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ABSTRACT

The purpose of this study was to determine the average tibiofemoral angle (TFA)
and tibiocalcaneal angle (TCA), their correlations across age, and between these
angles by using photographic analysis in typical Bangkokian children aged 3 to 7
years. Sixty nine children (36 girls and 33 boys) were randomly selected from 8
kindergarten and primary schools in Bangkok that were under the office of the basic
education commission. The children were divided into 5 age groups. The subject was
asked to stand with hips in neutral position and with knees fully extended. The patella
faced forward. The medial malleoli or the knees of each leg were contact with each
other. The feet were placed flat on the platform within the outline of standard foot
position. The researcher attached the twenty adhesive circular flat markers on both
legs of the subject. The subject was asked to stand still for 5 seconds at a time. The
researcher took two pictures each for anterior, lateral, and posterior views. The images
recorded by digital camera were printed out to determine these angles.

The average TFA in frontal and sagittal plane tended to increase the angle
approaching zero. The TFA in frontal plane for all age groups showed negative values
indicating valgus angles (i.e., knock knees). The TFA in sagittal plane for all age
groups showed variations of angle within the age group. In each age group, the TFA
values were positive, zero, and negative. This indicated that children at the same age
group showed knee flexion, knee straight, and knee hyperextension. At the age of 3
years, however, children showed only negative values. The TCA for all age groups
showed negative values indicating ankle eversion. The mean of the TCA from 3 to 7
age groups tended to decrease the eversion angle. Moreover, the correlations of all
angles by age, TFA in frontal and sagittal plane, and the TFA and TCA were poor and
were not statistically significant (p>0.05) except the TFA in frontal plane by age,
which had a poor correlation and was statistically significant (p<0.05).

The present study provided the preliminary data of the TFA and the TCA in
typical Bangkokian children. This might be a guideline in assessing children.

KEY WORDS: TIBIOFEMORAL ANGLE / TIBIOCALCANEAL ANGLE
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CHAPTER |
INTRODUCTION

Bowlegs and knock knees in children are common orthopedic problems that
cause great concerns to parents and relatives (1-27). Whereas knee hyperextension
rarely causes any problem, even if it remains unchanged (14, 27, 28). These variations
affect ankle alignment resulted in calcaneal eversion when children first stand and
ambulate (29). Sometimes, the developmental change may affect balance and
movements. Also pain may happen. However, the skeletal alignment change is normal
physiological process that commonly occurs in children. This change is corrected
spontaneously in time without treatment, although some persists up to adolescence or
adulthood (20, 21). Some Parents are skeptical about the spontaneous correction and

take their children to pediatricians and pediatric physical therapists.

The development of the tibiofemoral angle (TFA) indicates the change of knees
angle i.e., bowlegs and knock knees, in children at different ages. Several studies have
been reported about average values defining normal range of the TFA especially in
frontal plane (2, 11, 12, 22-24, 30, 31). At birth, children have bowlegs approximately
15 degrees. There is a gradual spontaneous correction to zero degrees at one and one-
half to two years of age. During the following year, 10 to 12 degrees of knock knees
develop which gradually correct to the normal adult value of 5 to 6 degrees at about
age 7 years (32). However, there is no report of this angle in sagittal plane that
indicates the knee hyperextension and there is no report about mean values of the
tibiocalcaneal angle (TCA) that indicates the development of ankles angle in growing
children. Additionally, the TFA may affect to the TCA, bowlegs or knock knees force
the foot to rotate inwards, because of their misalignment onto the ankle joint (33).
Whereas, the TCA may also affect to the TFA. Excessive foot pronation is not an

isolated condition, it contributes to causing mal-tracking and mal-alignment of the
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knee joint and hips, causing over compensation of the lower back muscles (34).
Although the progression of knee angle from bowlegs in infants to knock knees in
early childhood as a part of normal development is well known (2, 11, 12, 22-24, 30,
31). Average values of these angles are lacked in Thailand. Moreover, The differences

of these angles are based on a racial factor (2, 11, 23, 24).

Assessing the bowlegs and knock knees in healthy children can be divided into
two techniques, non invasive and invasive technique. Non invasive technique consists
of clinical examination and photographic analysis. Clinical examination including
measurement of the TFA, intermalleolar distance (IMD) and intercondylar distance
(ICD) has become popular because the clinical measurement is both easily applicable
and reproducible, and is an important part of routine physical examination (2, 23, 24).
Photographic analysis, if carefully positioned, is helpful in following the progression
of the lower extremity development. Invasive technique consists of radiological
examination using simple plain film radiographs. However, it is more accurate than

other measurement but it is expensive and exposes children to radiation (12).

The purpose of the present study is to determine average values of the TFA and
TCA using photographic analysis that making clinical application of the technique
feasible. Knowledge of angular profile of the TFA and TCA are important for
providing guidelines to differentiate between physiologicalal variation and
pathological deformity that may require future evaluation and treatment in children

that expect to demonstrate bow legs, knock knees, and knee hyperextension.



Fac. of Grad. Studies, Mahidol Univ. M.Sc.(Physical Therapy) / 3

Purposes of the Study
General Objective

To study the tibiofemoral angle (TFA) and tibiocalcaneal angle (TCA) in typical
Bangkokian children aged 3 to 7 years.

Specific Objectives
1. To determine average values of the TFA in frontal plane and sagittal plane.
2. To determine average values of the TCA.
3. To identify correlations of the TFA in frontal and sagittal plane across age.
4. To identify correlations of the TCA across age.
5. To identify correlations of the TFA in frontal plane and sagittal plane.
6. To identify correlations of the TFA in frontal plane and the TCA.

Parameters
1. age
2. TFA
3. TCA
Scope of the Study
This study determines average values of the TFA and the TCA and their
correlations across age by using photographic analysis in typical Bangkokian children
aged 3 to 7 years that were randomly selected from kindergarten and primary schools

in Bangkok that were under the office of the basic education commission.

Advantages of the Study

1. This study provides the preliminary data of the TFA and the TCA in typical
Bangkokian children as a guideline for an assessment of skeletal changes in children
age 3 to 7 years.

2. This study provides information that can be used to explain parents about
normal development.

3. This study also demonstrates an objective method to measure the angles of legs

and feet that can be practicable in clinic.
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CHAPTER Il
LITERATURE REVIEW

2.1 Lower Extremity Development

The total spectrum of human lower limb development spans from the fifth week
of life in embryo until late in the second decade of post-natal life (30). Initial
development of the lower limbs occurs during the first 3 months of pregnancy. The
lower limb buds, which are formed slightly later than the upper limb buds, appear
somewhere between the third and fifth embryonic week (35). By the fifth week, bone
precursors begin to appear as the mesenchyme that forms the hyaline cartilage model
of the skeleton. As the cartilage model is invaded by blood vessels, osteogenesis
occurs. By week 7 the primary ossification centres begin to appear in the shafts of the
limb bones. The central portion of long bone is the first region to exhibit endochondral
ossification. A bony collar develops around the midshaft of the cartilage model
accompanied by vascular invasion and resultant formation of the so-called primary
ossification centre. The primary ossification centre of all long bones is present at birth.
Postnatally, there is further vascular invasion of the chrondroepiphysis and formation
of the secondary ossification centres at the ends of the bone. The distal femoral and

proximal tibial epiphyses are present at birth (30).

A child learns to stand totters and sways because the foot’s weight bearing
abilities are minimal. Measurements of foot loading in young children find relatively
high values in the midfoot region with metatarsal loading about equal. As the child
grows, midfoot loading decreases and the third and fifth metatarsals begin to bear

more weight (36).
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2.2 Factors of bone growth

Many factors can influence on bone growth and form. The mechanical factors
seem to have been accepted from earliest times. The effects of compression on bone
growth vary according to whether the force is applied intermittently as in walking or
continuously as in recumbency, paralysis or in any situation, including a plaster cast,
maintain for a considerable time during a period of rapid growth (37). Sustained
pressure on the growth plates of the distal femur and proximal tibia compress the
anterior portion and distract the posterior portion of the upper tibia growth plate (38).
As the muscles waste, the knee falls back into hyper-extension. The blood flow in the
vessels to the compressed anterior portion of the upper tibia slows. Eventually the
growth plate may permanently close and growth ceases. This produces the well-known
recurvatum deformity which used to be commonly seen where prolonged recumbency

was needed, as in the treatment of tuberculosis (37).

2.3 Bowlegs and Knock-knees

The normal lower extremity angular development in children is bowlegs and
knock-knees. These are usually physiological and typical progression (1-3, 11-13, 22-
24, 27, 31, 39). All babies are born bowlegged. During early infancy, lateral tibial
bowing is common, and later in infancy, physiological bowing occurs. The
physiological bowlegs often involve both femur and tibia. In early childhood, by the
age of 3 to 4 years, the physiological knock-knees are most pronounced and corrected
to adult-like lower extremity alignment, which is slightly knock-kneed by the age of 5
to 7 years of age (19-21). Thus, an explanation and reassurance are often necessary to

the parents.

2.3.1 Physiological Bowlegs and Knock-knees
The term “physiological” means that the alignment is normal for age (6).
Bowlegs are usually called genu varum or varus. “Genu” is the Latin word meaning
for “knee” and ‘“varum” means towards the midline (6). This term denotes a
malalignment in the frontal (coronal) plane, in which the part distal to the site of

deformity deviates toward the midline (8). Physiological bowlegs occur in two forms.
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First, lateral bowing of the tibia is common occurred during the first year of age and
nearly always resolved. Second, physiological bowlegs involving both proximal tibia
and distal femur occur during the second year (20).

Knock-knees are medically called genu valgum or valgus. “Valgus” denotes
a malalignment in the frontal (coronal) plane, in which the part distal to the site of
deformity deviates away from the midline (8). Physiological knock-knees are usually
at peak between 3 and 4 years of age. It is often more pronounced in the children with
obesity (20). The physiological bowlegs and knock-knees will improve and do not

require any treatment other than observation for correction as children grow.

