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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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บทคัดย่อ 
 

        การศึกษานี้มีวัตถุประสงค์เพื่อหาค่าเฉลี่ยของมุมข้อเข่าและมุมข้อเท้า และค่าความสัมพันธ์
ระหว่างมุมเหล่านี้กับอายุ และความสัมพันธ์ระหว่าง มุมข้อเข่าและมุมข้อเท้า โดยการวิเคราะห์จาก
ภาพถ่ายในเด็กกรุงเทพมหานครทั่วไป อายุ 3 ถึง 7 ปี  จ านวน 69 คน (หญิง 36 คน และ ชาย 33 คน) 
สุ่มจากโรงเรียนอนุบาลและโรงเรียนประถมศึกษาในกรุงเทพมหานครสังกัดส านักงาคณะกรรมการ
การศึกษาขั้นพื้นฐาน (สพฐ.) กลุ่มตัวอย่างเด็กจะถูกแบ่งออกเป็น 5 กลุ่มอายุ เด็กต้องยืนตรงให้
ตะโพกอยู่ในท่าปกติ เข่าเหยียดเต็มที่ ลูกสะบ้าหันไปด้านหน้าตาตุ่มหรือเข่าชิดกัน เท้าวางราบบน
ฐานส าหรับยืนที่ก าหนดต าแหน่งการวางเท้าไว้ ผู้วิจัยติดสติ๊กเกอร์บนขาทั้งสองข้างของเด็ก โดยเด็ก
ถูกขอให้ยืนนิ่งเป็นเวลา 5 วินาที ผู้วิจัยถ่ายภาพขาของผู้เข้าร่วมการวิจัยทั้งด้านหน้า ด้านข้าง และ
ด้านหลัง ด้านละ 2 คร้ัง จากนั้นผู้วิจัยน าภาพที่ได้มาพิมพ์ลงบนกระดาษเพื่อท าการวิเคราะห์มุม 
 

        ผลการศึกษาแสดงค่ามุมข้อเข่าด้านหน้า และด้านข้างมีแนวโน้มที่เพิ่มขึ้นตามอายุจนเกือบเป็น 
0 องศา ส าหรับค่ามุมข้อเข่าด้านหน้าในทุกกลุ่มอายุแสดงให้เห็นเฉพาะค่าลบซึ่งแสดงถึงผู้เข้าร่วม
การวิจัยทุกคนมีเข่าชน ส าหรับมุมข้อเข่า  ในด้านข้างในทุกกลุ่มอายุแสดงค่าหลากหลายในเด็กกลุ่ม
อายุเดียวกันทั้งค่าบวก ค่าศูนย์และค่าลบซึ่งแสดงถึงเด็กในกลุ่มอายุเดียวกันมีเข่างอ เข่าตรง และเข่า
แอ่น ยกเว้นเด็กกลุ่มอายุ 3 ปีที่มีค่ามุมข้อเข่าในด้านข้างเป็นค่าลบเท่านั้น และส าหรับค่า มุมข้อเท้า
ในทุกกลุ่มอายุพบว่ามีค่าเป็นลบซึ่งแสดงถึงข้อเท้าที่มีลักษณะคว่ า และค่าเฉลี่ยของมุมข้อเท้ามี
แนวโน้มที่จะลดลักษณะเท้าที่คว่ าตามอายุที่เพิ่มขึ้น นอกจากนี้ยังพบว่าความสัมพันธ์ของมุมข้อเข่า
ด้านหน้ากับด้านข้างกับอายุ และความสัมพันธ์ระหว่างมุมข้อเข่าและมุมข้อเท้าอยู่ในระดับต่ า และ
ไม่มีนัยส าคัญทางสถิติ (p>0.05) นอกจากมุมข้อเข่าด้านหน้ากับอายุที่พบความสัมพันธ์ในระดับต่ า 
แต่มีนัยส าคัญทางสถิติ (p<0.05)  
 

        จากการศึกษานี้ท าให้ทราบถึงข้อมูลเกี่ยวกับมุมข้อเข่าและข้อเท้าในเด็กกรุงเทพมหานครซึ่ง
สามารถใช้เป็นแนวทางในการประเมินมุมต่าง ๆ ของขาในเด็กได้  
 
 
 
 
77 หน้า. 
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CHAPTER I 

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. 
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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 II 

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
th

 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 Vara) 

   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 II: IMD = 2.5-5.0 centimeters 

    Grade III: 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 1½ - 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 

deviation, which was an average of  4.4, standard deviation =  8 
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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 

