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Sample: Gender Differences
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The main aim of the study was to 1dentify rotational and angular profile of the
lower extremities and to define the distribution of the angle deviations n terms of
gender and both right and left extremities in healthy nursery school children in
Denizli, Turkey. One hundred and four children (208 limbs) aged between 5 to 7
(mean; 5.65+0.46 years) were selected by multistage random sampling among
nursery schools in Demzli. To identify the rotational profile of the participants,
the following angles and motions were measured; the Tibiofemoral Angle, the
Thigh-foot Angle, the Calcaneal Angle, external and internal rotation of the hip
at three different positions, the Transmalleoler Axis Angle and the Forefoot Varus
Angle. All tests were performed for both the right and left extremities using a
clinical goniometry. The results obtained from the study showed that the children
had normal range of motions concerning all rotational tests, except for internal
rotation of the hip joint. And there was not seen significant differences between
right and left extremities. On the other hand, when comparing the girls and the
boys; no significant differences were detected. Otherwise, it was found that there
was a significant difference between both sexes in terms of the Ryder’s test
scores (the part of external rotation) belonging to the left extremities (p<0.01).
That’s why; the children who have reached walking age and completed derotation
of the foot of their feet should be examined carefully in term of rotational profile.
Namely, to predict the rotational problems in the lower extremities provides us to
prevent the deformity and gives us opportunities to correct at early stage. The
current study shows that gender and extremities differences concerming the
rotational and the angle deviations were not seen in the sample based on Turkish
nursery school children.

Key words: Nursery school children, lower extremities, gender, rotational profile,
angular deviation
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INTRODUCTION

Lower extremity rotational and angular deviations are
usually seen in pediatric population and lead to postural
deformities, ambulating distribution and even injuries' .
The rotational deviations take form as a result of
biomechanical problems of foot, knee and pelvic structure.
If the problems are not identified and prevented they may
cause more severe problems in years'.

If the rotational problems of the lower extremities are
not prevented and excess normal physiological limits they
lead to torsional deformities in healthy subjects. Thus
proper conventional treatment and surgery procedures
should be selected to correct related joints problem which
doesn’t improve spontaneously during growing period of
the children. In a study, Levine and Drennan screened
radiographically the cluldren between 4-8 vears period
(middle childhood) and then they pointed out that valgus
deformity at knee should be detected carefully whether 1t’s
in normal physiological limits™.

Most rotational variations in young children, such as
in-toeing, out toeing and metatarsus adductus are being and
resolve spontaneously. Understanding the normal variation
in healthy children is vital to identify true structural
abnormalities that require intervention'™.

Before focusing on the rotational and angular problems
and its treatment procedures, a physiotherapist should
evaluate and get some knowledge about musculoskeletal
system. And she/he must be sure that the system 1s n
normal  limits. To evaluate a cluld with rotational
abnormality, health providers should begin by assessing the
rotational profile. The rotational profile provides the
information needed to establish a diagnosis and quantify
the severity of the rotational problem.

The main aim of the study was to examine the rotational
and angular deviation of the lower extremities in nursery
school children. The other was to define the distribution of
the angle deviations by both gender and limbs.

MATERIALS AND METHODS

The present study is a cross-sectional and comparative
study. The study was conducted i Denizli province, Turkey
between 2003-2004 years under supervision three tramned
physical therapists, who had at least three years experience,
from School of Physical Therapy and Rehabilitation at
Pamukkale University. One hundred and four healthy
nursery children (58 girls, 46 boys, average age 5.65+0.46
vears), recruited from private nursery schools in  that
region, were studied. The inclusion criteria were: pre-
school children between 5-7 years old and children who had
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no any kind of musculoskeletal, neurological or
developmental abnormalities. Preliminary data including
the child’s name and mckname, sex, date of birth and
present age, weight, height and Body Mass Index score
(BMTI) were recorded.