2.3.2 Pathologic Bowleg and Knock-knee

Occasionally, children can have other problems that result in an abnormal
alignment. Some of these problems relate to serious injuries, problems with
metabolism or nutrition, or other orthopaedic problems such as Blount’s disease and
Rickets. Patients usually are over the age of 2 years, obese, and demonstrate
significant amounts of residual bowing measured by the TFA that are equal to or more
than 2 standard deviations from the average (4-9, 18-21, 40-42). Physicians should
differentiate the physiological changes from the pathologic manners. Pathologic form
should be considered if any of the following features are present: (1) positive family
history; (2) asymmetry; (3) other musculoskeletal abnormalities; (4) inconsistency
with the normal bowleg, knock-knee sequence; (5) stature below the 5™ percentile; or
(6) severe deformity (20).

Many disease processes affecting bone growth cause pathologic bowleg and
knock-knee. Several pathologic conditions cause bowleg such as Blount’s disease,
osteodystrophy, Rickets, bone dysplasia, trauma, tumors, and congenital anomalies
(4-9, 18-21, 41, 42). Pathologic conditions causing knock-knee such as
osteodystrophy, Rickets, bone dysplasia, trauma, tumors, congenital anomalies, and
neuromuscular (4-8, 18-21, 40). Two of more common diseases known to cause

bowleg and knock-knee are Blount’s disease and Rickets.
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2.3.2.1 Blount’s Disease (Tibia VVara)

Blount’s disease, or tibia vara, results from disorderd growth of the
proximal medial physis and metaphysis, producing a localized varus deformity (20,
21). Blount’s disease is divided into two clinical patterns, infantile Blount’s disease is
seen in young children and juvenile Blount’s disease is seen in teenagers (20, 21). The

incidence of tibia vara is greater if the child is black or obese (20, 21).

2.3.2.2 Rickets
Rickets is generalized skeletal disease involving vitamin D metabolism
resulting the children with varus deformity. The outcome from x-ray is noted to be
with thickened ends of bones and associated with widened growth plates which do not
fully calcify (20, 21).

2.4 Knee Hyperextension

Mild hyperextension of the knee (genu recurvatum) is common in children with
generalized joint laxity (20). Almost patients with recurvatum have associated genu
valgum (28). These variations from the normal are benign and cause no demonstrated
disability. The pathologic forms are easily identified because of stiffness and other
deformities such as congenital dislocation of the knee, posttraumatic recurvatum, spina
bifida, and arthrogryposis (20, 43).

2.5 Causes of Bowlegs, Knock-knees and Knee Hyperextension

Various factors may cause physiological bowlegs, knock-knees, and knee
hyperextension including inherited, intra uterine position, sleeping positions, posture,
ligamentous laxity and torsional malalignment (20, 30).

Salenius and Vankka (12) explained about a cause of physiological bowlegs
when children learn to walk, tend to hold their feet wide apart to increase stability.
This probably influences a pressure on the outer side of the knees and a faster growth
of the medial part of the epiphyseal plate, resulting in the valgus position of the tibia
(12, 44). Sometimes older children between the ages of 5 and 8 appear to have knock

knees, but it is usually due to their being somewhat overweight (32). Taylor et al. (40)
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described the musculoskeletal consequences of pediatric overweight in a large
pediatric cohort of children and found a greater prevalence of fractures,
musculoskeletal discomfort. Additionally, both metaphyseal and anatomic TFA
measurements showed greater malalignment in overweight compared with non-
overweight children.

A cause of knee hyperextension is still unknown. Weakness of the quadriceps
muscle is possible to be a factor. Genu recurvatum itself rarely causes any problem in
the future, even if it remains unchanged, unless it is an associated sign of a systemic
disease (28).

2.6 Assessment of Bowlegs and Knock-knees

Several methods for assessing bowlegs and knock-knees have been investigated.
The assessment should begin with a family history and then examine the patient. The
examination of bowlegs and knock-knees can be divided into two techniques, non
invasive and invasive techniques.

Non invasive technique consists of clinical examination and photographic
analysis and that can be expressed in degrees or as centimeters of either the femoral
intercondylar or intermalleolar distances.

Invasive technique such as radiographic evaluation using simple plain film
radiographs is expensive and unnecessarily exposes healthy children to radiation
except a pathological condition is suspected.

2.6.1 Non Invasive Technique
2.6.1.1 Clinical Examination
The clinical examinations of tibiofemoral deviations are measuring

TFA, ICD, and IMD. These techniques are reviewed as followings.

2.6.1.1.1 Tibiofemoral Angle (TFA)
The development of the TFA in children at different ages has been
of interest for many years. The clinical TFA can be measured using a goniometer.

Children either lying supine if they age less than 2 years or standing with the lower
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limbs are carefully positioned. Hips and knees are in full extension and neutral
rotation, and knees or ankles touch each other closely (2). A varus angle is expressed
in positive degrees.

Cheng and colleagues (2) examined 2,630 Chinese children and
determined the mean knee angles and defined normal ranges for the TFA throughout
various stages of development. The TFA was measured clinically using a goniometer.
They concluded that Chinese children between 9 and 12 years have a valgus of 1° with
a range of + 8° for both genders.

Cahuzac et al. (11) examined the varus/valgus profile in healthy
children between 10 and 16 years of age. They found that after 13 years of age, the
TFA differed according to gender. Girls had a constant valgus angle of 5.5°, whereas
the valgus decreased in boys to a mean of 4.4°. Boys were found to differ from girls
showing a varus chance during the last 2 years of growth.

Arazi et al. (23) determined the TFA in typical Turkish children
aged from 3-17 years with goniometer, using the method adopted by Cheng et al. (2)
Superior iliac spines, the center of the patella, and the midpoint of the ankle joint were
marked with a pen. The results showed the maximum valgus of 9.8° at age 6 years in
girls, but there was no significant difference in boys. Then, the TFA was steadily
increased in both genders from age 6 years to the end of development. The valgus
angles were 6.6° and 7.5° for boys and girls at the age of 17 years, respectively.
Moreover, they noted a measurable varus or valgus angle higher than 11° during this

period should be considered abnormal.

2.6.1.1.2 Intercondylar Distance (ICD) and Intermallolar Distance
(IMD)

Another clinical examination for bowlegs and knock-knees in
children can be measured using a measuring tape when in either lying supine or
standing. The legs are placed together with the patella facing forward and the medial
malleoli or the knees are allowed to come into contact. The distance between the knees

and the two medial malleoli is a measure of degree of bowlegs and knock-knees,
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respectively. (see Figure 2.2 and 2.3) (2, 3, 11, 23, 24, 31). The degree of knock-knees

was expressed as negative values in centimeters.

Figure 2.1 Measurement of bowlegs or intercondylar distance (ICD)

Figure 2.2 Measurement of knock-knees or intermalleolar distance (IMD)
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Morley (3) studied knock-knee in 769 children aged 1 to 11 years,
and concluded that knock-knee was the most common between the ages 3 to 3.5 years.
At this age, most children were found to have knock-knee of 2 inches (5 centimeters).
For clinical reference, Morley (3) introduced a grading system to estimate the degree
of knock-knee:

Grade I: IMD =< 2.5 centimeters

Grade Il: IMD = 2.5-5.0 centimeters

Grade IlI: IMD = 5.0-7.5 centimeters

Grade IV: IMD = > 7.5 centimeters

Shopfner and Coin (13) used a clinical study to determine the
degree of bowlegs and knock-knees in 568 children (less than 1% - adult). They
concluded that bowlegs occurred before the age of 2 years and knock-knees between
the ages of 2 and 12 years.

Cheng et al. (2) examined 2,630 Chinese children by clinical
measurement determined ICD and IMD found that a mean ICD of 3 centimeters was
observed in newborns. This distance decreased rapidly to 0 at ~ 1 year and to
minimum of -2.8 centimeters at age 3. Later, gradual increase to a plateau mean of 0
centimeters at age 8 with a normal range of + 3 centimeters.

Heath and Staheli (24) determined mean values and normal ranges
of ICD and IMD in 196 white children. Measurement of ICD and IMD showed an
extreme varus at 6 months, mean ICD of 2.6 centimeters, ranging from 0 to 4.5
centimeters, and replaced by ICD of ~ 0 centimeters at 1 year. The maximum valgus
between the age of 3 and 4 years, greatest IMD of 3.5 centimeters. IMD persisted in
children after age 4 years, with a minimum of 2.1 centimeters at 7 years.

Cahuzac et al. (11) examined mean values and normal ranges of

ICD and IMD in 427 European children between 10 and 16 years of age. The result
showed no significant change with growth in girls, IMD less than 8 centimeters or
ICD less than 4 centimeters. In boys increased from the age of 14 years to the end of
growth, IMD less than 4 centimeters or ICD less than 5 centimeters.

Lin et al. (31) studied prevalence and correlating factors that may

influence physiological knock-knee (PKK) in 305 preschool children age between 3
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and 6 years by measuring IMD. They categorized the knee as normal if the IMD was
less than 2 centimeters, and they divided the severity of knock-knee into three
categories:

Mild (IMD, 2-5 centimeters)

Moderate (IMD, 5-9 centimeters)

Severe (IMD, > 9 centimeters)

The result showed the prevalence of PKK significantly correlated
with age group. The prevalence of PKK for children at age 3-4 years is 64% (mild,
56%; moderate, 8%). The prevalence decreased to 44% (mild, 41%; moderate, 3%) at
ages between 4 and 5 years, and 34% (mild, 31%; moderate, 3%) at ages between 5
and 6 years.

Arazi et al. (23) were measured the ICD and IMD with a tape
measurement as previously described (24). They found that, the greatest IMD was 2.4
centimeters at the age 5 years in boys, and persisted in all age groups except boys aged

10 years with an ICD of 0.1 centimeters.