 

 

Review 

literature 

 

Age 

(yrs) 

Numbers of 

subject 

(persons) 

 

Assessment 

techniques 

Maximal mean 

TFA 

(degrees) 

Maximal mean 

ICD and IMD 

(centimeters) 

Morley AJM,  

1957 

1-11 769 clinical examination 

     - measuring tape 

 IMD  = 2.5-5 

(3-3.5 yrs) 

Engel 

& 

Staheli, 

1974 

0-14 160 photographic analysis varus = 5 

(<1 yrs) 

valgus = 4.5 

(> 1 yrs) 

 

Salenius 

& 

Vankka, 

1975 

0-16 1,279 radiographic analysis varus  15 

(<1 yrs) 

valgus  15 

( 3 yrs) 

valgus 5-6 

(6-7 yrs) 

 

Cheng et al, 

1991 

0-12 2,630 clinical examination 

     - goniometer 

     - special caliper 

valgus = 8 

(3.5 yrs) 

ICD = 3 

(0 yrs) 

IMD = 2.8 

(3 yrs) 

Heat 

& 

Staheli, 

1993 

1 ½-11 

 

 

196 photographic analysis 

& 

clinical examination  

     - measuring tape 

varus = 15.9 

(1 ½  yrs) 

valgus = 8.7 

(4 yrs) 

ICD = 2.6 

(½ yrs) 

IM = 3.5 

(3-4 yrs) 

Cahuzac et al,  

1995 

 

 

10-16 427 clinical examination 

     - goniometer 

     - measuring tape 

varus = 4.4 

(boys, 15-16 yrs) 

constant valgus = 5.5 

(girls) 

ICD < 4, IMD < 8 

(boys) 

ICD < 5, IMD < 4 

(girls) 

Arazi et al, 

2001 

3-17 590 clinical examination 

     - goniometer 

     - measuring tape 

valgus = 9.8 

(boys, 7 yrs) 

valgus = 9.6 

(girls, 6 yrs) 

IMD = 2.4 

(boys, 5 yrs) 
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CHAPTER III 

 

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
th

 to 90
th

 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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Table 3.1 Numbers of children in 5 age groups 

 

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 

7 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 A1 and A2 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 B1 and B2 that are between the intersections of 

both lines. (see Figure 3.7). 

 

 

 

 

 

 

 

A

2 

A

1 
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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 C1 and C2 that are between the 

intersections of both lines. The positive value will represents inversion and negative 

value represents eversion (see Figure 3.8). 

 

B2 B1 
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 Figure 3.8  The TCA determination 

C1 C2 
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Figure  3.9 A summary of procedure of the present study 

 

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

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

during standardized standing 
 
 

Random eight districts & eight schools 

Contact to eight randomized schools  

to ask permission to go to collect data 

 

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

Random boys and girls in each age group 

 Determine angles from the pictures 
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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) 45.50 ± 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 

 3 yrs 4 yrs 5 yrs 6 yrs 7 yrs 

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 

plane 
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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 ½ 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).  

 

 

Copyright by Mahidol University



Mullika Santayayon  Discussion / 36 
 

 

-12

-10

-8

-6

-4

-2

0

3 4 5 6 7

Age group (years)

T
F

A
 (

d
e
g

re
e
s)

  
in

 f
ro

n
ta

l 
p

la
n

e

Engel & Staheli, 1974

Salenius & Vankka, 1975

Cheng et al, 1991

Heat & Staheli, 1993

Arazi et al, 2001

the present study

 

  

 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  = 0.271 but was statistically significant (p = 0.024). However, the TFA 

in sagittal plane and TCA by age showed poor correlations coefficient of  = 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 ( = -0.011) and 

were no significant (p > 0.05). 
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 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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PARTICIPANT INFORMATION SHEET 

 

 

เอกสารชี้แจงผู้เข้าร่วมการวิจัย 

 

ในเอกสารนี้อาจมีข้อความที่ท่านอ่านแล้วยังไม่เข้าใจ โปรดสอบถามหัวหน้าโครงการวิจัย หรือผู้แทนให้ช่วยอธิบาย

จนกว่าจะเข้าใจดี ท่านอาจจะขอเอกสารนี้กลับไปอ่านที่บ้านเพื่อปรึกษาหารือกับญาติพี่น้อง เพื่อนสนิท แพทย์