The rotational and angular deviations of the lower
extremities data: To define the rotational and angular
deviations of the lower extremities (208 limbs of the
104 subjects) belonging to the nursery school children
who were studied in the current study, we assessed all
subjects in terms of seven parameters as follows:

Thigh-foot angle: The Thigh-Foot Angle was measured
while the children on supine position at knee 90° flexed
and the foot was free. One arm of the gomometry was
positioned through thigh shaft and the other arm was
positioned through long shaft of the foot and then the
angle between them was read and recorded in degree.
Transmalleolar axis angle: To measure The
Transmalleolar Axis Angle the subject was positioned
just as above. One arm of the gomometry was
positioned parallel to the transmalleolar axis the other
arm was positioned through the first phalanx of the
foot. The angle between them was read and recorded in
degree.

Q Angle: The Q Angle was measured while the subject
Wwas on supine position at knee full extension. One arm
of the gomometry was positioned through a line over
the anterior superior iliac spine of the pelvis and center
of patella and the other arm was positioned through the
center of patella and the tibial tubercle. The angle
between them was read and recorded in degree.

Forefoot varus angle: In the measurement of The
Forefoot Varus Angle, pivot point of the gomiometry
was positioned on calcaneus middle point and the
subject was 1n prone position with knee 90° flexed and
the foot was free. One arm of the goniometry was
parallel to a line along middle of the heel and the other
arm was positioned run through axis of the second toe.
The angle between these two arms were read and
recorded in degree.

Calcaneal Angle (rear-foot angle): The Calcaneal
Angle was measured while the subject was 1n standing
position. One arm of the goniometry was positioned
parallel to the floor the other arm was positioned as
parallel to the calcaneal middle line. The angle between
them was read and recorded in degree.



J. Med. Sci., 5 (4): 344-349, 2005

Internal and external rotation of the hip (in sitting position
and lying position: The ranges of motion including internal
and external rotation of the hip were measured m both
sitting and supine positions with the knees 90° flexed. One
arm of the goniometry was positioned vertically to the floor,
the other arm was positioned parallel to tibial crista the
subject was asked to perform internal and external rotation
(actively) as much as he/she can do it. And then the active
mternal and external movements of the hip joint were
recorded in degree.

The Ryder’s test: The magnitude of femoral torsion is
measured as the angle formed by the transverse plane
mtersection of the femwur’s proximal reference axis and lateral
reference axis while a child positioned at supme with the
knee flexed to 90°. One arm of the goniometry was
positioned vertically to floor and the other arm was parallel
to tibial crista. After palpating tuberculum major, mnternal
and external rotations were performed passively by physical
therapist till tuberculum major couldn’t be palpated any
more. At this point the angle was read and recorded in
degree.

All of the lower extremities measurements were
performed using a climcal goniometry. As known, the
clinical goniometry is common used by health providers
such as physical therapists, orthopedic surgeon,
occupational therapists etc.'™.

Data analysis: A total of 104 healthy nursery school
children’ results were given as number and its percentage
(%) and also m this cross-sectional study, the results were
given by gender. Descriptive results were given as
meantstandard deviation (mean+SD). The student-t test and
paired sample t-test were also used to look the differences
between both sexes and the lower extremities. All data were
computed and calculated using SPSS for Windows
statistical program (10.0 version). p<0.05 was accepted
statistically significant.

Table 2: The comparigson of rotational measurements of the sample by gender

Table 1: Demographic and physical data of the sample by gender

Bays( n=46) Girls (n=58) Overallin=104)
Characteristic Mean+SD MeantSD Mean+SD
Age (year) 005.52+0.50 005.78+0.42 005.65+0.46
Height (cm) 115.79+5.62 115.2345.04 115.52+5.33
Weight (kg) 023.54+3.51 023.81+3.51 023.674+3.31
BMI (ke/cmy* 017.98+1.49 017.59+1.64 017.774£1.57
* BMI: Body Mass Tndex