2.6.1.2 Photographic analysis

In a cross-sectional study, Engel and Staheli (22) photographically
measured the TFA using the mid-longitudinal axis of the thigh and tibia. They
observed a constant valgus 4-5° between 10 and 12 years of age for both genders, and
some decrease of this valgus angle between 12 and 14 years.

In a recent study, Heath and Staheli (24) examined mean and normal
ranges for the TFA in 196 white children (ranging in age from 6 months to 11 years).
They measured the TFA on photographs. The subject stood in anatomical position
with skin markers on anterior superior iliac spines (ASIS) and centers of patellas. Axes
were drawn on the photographs between the markers and midway between the medial
and lateral malleoli. They observed that children between 10 and 12 years had a valgus
of 5.8°.

It is controversial which measurements are more accurate and easier for clinical

examination. Cheng et al. (2) noted the ICD and IMD measurement is easier to apply
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clinically and is as reliable. Conversely, Cahuzac et al. (11) reported that the TFA
measurement is more accurate than distance measurement. Similarly, Sass and Hassan
(18) suggested that measuring the TFA with a goniometer is the more accurate way to
quantifiy angulation. However, obtaining reliable goniometric measurement on a child
is often a challenge. Whereas, Heath and Staheli (24) measured the TFA on
photographs and expressed that an angle interpreted photographically closely

approximates the true TFA.

2.6.2 Invasive technique
2.6.2.1 Radiographic evaluation

Radiographic evaluation of bowleg in children is widely used to
differentiate between Blount’s disease (infantile tibia vara) and physiological bowing
(6, 41, 42, 45, 46). Several radiographic measurement techniques include tibiofemoral
angle (TFA), metaphyseal-diaphyseal angle (MDA), epiphyseal-metaphyseal angle
(EMA), and femoral-tibial ratio (FTR). The TFA and MDA are commonly measured,
the following cut points were used for the limits of normal alignment, the TFA
between -15 and 5 degrees and the MDA on a standing x-ray, between -11 and 11

degrees (12, 23, 41, 45, 47, 48).
Salenius and Vankka (12) assessed the TFA in longitudinal study of
1,279 children between birth and age 16 years by using radiographically. Anterior-
posterior X-rays of the children’s lower limbs were taken. The TFA was measured on
the X-ray by drawing a longitudinal axis midway between the femoral and tibial
diaphyseal cortices. The angle between the two longitudinal lines was manually
measured in degrees. All children have varus (bowlegs) before the end of 2 years,
which changes to valgus (knock-knees) between the ages of 18 months and 3 years.
The valgus may become extreme but corrects spontaneously and reaches the adult to

5-6 degrees by the age of 6-7 years. (see Figure 2.4)

The summary of reviewed literature regarding the TFA, ICD and IMD is in Table
2.1
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Figure 2.3 Development of the TFA in children across age. The mean of the
measurements is in the middle; on both sides of the mean line is the 2 standard
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Table 2.1 The summary of reviewed literature containing maximal mean of the TFA,

ICD, and IMD, as well as age, numbers of subject and assessment techniques

Numbers of Maximal mean Maximal mean
Review Age subject Assessment TFA ICD and IMD
literature (yrs) (persons) techniques (degrees) (centimeters)
Morley AJM, 1-11 769 clinical examination IMD =25-5
1957 - measuring tape (3-3.5 yrs)
Engel 0-14 160 photographic analysis varus =5
& (<1 yrs)
Staheli, valgus = 4.5
1974 (>1yrs)
Salenius 0-16 1,279 radiographic analysis varus ~ 15
& (<1 yrs)
Vankka, valgus ~ 15
1975 (= 3 yrs)
valgus 5-6
(6-7 yrs)
Cheng et al, 0-12 2,630 clinical examination valgus = 8 ICD=3
1991 - goniometer (3.5 yrs) (0 yrs)
- special caliper IMD=2.8
(3 yrs)
Heat 1%-11 196 photographic analysis varus = 15.9 ICD=2.6
& & (1% yrs) (%2 yrs)
Staheli, clinical examination valgus = 8.7 IM=35
1993 - measuring tape (4 yrs) (3-4 yrs)
Cahuzac et al, 10-16 427 clinical examination varus = 4.4 ICD<4,IMD<8
1995 - goniometer (boys, 15-16 yrs) (boys)
- measuring tape constant valgus =5.5 | ICD <5, IMD <4
(qgirls) (qirls)
Arazi et al, 3-17 590 clinical examination valgus = 9.8 IMD =24
2001 - goniometer (boys, 7 yrs) (boys, 5 yrs)

- measuring tape

valgus = 9.6
(qgirls, 6 yrs)
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CHAPTER 11

MATERIALS AND METHODS

3.1 Study Design
This study is a combination of descriptive and correlative designs to determine
mean values and correlations of TFA in frontal and sagittal planes, and TCA in typical

Bangkokian children aged 3 to 7 years.

3.2 Subjects
69 typical Thai children with 3 to 7 years old (see Table 3.1) were randomly

selected from kindergarten and primary schools in Bangkok that were under the office
of the basic education commission. The age group was defined by the 3 months before
and after the exact age (i.e., exact year + 3 months). For example, an age group of 3
years old was from 2 years and 9 months to 3 years and 3 months.

Inclusion criteria are as follows; (1) children’s weight and height were within the
10" to 90" percentile of growth of Thai children according to the database of Ministry
of Public Health, Thailand, and (2) leg length discrepancy was less than 1 centimeters
(49, 50). Exclusion criteria were (1) inability in standing upright due to any
musculoskeletal problems of lower extremities and trunk, (2) history of fracture or
operation of trunk and/or lower extremities, and (3) history of neurological problems

related to balance in standing or walking
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Age group Numbers of children

(years) boys girls Total
3 1 1 2
4 7 12 19
5 5 10 15
6 10 10 20
Vi 10 3 13

Total 33 36 69

Children were randomly selected by multi-stage sampling as follows:

Stage 1: Randomly selected two districts in each major district (districts in

Bangkok comprised fifty districts divided three major districts; inner, middle, and

outer district)

Stage 2: Randomly selected six schools from six randomized districts

Stage 3: Randomly selected boys and girls in each age group

After randomly selected, the numbers of children who participated in each school

were not enough. The researcher repeated randomly selected by multi-stage sampling

for two additional schools.

3.3 Instrumentation

3.3.1 Digital camera (CANON POWER SHOT A460, CHINA)
3.3.2 Digital camera tripods (FOKON T816G/BS916)
3.3.3 SD Memory Card (TOSHIBA SD-M2564R-W, JAPAN)

3.3.4 Platform with the outline for standard foot position

3.3.5 Twenty adhesive circular flat markers (diameter 0.5 centimeters.)

3.3.6 Goniometer (one degree increment)

3.3.7 Vernier caliper
3.3.8 Measuring tape
3.3.9 Ruler
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Figure 3.1 A platform with the outline for standard foot position

3.4 Research Setting

A digital camera was positioned perpendicular to the floor and the subject at a
standardized distance of 1.50, 1.50, and 1.00 m. in anterior, lateral and posterior view,
respectively. The tripod’s height was positioned at the levels of the knee and ankle

joint line of each subject (see Figure 3.2).

Figure 3.2 The position of camera
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3.5 Procedure

3.5.1 A parent or guardian signed in participant information sheet (see Appendix
A) and informed consent (see Appendix B) and filled in a parent questionnaire (see
Appendix C) for including or excluding the subject before conducting the study.

3.5.2 The subject was asked to wear stretch shorts with plain color.

3.5.3 The researcher measured the subject’s weight and height, and legs length.

3.5.4 The researcher placed the markers as followings. Twenty adhesive circular
flat markers (diameter 0.5 centimeters.) were attached on both legs of each subject.
The distance between each marker was measured from the center of one marker to the
center of another marker. The subject was asked to stand on the platform with the
outline for standard foot position. Hips were in neutral rotation, and knees were fully
extended (2). The researcher placed three markers on each leg over the anterior
superior iliac spine (ASIS), the center of the patella, and a point measured midway
between the medial and lateral malleoli. These markers were seen in anterior view.
(see Figure 3.3).

Figure 3.3 Markers placement in anterior view
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Then, the researcher placed three additional markers on lateral side of each leg
over the greater trochanter, lateral epicondyle of femur, and lateral malleoli (see
Figure 3.4).

Figure 3.4 Markers placement in lateral view

Later, the lower leg and calcaneus were bisected by the vernier caliper and
measuring tape. The researcher placed four additional markers on posterior side of
each leg over the midline. The first marker was at the distal one third of the lower leg.
The second marker was at 50% between the distal one third of the lower leg and distal
to the insertion of the Achilles tendon. The third marker was at the distal to the
insertion of the Achilles tendon. The fourth marker was at the caudal edge of the
calcaneus (see Figure 3.5).
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Figure 3.5 Markers placement in posterior view

3.5.,5 The Standard Standing Position: The subject was asked to stand with
hips were in neutral position and knees were fully extended. The patella faced
forward. The medial malleoli or the knees of each leg were contacted each other. The
feet were placed flat on the platform with the outline for standard foot position. The
subject was asked to stand still for 5 seconds in each time. The researcher took a

picture 2 times in anterior, lateral, and posterior view.

3.6 Determination of the Angles

The images recorded from digital camera were printed out on a paper. The TFA
in frontal plane was determined by drawing the lines connecting between the markers.
One line connects between the ASIS and the center of the patella. The other line
connects between the center of the patella and a point measured midway between the
medial and lateral malleoli. The TFA in frontal plane were the angle A; and A, that
are between the intersections of both lines. (see Figure 3.6).
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Figure 3.6 The TFA determination in frontal plane

The TFA in sagittal plane was determined by drawing the line connects between
the markers. One line connects between the greater trochanter and lateral epicondyle
of femur. The other line connects between the lateral epicondyle and lateral malleoli.
The TFA in sagittal plane are the angle B; and B, that are between the intersections of
both lines. (see Figure 3.7).
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Figure 3.7 The TFA determination in sagittal plane

The TCA was determined by drawing the line connecting between marker 1 and
marker 2, marker 3 and marker 4. The TCA is the angle C; and C, that are between the
intersections of both lines. The positive value will represents inversion and negative

value represents eversion (see Figure 3.8).
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Figure 3.8 The TCA determination
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Random eight districts & eight schools

l

Contact to eight randomized schools
to ask permission to go to collect data

i

Gather the name lists of children aged 3 to 7 years, divide in each age group

l

Random boys and girls in each age group

l

Measure the subject’s weight and height, and legs length

l

Take pictures of the subject’s leg in anterior, lateral, and posterior views
during standardized standing

l

Determine angles from the pictures

Figure 3.9 A summary of procedure of the present study
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3.7 Statistical Analysis

Data analyses were calculated by using SPSS for Microsoft Windows release
11.5. The level of statistical significance was set at p-value = 0.05.