ประจ าตัวของท่าน หรือแพทย์ท่านอื่น เพื่อช่วยในการตัดสินใจเข้าร่วมการวิจัย 

ชื่อโครงการวิจัย ข้อมูลเกี่ยวกับมุมของขาในเด็กกรุงเทพมหานคร อายุ 3 ถึง 7 ปี  

ชื่อผู้วิจัย นางสาวมัลลิกา  สันตยายน 

สถานที่วิจัย โรงเรียนอนุบาลและโรงเรียนประถมศึกษาในกรุงเทพฯ 

ผู้ให้ทุน ไม่ม ี

 โครงการวิจัยนี้ท าขึ้นเพื่อหาข้อมูลเกี่ยวกับมุมของขาในเด็กกรุงเทพมหานคร อายุ 3 ถึง 7 ปี  ซ่ึงจะมี

ประโยชน์ที่คาดว่าจะได้รับคือ ท าให้ทราบค่าเฉลี่ยของมุมต่าง ๆ ของขา และทราบความสัมพันธ์ของค่าของมุมต่าง 

ๆ ของขากับอายุ รวมทั้งสามารถใช้ข้อมูลเกี่ยวกับมุมต่าง ๆ ของขาเป็นแนวทางในการประเมินหาความผิดปกติ

เกี่ยวกับขาของเด็กได้ 

 เด็กในปกครองของท่านได้รับเชิญให้เข้าร่วมการวิจัยนี้เพราะเป็นเด็กที่มีสุขภาพดี มีการเจริญเติบโตสมวัย 

และไม่มีประวัติการเจ็บป่วยใด ๆ ที่ส่งผลต่อการวิจัยในครั้งนี้ 

 การวิจัยนี้จะมีผู้เข้าร่วมการวิจัยทั้งส้ินทั้งหมด 1 20 คน โดยใช้ระยะเวลาในการท าวิจัยทั้งส้ินประมาณ  1 

เดือน 
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 เมื่อเด็กในปกครองของท่านเข้าร่วมการวิจัยแล้ว ส่ิงที่เด็กในปกครองของท่านจะต้องปฏิบัติ คือ ช่ังน้ าหนัก 

วัดส่วนสูง วัดความยาวขา จากนั้นติดสติกเกอร์ตามต าแหน่งบนขาทั้งสองข้างทั้งหมด 20 ต าแหน่ง แล้วยืนนิ่ง

ทั้งหมด 8 ครั้ง ๆ ละ 3 วินาที เพื่อให้ผู้วิจัยท าการถ่ายภาพนิ่งของขาเด็กทั้งในแนวด้านหน้า ด้านข้าง และด้านหลัง 

 ในการวิจัยนี้ไม่มีความเสี่ยงใด ๆ ที่อาจจะเกิดขึ้นเมื่อเข้าร่วมการวิจัย  

 หากท่านยินยอมให้เด็กในปกครองของท่านเข้าร่วมการวิจัย ท่านจะต้องกรอกแบบสอบถามที่แนบมาพร้อม

กับเอกสารนี้ และส่งคืนให้อาจารย์ประจ าช้ันภายใน 1 สัปดาห์ พร้อมทั้งลงนามในเอกสารนี้และหนังสือแสดง

เจตนายินยอมเข้าร่วมการวิจัยด้วย หากท่านไม่ประสงค์จะให้เด็กในปกครองของท่านเข้าร่วมการวิจัย ก็ไม่ต้องส่ง

เอกสารทั้งหมดคืน 

 การวิจัยในครั้งนี้ไม่มีค่าตอบแทนให้ และผู้เข้าร่วมวิจัยไม่ต้องรับผิดชอบค่าใช้จ่ายใด ๆ  ทั้งส้ิน 

 หากมีข้อมูลเพิ่มเติมทั้งด้านประโยชน์และโทษที่เกี่ยวข้องกับการวิจัยนี้ ผู้วิจัยจะแจ้งให้ทราบโดยรวดเร็วไม่

ปิดบัง 

 ข้อมูลส่วนตัวของผู้เข้าร่วมการวิจัยจะถูกเก็บรักษาไว้ ไม่เปิดเผยต่อสาธารณะเป็นรายบุคคล แต่จะรายงาน

ผลการวิจัยเป็นข้อมูลส่วนรวม ข้อมูลของผู้เข้าร่วมการวิจัยเป็นรายบุคคลอาจมีคณะบุคคลบางกลุ่มเข้ามาตรวจสอบ