RESULTS

One hundred and four healthy nursery school
children were analyzed m order to identify the
distribution of the lower extremities rotational and
angular deviation according to gender. Therefore two
hundred and eight lower extremities (right and left) of
the 104 participants were mvolved m the study. The
average age of all the subjects was 5.6320.48 years
(Table 1). There were detected among the subject’s
significant differences concerming hip joint internal and
external rotation, The Thigh-Foot Angle and The
Ryder’s Test. In the Table 2, the right and left lower
extremities of the girls were compared with each
other to describe differences; hip joint internal rotation
(actively) was seen higher m left side than right side
(p<0.001). Otherwise among boys it was not seen any
difference between left and right lower extremities
(p=0.05). The result of The Thigh-Foot Angle
measurements of the nght and left side of the boys were
different statistically (p<0.05). But there was no
significant difference among girls (p=0.05). At the same
time the Ryder’s test results showed sigmficant
differences among boys (p<0.01), but not among girls
(p=0.05). Table 3 shows that the results of the rotational
and angular parameters comparing the boys and girls.
It was not seen any differences except for the results of
the Ryder’s test. The difference concerning the Ryder’s
test was seen for the left extremity between both sexes
(p<0.01). On the other hand it was not seen any
difference regarding right extremities (p>0.05).

Girls (116 limbs)

Baoys (92 limbs)

Measurements* Right Left P~ -value Right Left p~-value
Thigh-foot angle 11.06+2.33 10.48+2.64 =0.05 11.02+2.32 10.30+1.90 <0.05
Transmalleolar axis angle 19.08+5.39 17.91+5.14 =0.05 18.56+6.01 18.17+5.33 =0.05
Q angle 10.50+3.54 12.96+1.73 =0.05 09.86+1.49 10.41+1.98 =0.05
Forefoot varus angle 03.98+1.06 3.72+£1.05 =0.05 03.91+1.18 03.84+1.11 >0.05
Calcaneal angle 08.8643.55 8.18+2.53 =0.05 07.804£2.75 08.32+£2.40 =0.05
In sitting position

Hip internal rotation 33.39+10.39 31.91+8.56 =0.05 34.76+9.53 32.52+£9.61 =0.05

Hip external rotation 27.53+7.98 27.32+8.15 =0.05 27.36+7.57 26.78+8.20 =0.05
Tn lying position

Hip internal rotation 52.204£15.02 58.58+13.36 <0.001 54.63£14.43 55.36+12.93 =0.05

Hip external rotation 590.44415.22 62.24+16.17 =0.05 63.52+12.98 67.17£15.69 =0.05
The ryder’s test

Hip internal rotation 34.39+14.82 35.18+16.57 =0.05 35.50+15.30 38.10+18.89 =0.01

Hip external rotation 44.60+19.81 45.86+19.16 =0.05 42.43+19.08 43.26+17.87 =0.05

* All data are illustrated as meanZStandard Deviation (SD) "~ Paired-sample t test was used
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Table 3: The comparison of the rotational measurements of the sample by gender

Right extremity (n=104) Left extremity

Measurement* Girl Boy F p" -value Girl Boy F P -value
Thigh-foot angle 11.06+£2.33 11.02+£2.32 0.0004 =(0.05 10.48+2.64 10.304£1.90 2302 =0.05
Transmalleolar axis angle 19.08+5.39 18.56+6.01 0.068 =005 17.91+5.14 18.17+5.33 0.005 =0.05
Q angle 10.50+£3.54 09.86+1.49 3415 =0.05 12.96+1.73 10.41+1.98 2.989 =0.05
Forefoot varus angle 03.98+1.06 03.91+1.18 0.007 =(0.05 3.72£1.05 03.84+1.11 0.008 =0.05
Calcaneal angle 08.86+3.55 07.80+£2.75 3.510 =(0.05 8.18+2.53 08.32+£2.40 0.043 =0.05
Tn sitting position