3.7.1 The Kolmogorov Smirnov Goodness of Fit test was used to test for the
distribution of the data.

3.7.2 Descriptive Statistics were used to describe in age, gender, weight, height,
legs length, and legs length discrepancy.

3.7.3 For normal distribution data, Pearson’s product moment correlation (r) was
used to test for correlation of TFA, TCA and age, correlation of TFA in frontal and
sagittal plane and correlation of TFA and TCA. However, for non-normal distribution
data, Spearman’s rank order Correlation (rs) was used to test for correlation between

these variables.
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CHAPTER IV
RESULTS

The results demonstrated the average values of tibiofemoral angle (TFA) and
tibiocalcaneal angle (TCA) and their correlations across age

4.1 Characteristics of Subjects
The subjects were 69 typical Thai children (36 girls and 33 boys) and divided in 5
age groups (see Figure 4.1). Means and standard deviations of age, weight, height, and

legs length are shown in Table 4.1
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Figure 4.1 Distribution of children in 5 age groups
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Table 4.1 Means and standard deviations of age, weight, height, legs length, and leg

length discrepancy (LLD) in 5 age groups

3 years 4 years 5 years 6 years 7 years
Characteristics (n=2) (n=19) (n=15) (n=20) (n=13)
Mean + SD Mean + SD Mean + SD Mean + SD Mean + SD
Age (yrs) 3.05+0.18 3.93+£0.15 5.06 +0.16 6.06 +0.16 6.99+0.15
Weight (kg) 13.50+0.71 | 15.50+2.35 17.67 + 2.66 19.13+2.20 21.54 +3.28
Height (cm) 96.00 £5.66 | 101.16 +4.45 | 109.00 +3.68 | 113.10+3.77 | 118.00 + 4.42
Lt. leg length (cm) | 4550+4.95 | 49.58 +2.26 54.87 +2.24 57.45 +2.25 59.58 +3.11
Rt. leg length (cm) | 45.50 +4.95 | 49.55 +2.28 54.83 +2.19 57.48 +2.22 59.58 +3.11
LLD (cm) 0.00 +0.00 0.03+0.11 0.03+0.13 0.08 +0.18 0.00 +0.00

4.2 The Averages of Tibiofemoral Angles (TFA) and Tibiocalcaneal

Angles (TCA)

The means and standard deviations of the TFA in frontal and sagittal plane are

shown in Table 4.2. The TFA in frontal plane for all age groups showed negative

values indicating valgus angles (i.e., knock knees) except one child, the TFA was 0

degree. From 3 to 7 age groups, the mean TFA tended to increase the angle

approaching zero that is a neutral position. However, there was a subtle drop of the

angle at the age of 6 years. The mean difference of the angle between the age of 5 and

6 years was 1.51 degrees (see Figure 4.2).

Table 4.2 Means and standard deviations of the the TFA in frontal and sagittal plane

in 5 age groups

3 years 4 years 5 years 6 years 7 years

TFA (°) (n=2) (n=19) (n=15) (n=20) (n=13)
Mean + SD Mean + SD Mean + SD Mean + SD Mean + SD
Frontal (Lt. + Rt.)/2 | -9.88+0.18 -6.45+2.13 -5.3+2.71 -6.18 +2.71 -4.67£2.12
Sagittal (Lt. + Rt.)/2 | -11.88+7.25 | -2.38 +5.56 -0.63 +8.80 -0.86 +5.11 -3.60 + 5.57
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Figure 4.2 Means the TFA in frontal plane across age

The TFA in sagittal plane for all age group showed variations of angle within the
age group. Each age group, the TFA values were both positive and negative values.
This indicated that children at the same age group showed knee flexion, knee straight,
or knee hyperextension. Except at the age of 3 years, children showed only negative
values indicating knee hyperextension. From age 3 to 6 years, the mean TFA tended to
increase the angle approaching zero that is a neutral position. Whereas there was a
decrease of the angle at the age of 7 years. The mean difference of the angle between

the age of 6 and 7 was 2.74 degrees (see Figure 4.3).
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Figure 4.3 Means the TFA in sagittal plane across age

The means and standard deviations of TCA are shown in Table 4.3. The TCA for

all age groups showed negative values indicating ankle eversion. Mean of the TCA

from 3 to 7 age groups tended to decrease the eversion angle. (see Figure 4.4).

Table 4.3 Means and standard deviations of the TCA in 5 age groups

3yrs 4yrs 5yrs 6 yrs 7yrs
TCA(°) (n=2) (n=19) (n=15) (n=20) (n=13)
Mean = SD Mean = SD Mean = SD Mean + SD Mean + SD
(Lt. + Rt.)/2 -11.88 +3.01 -9.00 +4.43 -9.00 + 3.50 -9.23 +3.53 -8.37 +3.97
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Figure 4.4 Means the TCA across age

4.3  Correlations of the Tibiofemoral Angles (TFA) and the
Tibiocalcaneal Angles (TCA) across Age

The scatter plots diagram of the TFA and the TCA across age demonstrated non-
linear relationship (see Figure 4.5, 4.6 and 4.7). For statistical analysis, the Spearman’s
rank order correlation (rs) were used for all variables because of non-normal
distribution. The correlations of the TFA in frontal plane across age showed poor
correlation coefficient of rs = 0.271 but was statistically significant (p = 0.024).
However, the TFA in sagittal plane and TCA across age showed poor correlations
coefficient of rs = 0.029 and 0.118, respectively and were not statistically significant
(p>0.05).
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Figure 4.5 Scatter plots diagram of the TFA in frontal plane across age
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Figure 4.6 Scatter plots diagram of the TFA in sagittal plane across age
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Figure 4.7 Scatter plot diagram of the TCA across age

4.4 Correlations of the Tibiofemoral Angles (TFA) in Frontal Plane

across Sagittal Plane

The scatter plot diagram between the TFA in frontal plane and sagittal plane
demonstrated a non-linear relationship (see Figure 4.8) and the correlation showed

poor correlation coefficient (rs = -0.079) and was not significant (p > 0.05).
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Figure 4.8 Scatter plot diagram between the TFA in frontal plane and Sagittal
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4.5 Correlations of the Tibiocalcaneal Angles (TCA) across

Tibiofemoral Angles (TFA)

The scatter plot diagram between the TCA and the TFA demonstrated a non-
linear relationship (see Figure 4.9) and the correlation showed poor correlation

coefficient (rs = -0.011) and was not significant (p > 0.05).
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Figure 4.9 Scatter plot diagram between the TCA and the TFA in frontal plane
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CHAPTER V
DISCUSSION

5.1 Subjects

On a basis of the multi-stage sampling randomization to select students in the
kindergarten and primary schools in Bangkok that were under the office of the basic
education commission, the subjects in this study would be acceptable to represent
Bangkokian children with 4 to 7 years old. Even though, the data of the 3 years old

group were collected, numbers of the subjects is too small to be counted on.

5.2 The Averages of Tibiofemoral Angles (TFA) across Age

The TFA tended to increase approaching zero from the age 3 to 7 years. the
valgus values in the present study are similar with the previous studies (2, 12, 22-24).
Even though the TFA across age showed the same trend, different average valgus
angles at the age of 3 to 7 years were reported in several studies (see Figure 5.1).
Engel and Staheli (22) found maximal average valgus of 6 to 7 degrees at the age of 2
to 3 years and then decreased the valgus angle to 3 degrees at the age of 7 years.
Salenius and Vankka (12) reported maximal average valgus of 10 degrees at the age of
3 years approximated from a graph of the study and decreased to 5 to 6 degrees at the
age of 6 to 7 years. Cheng et al. (2) reported maximal average valgus of 8 degrees at
the age 3 % years and gradually decrease to 3 degrees at the age of 7 years. Heat and
Staheli (24) found maximal mean valgus of 8.7 degrees at the age of 4 years and then
decreased to approximaetly 7 degrees at the age of 7 years. Arazi et al. (23) found the
average valgus angles in many age groups higher than the angles in many studies

including the present study (see Figure 5.1).
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— —— — Engel & Staheli, 1974
---m--- Salenius & Vankka, 1975
—-&-—Cheng et al, 1991
—— Heat & Staheli, 1993

o— Arazi et al, 2001
=—@=—=the present study

TFA (degrees) in frontal plane

Age group (years)

Figure 5.1 The average TFA in frontal plane across age (adapted from the

previous studies and the present study)

These differences probably result from racial differences, techniques of
measurement, and observer-related factors. Intra-examiner or inter-examiner
variability may be responsible for some error in measurement, especially in clinical
methods (51). Several methods have been defined for measurement of the TFA in
growing children. Radiographic analysis was used in previous reports (12, 13, 23, 41).
However, today radiographic analysis has been more carefully used to avoid exposure
to radiation. It is a time-consuming procedure. It is also not considered ethical for
screening healthy children. Recently clinical examinations have become popular
because the clinical methods is both easily applicable and reproducible (2, 24). Heat
and Staheli (24) commented that the TFA that were interpreted photographically
closely approximated the true angles. Additionally, the photographic analysis that
provides the data of TFA as well as the real image in each child are useful and easier

examine the lower extremities development.
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According to reviews of literature, the average TFA in sagittal plane were not
found in the previous studies. In the present study, the researcher found positive (i.e.,
knee flexion) and negative values (i.e., knee hyperextension) in the children at the
same age indicating the children have a variety of knee alignments in sagittal plane
during standing. The child who has knees flexion probably results from the natural
standing posture of each child or an error standing that is the knees are not fully
extended during taking a photo. Contrary, the child who has knees hyperextension
might be associated with knock knees or related problems from signs of a systemic
disease (28). However, the present study was found the poor correlation between the

TFA in frontal and sagittal plane.