ได้ เช่น สถาบัน หรือองค์กรของรัฐที่มีหน้าที่ตรวจสอบ, คณะกรรมการจริยธรรมฯ เป็นต้น 

 ผู้เข้าร่วมการวิจัยมีสิทธิ์ถอนตัวออกจากโครงการเมื่อใดก็ได้ โดยไม่ต้องแจ้งให้ทราบล่วงหน้า และการไม่

เข้าร่วมการวิจัยหรือถอนตัวออกจากโครงการวิจัยนี้จะไม่มีผลกระทบต่อการบริการที่สมควรจะได้รับแต่ประการ

ใด 

 หากท่านได้รับการปฏิบัติที่ไม่ตรงตามที่ได้ระบุไว้ในเอกสารช้ีแจงนี้ ท่านจะสามารถแจ้งให้ประธาน

คณะกรรมการจริยธรรมฯ ทราบได้ที่ ส านักคณะกรรมการจริยธรรมกรรมการวิจัยในคน ตึกอดุลยเดชวิกรม ช้ัน 5 

ร.พ. ศิริราช เบอร์โทร. (02) 419-7000 ต่อ 6405 

 ข้าพเจ้าได้อ่านรายละเอียดในเอกสารนี้ครบถ้วนแล้ว  

 ลงชื่อ..................................................... /วันที่........................  

        (......................................................)  
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APPENDIX B 

INFORM CONSENT 

 

 

 

                                                                             

 วันที่ …….เดือน.........................พ.ศ.............. 

 ข้า พเจ้า………………………………………................. อาย…ุ…..ปี อาศัยอยู่บ้านเลขที่.............................. 

ถนน…………………………………. ต าบล...................................................  อ าเภอ…………………………….... 

จังหวัด………………………………. รหัสไปรษณีย์...................................... โทรศัพท์........................ ................... 

 ขอแสดงเจตนายินยอมให้เด็กในปกครองของข้าพเจ้าเข้าร่วมโครงการวิจัยเรื่อง “ข้อมูลเกี่ยวกับมุมของขา

ในเด็กกรุงเทพมหานคร อายุ 3 ถึง 7 ปี”  

 โดยข้าพเจ้าได้รับทราบรายละเอียดเกี่ยวกับที่มาและจุดมุ่งหมายในการท าวิจัยรายละเอียดขั้นตอนต่าง ๆ ที่

จะต้องปฏิบัติหรือได้รับการปฏิบัติ ประโยชน์ที่คาดว่าจะได้รับของการวิจัย โดยได้อ่านข้อความที่มีรายละเอียดอยู่

ในเอกสารช้ีแจงผู้เข้าร่วมการวิจัยโดยตลอด อีกทั้งยังได้รับค าอธิบายและตอบข้อสงสัยจากหัวหน้าโครงการวิจัย

เป็นที่เรียบร้อยแล้ว 

 ข้าพเจ้าจึงสมัครใจให้เด็กในปกครองของข้าพเจ้าเข้าร่วมโครงการวิจัยนี้  

 หากข้าพเจ้ามีข้อข้องใจเกี่ยวกับขั้นตอนของการวิจัย หรือหาก เกิดการบาดเจ็บ จากการวิจัยขึ้นกับเด็กใน

ปกครองของข้าพเจ้า ข้าพเจ้าจะสามารถติดต่อกับ นางสาวมัลลิกา  สันตยายน ที่โรงเรียนกายภาพบ าบัด ภาควิชา

ศัลยศาสตร์ออร์โธปิดิกส์และกายภาพบ าบัด คณะแพทยศาสตร์ศิริราชพยาบาล ตึกศรีสังวาลย์ ช้ัน 6 โรงพยาบาลศิริ

ราช เขตบางกอกน้อย กรุงเทพฯ 10700 โทรศัพท์ 084-654-7862 หรือ 0-2373-9558 

หนังสือแสดงเจตนายินยอมเข้าร่วมการวิจัย 
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 หากเด็กในปกครองของข้าพเจ้าได้รับการปฏิบัติไม่ตรงตามที่ได้ระบุไว้ในเอกสารช้ีแจงผู้เข้าร่วมการวิจัย 

ข้าพเจ้าจะสามารถติดต่อกับประธานคณะกรรมการจริยธรรมการวิจัยในคน หรือผู้แทนได้ที่ ส านักคณะกรรมการ

จริยธรรมกรรมการวิจัยในคน ตึกอดุลยเดชวิกรม ช้ัน 5 ร.พ. ศิริราช เบอร์โทร. (02) 419-7000 ต่อ 6405 