Hip internal rotation 33.39+10.39 34.76+9.53 0.004 =0.05 31.91+8.56 32.52+9.61 0.515 =0.05

Hip external rotation 27.5347.98 27.364£7.57 0.680 =(0.05 27.32+8.15 26.78£8.20 2.269 =0.05
In lying position

Hip internal rotation 52.20+15.02 54.63+14.43 0.186 =0.05 58.58+13.36 55.36+12.93 0.050 =0.05

Hip external rotation 59.44+15.22 63.52+12.98  1.219 =0.05 62.24+16.17 67.17£15.69 0.163 =0.05
The ryder’s test

Hip internal rotation 3439+14.82 3550£15.30  0.501 =0.05 35.18x16.57 3810+1882 1175 =0.05

Hip external rotation 44.60+19.81 42.43+19.08 1.327 =(0.05 45.86+19.16 43.26+17.87 7.887 <0.01

* All data are illustrated as mean+Standard Deviation (SD) “Indep endent-samples t test was used

DISCUSSION

Torsion 1s defined as the rotation of bone around
longitudinal axis. The rotational problems of lower
extremities are most common seen in children and mfants.
Environmental and physiological factors, such as the use of
unsuitable footwear in toddlers, allowing sitting in nternal
rotation position of hip, failure to reach normal level of
anteversion angle of the pelvis in relation with genetically
factors, lead to deformities and rotational deviations during
childhood and early adolescence period. These problems
may cause non-normal walking patterns, knee joint and low
back region deformities necessary
precautions and therapeutic approaches are applied™"?.

in adults unless

To know or to predict the physiological limits of the
rational angles provides us to understand the type of
pathologies. As known, torsional problems are related with
intrauterine position. In the intrauterine position, pelvis is
typically at flexion, abduction and external rotation. On the
other hand knee jomnts are at flexion, legs are at internal
rotation and the feet are at equines and supination. The
combination of the leg’s internal rotation and the hip
external rotation are seen when the children begin to wallk™.
The biomechanics alignment in a normal adult
constituted between 3-8 ages. The average tibiofemoral
angle (Q angle) is 15 degree with varus at birth. The Q angle
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decreases till 10 years old and becomes 10 degree. Neutral
alignments are constituted between 18-20 months. The
Q angle becomes 12° at valgus position between 3-4 years
old. The angle is similar to both girls and boys. But the
Q angle reaches its normal value at the age of 7-8M".
In several studies in the literature have been shown the
Q angle’s ranges in from 10° to 14° for male and from 14.5°
to 17° for female*'. In the present study we found that the
Q angle was 10.50° in right side and 12.96° in left side for
girls on the other hand in boys, it was 9.86° in right side and

10.41° in left side. These results obtained from the
current study show the similar the Q angle degree to
above mentioned studies. Similar results were also
reported by Arazi et al!'" from Turkey (mean Q angle
9.6° for boys, 9.8° for girls). Contrary to previous
studies, Hadari and Javid"® from Iran reported that the
mean Q angle was found 5.5+1.2° (ranging from 3.1°-
8.3°

In the literature, the hip rotation (internal and
external rotation) is 45° until first year of the life. In
addition, the internal rotation of the hip is 70° below in
normal situation. If it 1s between 70-80°, the rotation is
considered as mild, between 80-90° is accepted as
moderate and 90° and more is accepted as severe. The
mternal rotation of the hip reaches the highest level
between 5-6 years old. While the external rotation of the
hip 1s between 70-80°, the internal rotation of the hip is
decreases to between 0-20°. Indeed, severe external
rotation of the hip 1s an important sign to predict the
toeing gait'”. Svenningsen ef al™ suggested that
especially in children the internal rotation of the hip is
seen more than external rotation because of the femoral
anteversion angle is more than its normal range.