5.3 The Average Tibiocalcaneal Angles (TCA) across Age

The previous studies with regards to the TCA in children had rarely (52, 53).
Alanen et al. (52) studied the ranges of motion of the ankle joints in children aged 7 to
14 years and found a large variation of the ankle angles. The average ankle eversion
was 12 to 13 degrees. The average TCA in this present study were maximal (i.e., 12
degrees) at the age of 3 years and gradually decreased to 8 degrees at the age of 7
years. The TCA of this study differs from the data of the previous study probably
depend on difference age of children and measurement techniques.

5.4 Clinical Implications

The present study provides the preliminary data of the TFA and the TCA in
typical Thai children. The data would be a guideline in assessing leg alignments in
children who are suspected to abnormal leg alignments and in screening leg alignment
in typical children for preventing the musculoskeletal problems. Additionally, this
study offers an objective and easy method to measure and present the angles of legs

and feet in physical therapy service.
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5.5 Limitations of the Study and Further Studies

Subjects in the present study might not be generalized to Thai children
population. The TFA and TCA were collected in Bangkokian children only. Small
numbers of children is also a concern. Additionally, only two children with 3 years old
were collected from the randomized schools. The TFA and TCA of the 3-year-old
group would be too small to represent the population with the same age. Increasing
numbers of subjects or collecting the data in other areas in Thailand would represent
these angles in Thai children.

However, in the present study the TFA and the TCA were measured by the
researcher. A bias of angles determination may be questionable. Therefore, the
determination of angles by another examiner would minimize such a threat.

Even though, photographic analysis has many benefits for the objective clinical
measurements, this analysis sometimes has some difficulties to get real angles in some
children such as hip rotation, tibial torsion, etc. Therefore for further studies, three-

dimensional analysis would be useful to get real image and data.
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CHAPTER VI
CONCLUSION

This study determined average values of the TFA and the TCA and their
correlations across age by using photographic analysis in typical Bangkokian children
that randomly selected from 8 kindergarten and primary schools in Bangkok that were

under the office of the basic education commission.

The TFA in frontal plane for all age groups showed negative values indicating
valgus angles (i.e., knock knees) except one child, the TFA was 0 degree. From 3 to 7
age groups, the mean TFA tended to increase the angle approaching zero. The TFA in
sagittal plane for all age group showed variations of angle within the age group. Each
age group, the TFA values were both positive and negative values. This indicated that
children at the same age group showed knee flexion, knee straight, or knee
hyperextension. Except at the age of 3 years, children showed only knee
hyperextension. From age 3 to 6 years, the mean TFA tended to increase the angle
approaching zero. The TCA for all age groups showed negative values indicating
ankle eversion. Mean of the TCA from 3 to 7 age groups tended to decrease the

eversion angle.

The correlations of the TFA in frontal plane by age showed poor correlation
coefficient of p = 0.271 but was statistically significant (p = 0.024). However, the TFA
in sagittal plane and TCA by age showed poor correlations coefficient of p = 0.029
and 0.118, respectively and were not statistically significant (p>0.05). The correlation
between the TCA and the TFA showed poor correlation coefficient (p = -0.011) and

were no significant (p > 0.05).



Mullika Santayayon Conclusion / 40

The finding of the present study indicated that the TFA and the TCA had
variation by age, tended to increase the angle approaching zero that is a neutral
position. Additionally, the TFA and the TCA were not correlated, indicated that the
angle variation of one angle may not affect to another angle between the TFA and the
TCA in growing children.

The present study provided the preliminary data of the TFA and the TCA in
typical Thai children and also demonstrates measurement of these angles that can be

practicable in clinic.

However, subjects in the present study might not be generalized to Thai
children population because numbers of children are too small to represent the
population especially in children with 3 years old. Increasing numbers of subjects
might represent these angles of Thai children. Additionally, the photographic analysis
probably has limited getting a real image in children who have torsion of the lower
extremity. Therefore, three-dimensional analysis might be useful to get better image

and correct angles.
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APPENDIX A
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APPENDIX B
INFORM CONSENT
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APPENDIX C
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APPENDIX D
PHYSICAL ASSESSMENT RECORD FORM
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3. Tibiofemoral angle (TFA) 4a¢ Tibiocalcaneal angle (TCA)

yu TFA (°) TFA (°) TCA(®)
anterior view lateral view posterior view
g A v P v
AIIN 518 UN 518 UN Bigld] UN
AN 1
S A
ATIN 2
1naY




Fac. of Grad. Studies, Mahidol Univ. M.Sc.(Physical Therapy) /55

APPENDIX E
THE ETHICAL COMMITTEE ON RESEARCH
INVOLVING HUMAN SUBJECT

2 QUUNSTNN 2 PRANNOK Rd.
vuneniien BANGKOKNOI
nFuMNA 10700 BANGKOK 10700

Tel. (662) 4197000 @D 6405-6
FAX (662) 4197000 AD 6405

19NENIIUTRIVRINULATINMIDILEITUM IV UAY

AUZINNEMAAIAININENA Inendsuiiaa

»

onmsiiieuaashnEnssumsaTessams3seluay dRnsaunsiuseuenmsiinuadesiulnsanisitodsi

4 5
Yolnsamsivy : deyafvaiuyuvesviludnngamamiuns 01g3 d 71
4 o v o_a

yovowihlasams  :  waifadn duamou

whoaududain ¢ eszmeswiauesinomaaimsmaen lnnlszgnd uniinedentiaa
SIEC s¥alasems  : 1952547

NI . madsun Aenlnseedsy

s : ;
- msdfuldenTaseedfo adedt 1, Sudl 19 quaniug 2550 : miuinudsznnsiifn azdiuriduves

Aidhimmside

o v & 2 d

FUsRIUN T 4 woumAY 2550 MsYsTquaIn 9/2550

Fuseslay D AuZNITUMITEnITuMIteTuAY AuzIMerNaRiAII NN IMTInndvuiiag
AUEN3TUMINSusIsuMsATeluay AnzumemaRiATIINea uiimndvudiaa duiunsimsiuies

Tasamsdseamuuamandnausssumsisoluauiidiuaina 18un Declaration of Helsinki, The Belmont Report, CIOMS

Guidelines 1% The International Conference on Harmonization in Good Clinical Practice (ICH-GCP)

awun

(amssdifesAgouYMiMgeqund  Tunuiiag) Fud

YsepuAmenITIMI 93B3 90 luau

srsion 4 Effective date Sep 20, 2005



Mullika Santayayon Appendix / 56

APPENDIX F
RESULTS OF THE PILOT STUDY I
ACCURACY OF MARKERS PLACEMENT

The purpose of this process was to determine % agreement between the

researcher and an expert in placing twenty markers.

Method

Ten subjects were recruited in this pilot study. Each subject was asked to stand
with hips were in neutral position and knees were fully extended. The patella faced
forward. The medial malleoli or the knees of each leg were contacted each other. The
feet were placed flat on the platform with the outline for standard foot position. The
researcher was placed twenty adhesive circular flat markers on both legs of each
subject same as in the experiment (see Chapter Ill). After that, the expert was checked

the position of twenty markers.

The percentages of agreement were used to determine the accuracy of the marker
placements. The agreement in placing twenty markers in ten subjects are shown in
Table F.1
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The accuracy of the marker placements showed high percentage of agreement in
all subjects. The percentages of agreement were 95%, 90%, 85%, 90%, 80%, 90%,
90%, 100%, 95% and 90% for subjects No. 1 to 10, respectively.
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APPENDIX G
RESULTS OF THE PILOT STUDY IlI
INTRATESTER RELIABILITY FOR DETERMINING
THE TFA AND TCA

The purpose of this process was to determine intra-tester reliability of the

researcher in determining the TFA and TCA.

Method

Ten subjects were recruited in this pilot study. The position of the camera, size
and position of markers, standard standing position, and angle determination were the
same as in the experiment (see Chapter Ill). Twenty adhesive circular flat markers
were attached on the subject’s legs. The subject was asked to stand on the standard
footprint for 5 seconds in each time. The researcher was taken a picture 2 times in
anterior, lateral, and posterior view. After that, the images were used for determination

of angles.

The images were determined using a goniometer. Intraclass correlation
coefficient was used to determine the intratester reliability for each angle. The angle

are shown in Table G.1
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Table G.1 The TFA and TCA in ten subjects

Appendix / 60

Subjects TFA (degrees) TCA (degrees)
Anterior Anterior Lateral Lateral Posterior | Posterior

No. (Lt) (Rt.) (Lt) (Rt.) (Lt.) (Rt.)
1 2 1 2 1 2 1 2 1 2 1 2
1 6.0 | 80|80 |90 |00 |00| 40| 10| 40 | 5.0 |10.0|10.0
2 70 | 70190 |90 | 70|70 |110|110| 80 | 80 | 50 | 5.0
3 60 | 50| 70| 70|00 |00|20|20 |30 |20 70| 6.0
4 1.0 | 10| 00| 00 | 6.0 | 30| 40 | 20 | 80 | 9.0 | 140 11.0
5 6.0 | 60 90 |80 |80 |80| 50| 50| 40| 40| 40 | 4.0
6 80 [ 9.0 |100(10.0| 40 | 3.0 |16.0|170| 70 | 7.0 |11.0|11.0
7 80 |80 |11.0|11.0{10.0| 9.0 |17.0|17.0|15.0|15.0|13.0|12.0
8 70 | 70 |11.0|{110| 50 | 50| 5.0 | 3.0 | 20 | 20 | 10.0| 9.0
9 80 80|80 |80|20|10| 40| 50|60 |60| 70|70
10 1.0 |10| 20|20 |10 | 60| 1.0 | 1.0 | 10.0 |10.0| 9.0 | 8.0
The intraclass correlation coefficient showed high intratester reliability.