 ข้าพเจ้าได้ทราบถึงสิทธิ์ที่ข้าพเจ้าจะได้รับข้อมูลเพิ่มเติมทั้งด้านประโยชน์และโทษจากการเข้าร่วมการวิจัย 

และสามารถถอนตัวหรืองดเข้าร่วมการวิจัยได้ทุกเมื่อ โดยจะไม่มีผลกระทบต่อเด็กในปกครองของข้าพเจ้าและ

ยินยอมให้ผู้วิจัยใช้ข้อมูลส่วนตัวของข้าพเจ้าที่ได้รับจากการวิจัย แต่จะไม่เผยแพร่ต่อสาธารณะเป็นรายบุคคล โดย

จะน าเสนอเป็นข้อมูลโดยรวมจากการวิจัยเท่านั้น 

 ข้าพเจ้าได้เข้าใจข้อความในเอกสารช้ีแจงผู้เข้าร่วมการวิจัย และหนังสือแสดงเจตนายินยอมนี้โดยตลอดแล้ว 

จึงลงลายมือช่ือไว้ 

 

 

 ลงชื่อ.................................................... ผู้เข้าร่วมการวิจัย/ผู้แทนโดยชอบธรรม  

                  (....................................................)  

 วันที่........... ........................................... 

 ลงชื่อ.................................................... ผู้ให้ข้อมูลและขอความยินยอม/หัวหน้าโครงการวิจัย  

         (....................................................)  

 วันที่........... ........................................... 

 ในกรณีผู้เข้าร่วมการวิจัยอ่านหนังสือไม่ออก ผู้ที่อ่านข้อความทั้งหมดแทนผู้เข้าร่วมการวิจัยคือ

.........................................................จึงได้ลงลายมือช่ือไว้เป็นพยาน 

 ลงชื่อ....................................................พยาน/วันที่........... ........................................................... 

         (....................................................)  
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APPENDIX C 

PARENT QUESTIONNAIRE 

 

 

แบบสอบถามผู้ปกครองเกี่ยวกับเด็กและครอบครัว 

 

 วันที่……... เดือน.................................. พ.ศ............... 

ส่วนท่ี 1 ข้อมูลทั่วไป 

 ช่ือ เด็กชาย/เด็กหญิง …………………………………………………………………………….………. 

เกิดวันที่................. เดือน............................................. พ.ศ. ...................... อายุ……………… ปี.....................เดือน 

ก าลังศึกษาอยู่ช้ัน.......................................................... โรงเรียน................................................................................. 

 

กรุณาตอบค าถามต่อไปนี้ โดยท าเครื่องหมาย ลงใน ช่องสี่เหลี่ยม 

ส่วนท่ี 2 ข้อมูลของเด็ก 

1. เด็กของท่านมีโรคประจ าตัวหรือไม่ 

  ไม่ม ี  มี (โปรดระบุ).................................................................... 

2. เด็กของท่านมีประวัติกระดูกสันหลัง กระดูกขาหรือกระดูกเท้าหักหรือไม่ 

  ไม่มี  มี (โปรดระบุ).................................................................... 

3. เด็กของท่านมีประวัติการผ่าตัดที่บริเวณหลัง ขาหรือเท้าหรือไม่ 

  ไม่มี  มี (โปรดระบุ).................................................................... 

   
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4. เด็กของท่านมีประวัติหลังคด หลังค่อม หรือคอเอียงหรือไม่ 

  ไม่มี  มี (โปรดระบุ).................................................................... 

5. เด็กของท่านมีประวัติความผิดปกติเกี่ยวกับการทรงตัวในท่ายืน หรือเดินหรือไม่ 

  ไม่มี  มี 

6. ในขณะนี้เด็กของท่านมีอาการเจ็บปวดหรืออ่อนแรง บริเวณขา เท้า หรือหลัง  จนไม่สามารถยืนหรือเดิน

ได้หรือไม่ 

  ไม่มี  มี (โปรดระบุ).................................................................... 

 

ส่วนท่ี 3 ข้อมูลของสมาชิกในครอบครัว 

7. สมาชิกในครอบครัว (พ่อ แม่ พี่ น้อง) มีประวัติเข่าโก่ง เข่าชน หรือ เข่าแอ่นหรือไม่ 

  ไม่ม ี  

  มี (โปรดระบุความสัมพันธ์กับเด็ก)......................................................................................... 