We measured the rotational angles of the hip in
three different positions. The first in prone position is
defined as 55.35° internal rotation and 60.84% external
rotation among girls, 54.95° mternal rotation and 65.34°
external rotation among boys. We found that the hip
rotation m sitting position was seen lower than prone
position. In the sitting position, the hip rotation results
were 32.65° for internal rotation, 27.42° for external
rotation. Since the hip rotation was measured against
the gravity force in the sitting position, the score was
seen lower compared with the prone position.

As reported in the literature the average range of
the Rider’s test is 407 at birth, 31° at 2 years old and 25°
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at § years old®!. But in our study, the internal rotation was
seen at 34° and the external rotation was seen at 45°. That
means these results from the current study are higher than
previous studies.

Another component of the torsional profile is the
Thigh-Foot angle. Although the normal range of the Thigh-
Foot Angle is higher at birth though age 2 years, the mean
angle lies between -10 and 0°. Infants have a mean angle of
-5° (range -34 to 40°) as a consequence of normal in utero
position. The angle gradually increases to a mean of 10°
from middle childhood on (tange, -5 to 30°)'** In this
study, the mean angle was defined as approximately 11° for
both girls (10.777) and boys (10.66%). In ancther study by the
author of the work, N Yagci the mean angle was reported
11.1942.54° among 116 children aged 6-7 years. And the
author also reported that these results from their study can
be considered in normal physiologic limits™.

To evaluate the Forefoot varus angle; measuring of the
shape of the feet is very important issue. Therefore, when a
child 1s screeming about torsional profile and rotational
abnormalities, The Forefoot Varus Angle should be
evaluated. Tn the literature the normal range of the Forefoot
varus angle was reported in various degrees. Uygur
reported that the angle 1s between 14-16° for health
adults®. The other author pointed that the ideal angle must
be O degree for children™. In other hand Chen et al reported
that the angle is between 5.01+4.51° for healthy subjects
aged 10-50 years™™. In this study, we found that the mean
the Forefoot Varus Angle was 3.85° for girls and 3.87° for
boys. These results showed us there was not difference
regarding angular deviation between girls and boys.

According to the studies in the literature the Calcaneal
Angle (Rear-Foot Angle) 15 0 degree (neutral) or 2-3°
varus position among healthy adults™. Contrary of the
above study; Yagei et al'™ assessed the healthy children
and reported that the mean Calcaneal angle was defined
6.667 (12,3 %) in calcaneo-varus position and 7.46° (23,8 %)
m calcaneo-valgus position. In the cumrent study, we
defined that those feet of all children had calcaneo-valgus
position and the mean the Calcaneal angle was defined as
8.52° for girls and 8.06° for boys. In the literature, before 8-9
years old until derotation of the foot completes, the rear foot
is to be in calcaneo-valgus position is accepted in
physiologic limits™.

The Transmalleolar Axis Angle 13 also important to
define lower extremities rotational profile. Tts normal range is
a little bit igher than 10°. The angle 13 O degree at birth
(ranges:-30°-20%). In the middle childhood and later it
gradually increases to 20° (ranges: 0°-45°)*%. At the same
time, we found that the Transmalleolar Axis Angle over
rangmg 18.49° m girls and 18.36° in boys. These results are
similar to normal ranges were reported in the literature.

The rotational and angular deviations of the lower
extremities cause concern In parents and sometimes
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procedure minor functional problems in children at birth
and childhood on. That’s why; to predict those
problems, such as in toeing gait, out toeing gait,
abnormal walking, femoral anteversion abnormalities,
external or internal tibial torsion, pesplanus etc.,
provides us to prevent and to treatment of the
rotational problems without surgery at early stage. All
results from the literature and the current study show
that to take the parents’ concerns seriously is a vital
condittion. And also, the health providers including
orthopedic surgeon, pediatrics and physical therapists
should evaluate the children carefully and make an
accurate observation to predict severe deformities.
Otherwise the severe deformities can not be treated
without surgery procedures.
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