Intratester reliability of the TFA in anterior (Lt. and Rt.) and lateral view (Lt. and Rt.)
was 0.9792, 0.9959, 0.9025, and 0.9872, respectively. While intratester reliability of
the TCA in posterior view (Lt. and Rt.) was 0.9947 and 0.9348., respectively.
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APPENDIX H
RESULTS OF THE PILOT STUDIES 111
DETERMINING STANDARD FOOTPRINT

The purpose of this pilot study was to determine average values of the heel to
heel distances and foot angle in children aged 3 to 7 years for designing a standard
footprint to examine whether heel to heel distances and foot angles correlated with

age.

Twenty-one subjects were recruited in this pilot study. The heel to heel distances
was measured from the center of one heel to the center of another heel. The foot angle
was determined by drawing the two connecting lines. One line connects between the
center of second toe and the center of the heel. The other line is a reference line that is

perpendicular to a horizontal line connects to the center of the heel.

Table H.1 Means and standard deviations of heel to heel distances and foot angles

Subjects aged 3 to 7 yrs
Standard standing position of subject (n=21)
Mean + SD
Heel to heel distances (cm) 9.66 + 2.58
average foot angle (°) 6.49 £ 5.05

The correlations of average heel to heel distances and average foot angles across
age showed low correlations. The correlations were -0.153 and 0.179 respectively. The
results indicated that the heel to heel distances and foot angles in children aged 3 to 7

years were not changed by age.
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APPENDIX |
RESULTS OF THE PILOT STUDIES IV
THE TFA AND TCA
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The purpose of this pilot study was to determine average values of the TFA and

TCA and also determine correlations of TFA across age, TCA across age, and TFA

and TCA in children aged 3 to 7 years.

Table 1.1 Means and standard deviations of age, weight, height, legs length and leg

length discrepancy (LLD)

3 yrs 4yrs 5yrs 6 yrs 7yrs
Characteristics (n=2) (n=16) (n=6) (n=5) (n=2)
Mean £ SD Mean + SD Mean £ SD Mean £ SD Mean £ SD
Age (yrs) 271084 | 413+0.12 5.25+ 0.32 6.02 £ 0.24 6.80 + 0.14
Weight (kg) 1550+ 354 | 1550+1.05 | 17.00+2.28 | 19.80+4.32 | 1850+ 0.71
Height (cm) 96.00 £ 1.41 | 101.50 + 2.74 | 109.67 + 3.67 | 114.00 + 4.18 | 114.50 + 2.12
Lt. leg length (cm) | 45.75+0.35 | 49.67 +1.75 | 54.83+1.60 | 57.90+ 2.41 | 59.50 + 4.95
Rt. leg length (cm) | 46.00 + 0.71 | 49.83+2.04 | 54.67 +1.86 | 57.80+ 256 | 59.50 + 4.95
LLD (cm) 025+0.35 | 0.17+0.41 0.17+0.41 0.30 £ 0.45 0.00 + 0.00
Table 1.2 Means and standard deviations of the TFA in frontal and sagittal plane
3yrs 4yrs 5yrs 6 yrs 7yrs
TFA (°) (n=2) (n=16) (n=16) (n=5) (n=2)
Mean £SD | Mean+SD | Mean* SD | Mean +SD | Mean + SD
Frontal (Lt. + Rt.)/2 | 7.88+4.07 | 7.00+1.71 | 6.04+1.84 | 520+ 2.74 | 6.38 + 1.59
Sagittal (Lt. + Rt.)/2 | 4.38+4.07 | 4.25+358 | 525+3.06 | 4.95+3.41 | 550+ 1.41
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Figure 1.1 Means of the TFA in frontal plane across age
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Figure 1.2 Means of the TFA in sagittal plane across age
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Table 1.3 Means and standard deviations of TCA

3yrs 4yrs 5yrs 6 yrs 7yrs
TCA (°) (n=2) (n=16) (n=16) (n=5) (n=2)
Mean+SD | Mean+SD | Mean+SD | Mean+SD | Mean = SD
(Lt. + Rt.)/2 1250+4.25 | 550+3.26 | 7.04+5.15 | 850+3.87 | 5.13+1.59
5
PR -'O. o~.
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Figure 1.3 Means of the TCA across age

The correlations of the TFA in frontal and sagittal plane, and the TCA across age

showed low correlations. The correlations were -0.432, 0.047, and -0.155,
respectively. For the correlation of TFA in frontal plane across TCA showed medium

correlation. The correlation was -0.49. While the correlation of TFA in sagittal plane

across TCA showed low correlation. The correlation was 0.167.
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RAW DATA OF THE PILOT STUDY

Table J.1 Characteristics of subjects

Subject | Gender | Age | Agerange | Weight | Height Legs Length
No. (yr) (yr) (kg) (cm) Lt. Rt. LLD.
1 F 2.11 3 18.00 97.00 | 46.00 | 46.50 | 0.50
2 F 3.30 3 13.00 95.00 | 45.50 | 45.50 | 0.00
3 M 4.00 4 15.00 | 100.00 | 48.50 | 48.50 | 0.00
4 F 4.00 4 16.00 | 101.00 | 50.50 | 50.50 | 0.00
5 M 4.10 4 14.00 98.00 | 47.00 | 47.00 | 0.00
6 F 4.20 4 17.00 | 106.00 | 52.00 | 53.00 | 1.00
7 F 4.20 4 15.00 | 103.00 | 49.50 | 49.50 | 0.00
8 F 4.30 4 16.00 | 101.00 | 50.50 | 50.50 | 0.00
9 M 4.80 9 21.00 | 114.00 | 55.00 | 55.00 | 0.00
10 F 5.00 5 15.00 | 106.00 | 53.00 | 53.00 | 0.00
11 M 5.20 5 17.00 | 109.00 | 53.00 | 52.00 | 1.00
12 5 5.30 5 16.00 | 105.00 | 55.00 | 55.00 | 0.00
13 F 5.60 5 15.00 | 113.00 | 56.00 | 56.00 | 0.00
14 M 5.60 5 18.00 | 111.00 | 57.00 | 57.00 | 0.00
15 M 5%%) 6 27.00 | 119.00 | 60.00 | 60.00 | 0.00
16 M 5.90 6 17.00 | 112.00 | 56.00 | 56.50 | 0.50
17 F 6.00 6 16.00 | 110.00 | 56.50 | 56.50 | 0.00
18 F 6.20 6 19.00 | 111.00 | 56.00 | 55.00 | 1.00
19 F 6.30 6 20.00 | 118.00 | 61.00 | 61.00 | 0.00
20 F 6.70 7 18.00 | 116.00 | 63.00 | 63.00 | 0.00
21 M 6.90 7 19.00 | 113.00 | 56.00 | 56.00 | 0.00
No. = number
yr = year
kg = kilogram
cm = centimeter
Lt. = left
Rt. =right

LLD = leg length discrepancy
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Table J.2 Heel to heel distances (cm) and foot angles (°)
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Average
Subject Heel to heel distances (cm) Lt. foot angle (°) Rt. foot angle (°) foot angle (°)

No. 1 2 3 X1 1 2 3 X2 1 2 3 X3 (Xot+ X3)/2
1 750 | 860 | 9.30 | 8.47 1.00 9.00 4.00 4.67 3.00 5.00 2.00 3.33 4.00

2 580 | 450 | 3.20 | 4.50 -8.00 -7.00 6.00 -3.00 | 23.00 7.00 7.00 12.33 4.67

3 6.80 | 15.60 | 9.00 | 10.47 | 14.00 2.00 2.00 6.00 -7.00 0.00 -2.00 -3.00 1.50

4 14.50 | 13.30 | 10.50 | 12.77 1.00 5.00 4.00 3.33 9.00 24.00 6.00 13.00 8.17

5 790 | 390 | 1180 | 7.87 5.00 6.00 1.00 4.00 9.00 15.00 9.00 11.00 7.50

6 10.00 | 9.80 | 9.80 | 9.87 17.00 | 11.00 8.00 12.00 | 15.00 9.00 17.00 | 13.67 12.83
7 13.90 | 14.30 | 12.70 | 13.63 | 6.00 4.00 4.00 4.67 -4.00 -5.00 8.00 -0.33 2.17

8 14.30 | 9.20 | 14.50 | 12.67 | -10.00 | 1.00 -6.00 -5.00 1.00 -3.00 -8.00 -3.33 -4.17
9 9.10 | 11.00 | 9.30 | 9.80 9.00 11.00 | 15.00 | 11.67 | 15.00 | 22.00 | 28.00 | 21.67 16.67
10 11.90 | 14.70 | 13.50 | 13.37 | 10.00 5.00 6.00 7.00 5.00 9.00 15.00 9.67 8.33
11 10.10 | 10.10 | 11.00 | 10.40 | 7.00 8.00 10.00 8.33 20.00 | 14.00 3.00 12.33 10.33
12 9.60 | 11.70 | 8.90 | 10.07 | 11.00 8.00 4.00 7.67 9.00 3.00 9.00 7.00 7.33
13 15.00 | 7.40 | 14.20 | 12.20 | -1.00 -5.00 -6.00 -4.00 -1.00 6.00 -1.00 1.33 -1.33
14 460 | 640 | 840 | 6.47 7.00 9.00 11.00 9.00 15.00 | 20.00 4.00 13.00 11.00
15 6.90 | 9.60 | 1150 | 9.33 -2.00 0.00 -2.00 -1.33 | 29.00 | 18.00 4.00 17.00 7.83
16 11.70 | 13.60 | 10.10 | 11.80 | 2.00 4.00 8.00 4.67 7.00 -7.00 | 10.00 3.33 4.00
17 11.00 | 8.20 | 8.80 | 9.33 -6.00 3.00 -5.00 -2.67 5.00 10.00 | 12.00 9.00 3.17
18 6.00 | 11.30 | 9.30 | 8.87 11.00 1.00 3.00 5.00 2.00 6.00 4.00 4.00 4.50
19 7.80 | 9.20 | 9.20 | 8.73 12.00 3.00 4.00 6.33 18.00 | 12.00 1.00 10.33 8.33
20 9.50 | 7.60 | 6.00 | 7.70 | 23.00 | 15.00 | 16.00 | 18.00 9.00 14.00 | 11.00 | 11.33 14.67
21 480 | 3.20 | 5.80 | 4.60 8.00 6.00 3.00 5.67 1.00 10.00 1.00 4.00 4.83