และโปรดระบุความผิดปกติโดยท าเครื่องหมาย   ลงในช่องส่ีเหลี่ยมใต้รูป 

 

 

  เข่าโก่ง  เข่าชน  เข่าแอ่น 

    
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8. ปัจจุบันสมาชิกในครอบครัว (พ่อ แม่ พี่ น้อง) ยังมีความผิดปกติดังกล่าวอยู่หรือไม่ 

  ไม่ม ี  มี 

9. ความผิดปกติดังกล่าวนั้นหายได้อย่างไร 

  หายเอง  ใช้อุปกรณ์ช่วย (เช่น ใส่เฝือก) 

  ท ากายภาพบ าบัด  ผ่าตัด 

  อื่น ๆ (โปรดระบุ).................................................................................................................... 

 

****************************************************************************************** 

ขอขอบพระคุณที่ให้ความร่วมมือ 

(กรุณาส่งคืนอาจารย์ประจ าช้ันภายใน 1 สัปดาห์) 
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APPENDIX D 

PHYSICAL ASSESSMENT RECORD FORM 

 

 

แบบบันทึกผลการตรวจร่างกาย 

 

 วันที่……... เดือน.................................. พ.ศ............... 

ช่ือ เด็กชาย/เด็กหญิง.................................................................... อายุ................. ....... ปี.....................เดือน 

 

1. น้ าหนักและส่วนสูง 

 น้ าหนัก.................................................................. ............ กิโลกรัม 

   อยู่ระหว่าง P10-P90 

   ไม่อยู่ระหว่าง P10-P90 

 ส่วนสูง............................................................... .............เซนติเมตร 

   อยู่ระหว่าง P10-P90 

   ไม่อยู่ระหว่าง P10-P90 

 

2. ความยาวขา (ASIS to medial malleolus) 

 ความยาวขาซ้าย.................................................. .............เซนติเมตร

 ความยาวขาขวา.................................................. .............เซนติเมตร 

 ความยาวขาแตกต่างกัน...................................... .............เซนติเมตร 
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3. Tibiofemoral angle (TFA)  และ Tibiocalcaneal angle (TCA)  

 

มุม TFA (°) 

anterior view 

TFA (°) 

lateral view 

TCA(°) 

posterior view 

ครั้งที ่ ซ้าย ขวา ซ้าย ขวา ซ้าย ขวา 

ครั้งที่ 1       

ครั้งที่ 2       

เฉลี่ย       
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APPENDIX E 

THE ETHICAL COMMITTEE ON RESEARCH 

INVOLVING HUMAN SUBJECT 
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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 III). 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 II 

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 III). 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 

  

  

 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. 

 

 

 

 

 

Subjects TFA (degrees) TCA (degrees) 

No. 

Anterior 

(Lt.) 

Anterior 

(Rt.) 

Lateral 

(Lt.) 

Lateral 

(Rt.) 

Posterior 

(Lt.) 

Posterior 

(Rt.) 

 1 2 1 2 1 2 1 2 1 2 1 2 

1 6.0 8.0 8.0 9.0 0.0 0.0 4.0 1.0 4.0 5.0 10.0 10.0 

2 7.0 7.0 9.0 9.0 7.0 7.0 11.0 11.0 8.0 8.0 5.0 5.0 

3 6.0 5.0 7.0 7.0 0.0 0.0 2.0 2.0 3.0 2.0 7.0 6.0 

4 1.0 1.0 0.0 0.0 6.0 3.0 4.0 2.0 8.0 9.0 14.0 11.0 

5 6.0 6.0 9.0 8.0 8.0 8.0 5.0 5.0 4.0 4.0 4.0 4.0 

6 8.0 9.0 10.0 10.0 4.0 3.0 16.0 17.0 7.0 7.0 11.0 11.0 

7 8.0 8.0 11.0 11.0 10.0 9.0 17.0 17.0 15.0 15.0 13.0 12.0 

8 7.0 7.0 11.0 11.0 5.0 5.0 5.0 3.0 2.0 2.0 10.0 9.0 

9 8.0 8.0 8.0 8.0 2.0 1.0 4.0 5.0 6.0 6.0 7.0 7.0 

10 1.0 1.0 2.0 2.0 1.0 6.0 1.0 1.0 10.0 10.0 9.0 8.0 
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APPENDIX H 

RESULTS OF THE PILOT STUDIES III 

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 I 

RESULTS OF THE PILOT STUDIES IV 

THE TFA AND TCA 

 

 

 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 I.1  Means and standard deviations of age, weight, height, legs length and leg 

length discrepancy (LLD) 

