some of the findings in this study.
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APPENDIX 1.
DATA COLLECTION FORM
Name Of School :……………………………………………………………
Date :…………………………………………………………………………

BIODATA
Name :………………………………………………………………………..
Age :………………………………………… D.O.B.( …

)

Sex:………………………………………………………………………….

TF Angle :

Rt.

Lt.

IM/IC Distance :………………………………………………

Thigh-foot Angle :

Rt

Lt.

Hip Rotation
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Lateral :

Rt.

Lt. .

Medial :

Rt

Lt.

Remarks:……………………………………………………………………………
………………………………………………………………………………………

APPENDIX 2.
LIST OF SCHOOLS USED.
1) ADIEFE PRIMARY SCHOOL, BARIGA.
2) PEDRO PRIMARY SCHOOL, PEDRO.
3) BAPTIST PRIMARY SCHOOL, SOMOLU.
4) ST. AUGUSTINE PRIMARY SCHOOL,BASUA.
5) LANTANA NURSERY/PRIMARY SCHOOL, GBAGADA.
6) CMS PRIMARY SCHOOL, BARIGA.
7) ABDEK NURSERY/PRIMARY SCHOOL, SOMOLU.
8) WURAVILLE NURSERY/PRIMARY SCHOOL, SOMOLU.
9) ENGREG SCHOOLS, BARIGA.
10) CROWN GATE SCHOOLS, SOMOLU.
11) WESTERVILLE NURSERY/PRIMARY SCHOOL, PEDRO.
12) OKEMETA PRIMARY SCHOOL, SOMOLU.
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