No. = number

X1, X 2, X3 = average values
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Table J.3 TFA (°) of subjects aged 3 to 7 years
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Tibiofemoral Angle (°)
Subject | Age Frontal plane Sagittal plane
No. (yr) Lt. Rt. Lt. Rt.
1 2 X1 1 2 X5 1 2 X3 1 2 X4
1 211 | 5.00 | 5.00 | 5.00 | 13.00 | 15.00 | 14.00 | 6.00 | 5.00 | 5.50 | 8.00 | 10.00 | 9.00
2 3.30| 8.00 | 7.00 | 750 | 5.00 | 5.00 | 5.00 | 0.00 | 0.00 | 0.00 | 5.00 | 1.00 | 3.00
3 4.00| 1.00 | 3.00 | 2.00 | 8.00 | 10.00 | 9.00 6.00 | 7.00 | 6.50 | 10.00 | 8.00 | 9.00
4 4,00| 6.00 | 8.00 | 7.00 | 8.00 | 9.00 | 850 | 0.00 | 0.00 | 0.00 | 4.00 | 1.00 | 2.50
5 410| 7.00 | 7.00 | 7.00 | 9.00 | 9.00 | 9.00 7.00 | 7.00 | 7.00 | 11.00 | 11.00 | 11.00
6 420 | 8.00 | 8.00 | 800 | 6.00 | 6.00 | 6.00 | 400 | 3.00 | 350 | 1.00 | 1.00 | 1.00
7 420| 7.00 | 8.00 | 750 | 800 | 7.00 | 7.50 2.00 | 3.00 | 250 | 6.00 | 6.00 | 6.00
8 430 | 6.00 | 5.00 | 550 | 7.00 | 7.00 | 7.00 | 0.00 | 0.00 | 0.00 | 2.00 | 2.00 | 2.00
9 480| 8.00 | 9.00 | 850 | 7.00 | 7.00 | 7.00 6.00 | 800 | 7.00 | 4.00 | 3.00 | 3.50
10 5.00 | 4.00 | 4.00 | 4.00 | 400 | 500 | 450 | 3.00 | 200 | 250 | 3.00 | 3.00 | 3.00
11 5.20 | 9.00 | 10.00 | 9.50 | 7.00 | 7.00 | 7.00 | 13.00 | 14.00 | 13,50 | 6.00 | 8.00 | 7.00
12 530 | 4.00 | 400 | 400 | 500 | 5.00 | 5.00 200 | 200 | 2.00 | 4.00 | 5.00 | 450
13 5.60 | 8.00 | 8.00 | 8.00 | 6.00 | 6.00 | 6.00 9.00 |10.00 | 9.50 | 5.00 | 4.00 | 4.50
14 5.60 | 4.00 | 4.00 | 400 | 6.00 | 400 | 5.00 | 3.00 | 3.00 | 3.00 | 2.00 | 4.00 | 3.00
15 5.70 | 5.00 | 5.00 | 5.00 | 7.00 | 6.00 | 6,50 | 13.00 | 6.00 | 9.50 | 12.00 | 10.00 | 11.00
16 5.90| 3.00 | 7.00 | 5.00 | 800 | 7.00 | 7.50 200 | 1.00 | 1.50 | 4.00 | 3.00 | 3.50
17 6.00 | 400 | 7.00 | 550 | 6.00 | 7.00 | 650 | 0.00 | 0.00 | 0.00 | 6.00 | 6.00 | 6.00
18 6.20 | 1.00 | 1.00 | 1.00 | 0.00 | 0.00 | 0.00 6.00 | 3.00 | 450 | 4.00 | 2.00 | 3.00
19 6.30 | 7.00 | 7.00 | 7.00 | 8.00 | 8.00 | 8.00 | 4.00 | 4.00 | 400 | 6.00 | 7.00 | 6.50
20 6.70 | 6.00 | 7.00 | 6.50 | 5.00 | 4.00 | 450 | 4.00 | 8.00 | 6.00 | 1.00 | 5.00 | 3.00
21 6.90 | 6.00 | 6.00 | 6.00 | 9.00 | 8.00 | 8.50 8.00 | 800 | 8.00 | 5.00 | 5.00 | 5.00
Mean | 5.02 | 5,57 | 5.02 | 557 | 6.19 | 588 | 6.76 6.76 | 6.76 | 467 | 448 | 457 | 5.19
SD 120 | 225 | 218 | 213 | 247 | 286 | 262 | 385 | 3.79 | 3.68 | 3.01 | 3.08 | 2.90
No. = number
Lt. = left
Rt. =right

X1, X2 X3, X4 = average values
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Table J.4 TCA (°) of subjects aged 3 to 7 years
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Subject Tibiocalcaneal Angle (°)
No. Lt. Rt.
1 2 X1 1 2 Xo
1 7.00 7.00 7.00 17.00 | 17.00 | 17.00
2 14.00 | 14.00 | 14.00 | 15.00 | 9.00 12.00
3 4.00 1.00 2.50 6.00 8.00 7.00
4 4.00 5.00 4.50 10.00 | 10.00 | 10.00
5 8.00 8.00 8.00 5.00 5.00 5.00
6 12.00 | 11.00 | 11.50 | 2.00 4.00 3.00
7 1.00 6.00 3.50 2.00 2.00 2.00
8 3.00 2.00 2.50 7.00 6.00 6.50
9 4.00 7.00 5.50 2.00 4.00 3.00
10 4.00 6.00 5.00 9.00 12.00 | 10.50
11 5.00 8.00 6.50 2.00 2.00 2.00
12 3.00 3.00 3.00 4.00 3.00 3.50
13 14,00 | 12.00 | 13.00 | 18.00 | 22.00 | 20.00
14 8.00 5.00 6.50 6.00 6.00 6.00
15 14.00 | 10.00 | 12.00 | 12.00 | 16.00 | 14.00
16 1.00 1.00 1.00 9.00 10.00 9.50
17 7.00 7.00 7.00 4.00 5.00 4.50
18 8.00 9.00 8.50 14,00 | 11.00 | 12.50
19 5.00 5.00 5.00 11.00 | 11.00 | 11.00
20 4.00 4.00 4.00 8.00 9.00 8.50
21 4.00 4.00 4.00 4.00 4.00 4.00
No. = number
Lt. = left
Rt. = right

x1, X, = average values
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RAW DATA OF THE STUDY

Table K.1 Characteristics of subjects

Subject | Gender | Age | Age Range | Weight | Height Legs length (cm)
No. (yr) (kg) (cm) Lt. Rt. | LLD.
1 F 2.92 3 13 92 42 42 0
2 M 3.17 3 14 100 49 49 0
3 F 3.75 4 16 101 495 | 495 0
4 M 3.75 4 13 96 46 46 0
) M 3.75 4 15 97 47 47 0
6 F 3.75 4 15 100 50 50 0
7 M 3.83 4 15 104 485 | 485 0
8 M 3.83 4 17 105 52 52 0
9 F 3.83 4 13 96 49 49 0
10 F 3.92 4 17 97 48 48 0
11 F 3.92 4 18 102 50 50 0
12 M 3.92 4 14 100 475 | 475 0
13 M 3.92 4 12.5 107 515 | 515 0
14 M 3.92 4 14 101 495 | 495 0
15 F 4.00 4 13 95 47 47 0
16 F 4.00 4 15 99 48 | 475 | 05
17 F 4.00 4 18 105 525 | 525 0
18 F 4.08 4 13 97 485 | 485 0
19 F 4.17 4 16 104 51 51 0
20 F 4.17 4 19 104 515 | 515 0
21 F 4.25 4 21 112 55 55 0
22 F 4.83 5 20 111 56.5 | 56.5 0
23 F 4.83 5 16 107 55 55 0
24 F 4.92 5 15 102 50 50 0
25 M 4.92 5 20 109 54 54 0
26 M 4.92 5 15 106 54 54 0
27 M 5.00 5 21 110 555 | 555 0
28 M 5.00 5 18 109 54 54 0
29 M 5.08 5 16 113 575 | 57.5 0
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Table K.1 Characteristics of subjects (continued)
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Subject | Gender | Age | Age Range | Weight | Height Legs length (cm)
No. (yr) (kg) (cm) Lt. Rt. | LLD.
30 F 5.08 5 18 104 56 56 0
31 F 5.17 5 16 106 51.5 | 51.5 0
32 F 5.17 5 16 109 56 56 0
33 F 5.25 o 16 110 545 | 545 0
34 F 5.25 5 24 115 58 | 575 | 05
35 F 823 5 19 115 575 | 57.5
36 F 5.25 5 15 109 53 53
37 F 5.75 6 20 113 60.5 | 60.5
38 = 5.83 6 18 111 57 | 575 | 05
39 M 5.83 6 18 108 54 54 0
40 M 5.92 6 22 116 57 57 0
41 F 6.00 6 17.5 113 57 57 0
42 M 6.00 6 26 120 58 58 0
43 = 6.00 6 19 106 58| |85.5 0
44 M 6.00 6 21 115 575 | 57.5 0
45 M 6.00 6 19 110 53 53 0
46 M 6.00 6 21 116 58 | 585 | 05
47 F 6.08 6 19 113 55 55 0
48 M 6.08 6 17 116 61 61 0
49 F 6.08 6 16 113 59 59 0
50 M 6.17 6 20 112 57 57 0
51 F 6.25 6 17 106 56 56 0
52 M 6.25 6 18 111 55.,5 | 55.5 0
53 F 6.25 6 18 116 60.5 | 60 0.5
54 F 6.25 6 19 115 59.5 | 59.5 0
55 M 6.25 6 19 113 575 | 57.5 0
56 F 6.25 6 18 119 60.5 | 60.5 0
57 F 6.75 7 19 117 66 66 0
58 F 6.83 7 17 111 59.5 | 59.5 0
59 F 6.83 7 26 118 62.5 | 62.5 0
60 M 6.92 7 20 113 58.5 | 58.5 0
61 M 6.92 7 23 117 60 60 0
62 M 6.92 7 18 116 58 58 0
63 M 7.00 7 21.5 115 56.5 | 56.5 0
64 M 7.00 7 23.5 124 62 62 0
65 M 7.00 7 20 116 57 57 0
66 M 7.08 7 22 117 58 58 0
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Table K.1 Characteristics of subjects (continued)