 3 yrs 4 yrs 5 yrs 6 yrs 7 yrs 

Characteristics (n = 2) (n = 6) (n = 6) (n = 5) (n = 2) 

 Mean ± SD Mean ± SD Mean ± SD Mean ± SD Mean ± SD 

Age (yrs) 2.71 ± 0.84 4.13 ± 0.12 5.25 ± 0.32 6.02 ± 0.24 6.80 ± 0.14 

Weight (kg) 15.50 ± 3.54 15.50 ± 1.05 17.00 ± 2.28 19.80 ± 4.32 18.50 ± 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 ± 2.56 59.50 ± 4.95 

LLD (cm) 0.25 ± 0.35 0.17 ± 0.41 0.17 ± 0.41 0.30 ± 0.45 0.00 ± 0.00 

 

  

Table I.2  Means and standard deviations of the TFA in frontal and sagittal plane  

 3 yrs 4 yrs 5 yrs 6 yrs 7 yrs 

TFA (°) (n = 2) (n = 6) (n = 6) (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 5.20 ± 2.74 6.38 ± 1.59 

Sagittal (Lt. + Rt.)/2 4.38 ± 4.07 4.25 ± 3.58 5.25 ± 3.06 4.95 ± 3.41 5.50 ± 1.41 
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 Figure I.1  Means of the TFA in frontal plane across age 
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 Figure I.2  Means of the TFA in sagittal plane across age 
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Table I.3  Means and standard deviations of TCA 

 3 yrs 4 yrs 5 yrs 6 yrs 7 yrs 

TCA (°) (n = 2) (n = 6) (n = 6) (n = 5) (n = 2) 

 Mean ± SD Mean ± SD Mean ± SD Mean ± SD Mean ± SD 

(Lt. + Rt.)/2 12.50 ± 4.25 5.50 ± 3.26 7.04 ± 5.15 8.50 ± 3.87 5.13 ± 1.59 
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 Figure I.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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APPENDIX J 

RAW DATA OF THE PILOT STUDY 

 

 

Table J.1  Characteristics of subjects 

Subject Gender Age Age range 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 5 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 F 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 5.70 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 () 

 

No. = number 

x1, x 2, x3 = average values 
 

 

 

 

 

 

 

 

 

 

Subject Heel to heel distances (cm) Lt. foot angle (◦) Rt. foot angle (◦) 

Average 

foot angle (◦) 

No. 1 2 3 x1 1 2 3 x2 1 2 3 x3 (x2+ x3)/2 

1 7.50 8.60 9.30 8.47 1.00 9.00 4.00 4.67 3.00 5.00 2.00 3.33 4.00 

2 5.80 4.50 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 7.90 3.90 11.80 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 4.60 6.40 8.40 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 11.50 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 4.80 3.20 5.80 4.60 8.00 6.00 3.00 5.67 1.00 10.00 1.00 4.00 4.83 
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Table J.3  TFA () of subjects aged 3 to 7 years 

No. = number 

Lt. = left 

Rt. = right 

x1, x 2, x3, x4  = average values 

 

 

 

 

 

 

 

    Tibiofemoral Angle (◦) 

Subject Age Frontal plane Sagittal plane 

No. (yr) Lt. Rt. Lt. Rt. 

    1 2 x1 1 2 x2 1 2 x3 1 2 x4 

1 2.11 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 7.50 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 8.50 0.00 0.00 0.00 4.00 1.00 2.50 

5 4.10 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 4.20 8.00 8.00 8.00 6.00 6.00 6.00 4.00 3.00 3.50 1.00 1.00 1.00 

7 4.20 7.00 8.00 7.50 8.00 7.00 7.50 2.00 3.00 2.50 6.00 6.00 6.00 

8 4.30 6.00 5.00 5.50 7.00 7.00 7.00 0.00 0.00 0.00 2.00 2.00 2.00 

9 4.80 8.00 9.00 8.50 7.00 7.00 7.00 6.00 8.00 7.00 4.00 3.00 3.50 

10 5.00 4.00 4.00 4.00 4.00 5.00 4.50 3.00 2.00 2.50 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 5.30 4.00 4.00 4.00 5.00 5.00 5.00 2.00 2.00 2.00 4.00 5.00 4.50 

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 4.00 6.00 4.00 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 8.00 7.00 7.50 2.00 1.00 1.50 4.00 3.00 3.50 

17 6.00 4.00 7.00 5.50 6.00 7.00 6.50 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 4.50 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 4.00 6.00 7.00 6.50 

20 6.70 6.00 7.00 6.50 5.00 4.00 4.50 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 8.00 8.00 5.00 5.00 5.00 

Mean 5.02 5.57 5.02 5.57 6.19 5.88 6.76 6.76 6.76 4.67 4.48 4.57 5.19 

SD 1.20 2.25 2.18 2.13 2.47 2.86 2.62 3.85 3.79 3.68 3.01 3.08 2.90 
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Table J.4 TCA () of subjects aged 3 to 7 years 

 

Subject Tibiocalcaneal Angle (◦) 

No. Lt. Rt. 

 1 2 x1 1 2 x2 

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 2  = average values 
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APPENDIX K 

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 49.5 49.5 0 

4 M 3.75 4 13 96 46 46 0 

5 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 48.5 48.5 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 47.5 47.5 0 

13 M 3.92 4 12.5 107 51.5 51.5 0 

14 M 3.92 4 14 101 49.5 49.5 0 

15 F 4.00 4 13 95 47 47 0 

16 F 4.00 4 15 99 48 47.5 0.5 

17 F 4.00 4 18 105 52.5 52.5 0 

18 F 4.08 4 13 97 48.5 48.5 0 

19 F 4.17 4 16 104 51 51 0 

20 F 4.17 4 19 104 51.5 51.5 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 55.5 55.5 0 

28 M 5.00 5 18 109 54 54 0 

29 M 5.08 5 16 113 57.5 57.5 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. 

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 5 16 110 54.5 54.5 0 

34 F 5.25 5 24 115 58 57.5 0.5 

35 F 5.25 5 19 115 57.5 57.5 0 

36 F 5.25 5 15 109 53 53 0 

37 F 5.75 6 20 113 60.5 60.5 0 

38 F 5.83 6 18 111 57 57.5 0.5 

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 F 6.00 6 19 106 55.5 55.5 0 

44 M 6.00 6 21 115 57.5 57.5 0 

45 M 6.00 6 19 110 53 53 0 

46 M 6.00 6 21 116 58 58.5 0.5 

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 57.5 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. (yr) Lt. Rt.   

    C11 C12 C1aver. C21 C22 C2aver. (C1aver.+C2aver.)/2 

1 2.92 -8.00 -7.00 -7.50 -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 -8.00 -8.00 -8.00 -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 3.92 -3.00 -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 3.92 -4.00 -5.00 -4.50 -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 4.00 -5.00 -5.00 -5.00 -16.00 -16.00 -16.00 -10.5 

16 4.00 -9.00 -9.00 -9.00 -9.00 -9.00 -9.00 -9 

17 4.00 -7.00 -7.00 -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 4.17 -12.00 -11.00 -11.50 -6.00 -6.00 -6.00 -8.75 

20 4.17 -11.00 -12.00 -11.50 -9.00 -8.00 -8.50 -10 

21 4.25 -6.00 -5.00 -5.50 -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 4.83 -6.00 -5.00 -5.50 -12.00 -11.00 -11.50 -8.5 

24 4.92 -5.00 -6.00 -5.50 -12.00 -13.00 -12.50 -9 

25 4.92 -10.00 -10.00 -10.00 -17.00 -18.00 -17.50 -13.75 

26 4.92 -13.00 -12.00 -12.50 -11.00 -10.00 -10.50 -11.5 

27 5.00 -9.00 -9.00 -9.00 -10.00 -9.00 -9.50 -9.25 

28 5.00 -4.00 -4.00 -4.00 -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 5.08 -8.00 -8.00 -8.00 -7.00 -7.00 -7.00 -7.5 

31 5.17 -9.00 -7.00 -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 5.25 -7.00 -6.00 -6.50 -6.00 -5.00 -5.50 -6 

34 5.25 -6.00 -10.00 -8.00 -11.00 -14.00 -12.50 -10.25 

35 5.25 -2.00 -2.00 -2.00 -4.00 -4.00 -4.00 -3 

36 5.25 -9.00 -8.00 -8.50 -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 5.83 -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. (yr) Lt. Rt.   

    C11 C12 C1aver. C21 C22 C2aver. (C1aver.+C2aver.)/2 

39 5.83 -13.00 -12.00 -12.50 -13.00 -15.00 -14.00 -13.25 

40 5.92 -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 -8.00 -8.50 -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 -5.50 -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 -5.50 -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 -4.00 -3.00 -3.50 -2.00 -4.00 -3.00 -3.25 

62 6.92 -8.00 -9.00 -8.50 -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 -5.50 -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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