Subject | Gender | Age | Age Range | Weight | Height Legs length (cm)
No. (yr) (kg) (cm) Lt. Rt. | LLD.
67 M 7.17 7 21 124 60.5 | 60.5 0
68 M 7.17 7 29 126 54 54 0
69 M 7.25 7 20 120 62 62 0

No. = number

yr = year

kg = kilogram

cm = centimeter

Lt. = left

Rt. = right

LLD = leg length discrepancy
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Table K.3 The TCA (degrees) of 69 subjects aged 3 to 7 years

Subjects | Age Tibiocalcaneal Angle (degrees)
No. (yn) Lt. Rt.
Cil Ci2 | Cjaver.| C,1 C,2 | Coaver. | (Cjaver.+Cjaver.)/2
1 292 | -800 | -7.00 | -750 | -12.00 | -12.00 | -12.00 -9.75
2 3.17 | -15.00 | -16.00 | -15.50 | -12.00 | -13.00 | -12.50 -14
3 3.75| -6.00 | -5.00 | -5.50 | -14.00 | -15.00 | -14.50 -10
4 3.75 | -12.00 | -11.00 | -11.50 | -8.00 | -9.00 | -8.50 -10
5 3.75| -800 | -800 | -800 | -7.00 | -4.00 | -5.50 -6.75
6 3.75| -6.00 | -6.00 | -6.00 | -11.00 | -11.00 | -11.00 -8.5
7 3.83 | -15.00 | -16.00 | -15.50 | -5.00 | -7.00 | -6.00 -10.75
8 3.83 | -14.00 | -11.00 | -12.50 | -3.00 | -3.00 | -3.00 -7.75
9 3.83 | -10.00 | -10.00 | -10.00 | -15.00 | -15.00 | -15.00 -12.5
10 392 | -300 | -1.00 | -2.00 | -10.00 | -10.00 | -10.00 -6
11 3.92 | -5.00 1.00 -2.00 | -17.00 | -17.00 | -17.00 -9.5
12 3.92 | -15.00 | -14.00 | -14.50 | -10.00 | -10.00 | -10.00 -12.25
13 392| 400 | -500 | -450 | -1.00 | -1.00 | -1.00 -2.75
14 3.92 | -13.00 | -11.00 | -12.00 | -15.00 | -13.00 | -14.00 -13
15 400| 500 | -5.00 | -5.00 | -16.00 | -16.00 | -16.00 -10.5
16 400| -9.00 | -9.00 | -9.00 | -9.00 | -9.00 | -9.00 -9
17 400 | -700 | -700 | -7.00 | -4.00 | -8.00 | -6.00 -6.5
18 4.08 | -15.00 | -14.00 | -14.50 | -11.00 | -10.00 | -10.50 -12.5
19 417 | -12.00 | -11.00 | -11.50 | -6.00 | -6.00 | -6.00 -8.75
20 417 | -11.00 | -12.00 | -11.50 | -9.00 | -8.00 | -8.50 -10
21 425| 6.00 | -500 | -550 | -3.00 | -2.00 | -2.50 -4
22 4.83 | -15.00 | -12.00 | -13.50 | -12.00 | -12.00 | -12.00 -12.75
23 483 | 6.00 | -5.00 | -550 | -12.00 | -11.00 | -11.50 -8.5
24 492 | -500 | -6.00 | -550 | -12.00 | -13.00 | -12.50 -9
25 492 | -10.00 | -10.00 | -10.00 | -17.00 | -18.00 | -17.50 -13.75
26 492 | -13.00 | -12.00 | -12,50 | -11.00 | -10.00 | -10.50 -11.5
27 500 | -9.00 | -9.00 | -9.00 | -10.00 | -9.00 | -9.50 -9.25
28 500 | -400 | -400 | -400 | -7.00 | -7.00 | -7.00 -5.5
29 5.08 | -11.00 | -12.00 | -11.50 | -4.00 | -4.00 | -4.00 -7.75
30 508 | -8.00 | -8.00 | -8.00 | -7.00 | -7.00 | -7.00 -7.5
31 517 | -9.00 | -700 | -8.00 | -9.00 | -8.00 | -8.50 -8.25
32 5.17 | -12.00 | -12.00 | -12.00 | -12.00 | -14.00 | -13.00 -12.5
33 525| -700 | -6.00 | -6.50 | -6.00 | -5.00 | -5.50 -6
34 525| -6.00 | -10.00 | -8.00 | -11.00 | -14.00 | -12.50 -10.25
35 525 | -2.00 | -200 | -2.00 | -4.00 | -4.00 | -4.00 -3
36 525| -9.00 | -8.00 | -850 | -11.00 | -10.00 | -10.50 -9.5
37 5.75 | -10.00 | -10.00 | -10.00 | -7.00 | -8.00 | -7.50 -8.75
38 583 | -7.00 | -8.00 | -7.50 | -10.00 | -9.00 | -9.50 -8.5
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Table K.3 The TCA (degrees) of 69 subjects aged 3 to 7 years (continued)

Subjects | Age Tibiocalcaneal Angle (degrees)

No. (yn) Lt. Rt.
Cil Ci2 Cjaver. C,1 C,2 Coaver. | (C,aver.+Cjaver.)/2

39 5.83 | -13.00 | -12.00 | -12.50 | -13.00 | -15.00 | -14.00 -13.25
40 592 | -12.00 | -12.00 | -12.00 | -11.00 | -13.00 | -12.00 -12
41 6.00 | -10.00 | -13.00 | -11.50 | -10.00 | -8.00 | -9.00 -10.25
42 6.00 | -13.00 | -14.00 | -13.50 | -6.00 | -7.00 | -6.50 -10
43 6.00| -9.00 | -9.00 | -9.00 | -19.00 | -19.00 | -19.00 -14
44 6.00 | -12.00 | -11.00 | -11.50 | -12.00 | -11.00 | -11.50 -11.5
45 6.00| -2.00 | -1.00 | -1.50 | -2.00 | -2.00 | -2.00 -1.75
46 6.00 | -11.00 | -11.00 | -11.00 | -12.00 | -12.00 | -12.00 -11.5
47 6.08| -9.00 | -800 | -850 | -6.00 | -6.00 | -6.00 -7.25
48 6.08| -9.00 | -9.00 | -9.00 | -10.00 | -11.00 | -10.50 -9.75
49 6.08 | -12.00 | -12.00 | -12.00 | -8.00 | -8.00 | -8.00 -10
50 6.17| -9.00 | -10.00 | -9.50 | -7.00 | -7.00 | -7.00 -8.25
51 6.25| -4.00 | -4.00 | -4.00 | -10.00 | -9.00 | -9.50 -6.75
52 6.25 | -12.00 | -11.00 | -11.50 | -10.00 | -8.00 | -9.00 -10.25
53 6.25 | -13.00 | -12.00 | -12.50 | -7.00 | -7.00 | -7.00 -9.75
54 6.25 | -13.00 | -12.00 | -12.50 | -6.00 | -6.00 | -6.00 -9.25
55 6.25| -6.00 | -5.00 | -550 | -9.00 | -9.00 | -9.00 -7.25
56 6.25| -7.00 | -7.00 | -7.00 | -2.00 | -2.00 | -2.00 -4.5
57 6.75| -8.00 | -7.00 | -7.50 | -8.00 | -8.00 | -8.00 -7.75
58 6.83 | -6.00 | -5.00 | -550 | -13.00 | -13.00 | -13.00 -9.25
59 6.83 | -10.00 | -10.00 | -10.00 | -2.00 | -3.00 | -2.50 -6.25
60 6.92| -7.00 | -7.00 | -7.00 | -10.00 | -11.00 | -10.50 -8.75
61 6.92| -400 | -3.00 | -350 | -2.00 | -4.00 | -3.00 -3.25
62 6.92| -8.00 | -9.00 | -850 | -13.00 | -14.00 | -13.50 -11
63 7.00 | -13.00 | -11.00 | -12.00 | -14.00 | -12.00 | -13.00 -12.5
64 7.00| -3.00 | -3.00 | -3.00 | -2.00 | -3.00 | -2.50 -2.75
65 7.00 | -14.00 | -14.00 | -14.00 | -12.00 | -11.00 | -11.50 -12.75
66 7.08| -6.00 | -5.00 | -550 | -2.00 | -2.00 | -2.00 -3.75
67 7.17| -7.00 | -9.00 | -8.00 | -10.00 | -9.00 | -9.50 -8.75
68 7.17 | -13.00 | -12.00 | -12.50 | -13.00 | -13.00 | -13.00 -12.75
69 7.25 | -11.00 | -10.00 | -10.50 | -8.00 | -8.00 | -8.00 -9.25

No. = Number

yr = year

Lt. = left

Rt. = right

aver. = average
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