
Chapter 2 

Biomechanics of Human Gait 

Human gait is a mechanical process which is performed by a biological system. When 

this mechanical system is analysed it has to be interpreted with respect to the 

biological system. Therefore it is important to know the biological aspect of human 

gait and its terminology. When selecting an appropriate method for motion capture or 

human gait the joints or bones which have any sort of movement has to be identified. 

After that a decision is to be made as to what are the exact movements or the leg that 

is to be analysed using the proposed technique. Accordingly, there will be some 

critical points on the leg where it is important analysing the movement. This was 

accomplished by studying biomechanics and anatomy. Therefore this chapter is 

mainly focused on introducing biological aspects of human walking. 

2.1 Planes of the Body 

In bin-mechanic studies, there are certain anatomical terms to describe the 

relationship between different parts of the body and to describe certain movements of 

the body. 

Sagittal plane, Transverse Plane and Frontal Plane are the reference planes used to 

describe motion of the limbs. These planes are illustrated in Fig 2.1. 

1) Sagittal pane is any plane which divides part of the body into right and left 

portions. 

2) ;\ frontal plane divides a body part into front and back portions 

3) A transverse plane or horizontal plane divides a body part into upper and 

lower portions 
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Fig 2. 1: The anatomical position, with three reference planes (Source: Gait Analysis an 

Introduction by Michael W Whittle) 

Hip, Knee ankle and foot are the joints that move during walking. Movements of 

these joints take place in the described planes above, 

1) flexion and extension take place in the sagittal plane; in the ankle these 

movements are called dorsit1exion and plantart1cxion, respectively. 

2) Abduction and adduction take place in the frontal plane 

3) Internal and external rotation take place in the transverse plane; they are also 

called medial and lateral rotation respectively, the term referring to the motion 

ofthe anterior surface. 

As indicated in the Fig 2.2 during gait, important movements occur in all three planes 

-sagittaL frontal and transverse. Largest movements occur in sagittal plane [2]. 
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Fig ].2: Movements about the hipjoint and knee joint (Source: Gait Analysis an Introduction 

by Michael W. Whittle) 

2.2 Bones of the Lower Limb 

Bones of the lower limb are illustrated in Fig 2.3. 

2.2.1 Pelvis 

Bones of the pelvis and legs are the bones that play a major role in walking. For the 

practical purposes of gait analysis, pelvis can be considered as a single rigid structure 

even though it is constructed by fusion or multiple bones [2]. 

2.2.2 Femur 

femur is the longest bone in the body. The spherical femoral head articulates with the 

pelvic acetabulum to form the hip joints. From the hip joints this bone continues to 

knee joint. 

2.2.3 Patella or knee joint 

This hone is embedded within a tendon. Its posterior surface articulates with the 

anterior surf~1ce of the lower end of the femur to form the patellofermoral joint. The 
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patella has an important mechanical function, which is to displace the quadriceps 

tendon forwards, thereby improving its leverage. 
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Fig 2. 3: Bones andjoinls oft he lcr'.ver limbs (Sourc;e: Gait Ana~vsis an Introduc;tion hy 

Michael W. Whittle) 

2.2.4 Tibia and fibula 

Tibia extends from the knee joint to the ankle joint. Fibula is next to the tibia on its 

lateral side. for most of its length it is a fairly slim bone. The tibia and fibula are in 

contact with each other at their upper and lower ends. 

Movement of these joints are very small and can be neglected [2]. 

2.2.5 Foot 

The foot is a very complicated structure. Foot is made of three parts, the hindfoot. 

midfoot and forefoot. The talus is the upper bone of the foot which forms the ankle 

joint. 
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2.3 Joints of the Lower Limb 

A joint occurs where one bone is in contact with another. In certainjoints a significant 

amount of movement can take place and certain other joints only small movements 

can occur. A synovial joint is a type of a joint where fairly large movement can take 

place. In a synovial joint the bone ends are covered in cartilage and the joint IS 

surrounded by a synovial capsule. which secretes the lubricant synovial t1uid. 

Joints of the lower limb are illustrated in Fig 2.3. 

2.3.1 Hip joint 

Hip joint is the only true ball-and-socket joint in the body, the ball being the head of 

the femur and the socket the acetabulum of the pelvis. This joint is capable of flexion, 

extension. abduction. and adduction. internal and external rotation as shown in Fig 

2.2. 

2.3.2 Knee joint 

The knee joint consists of the medial and lateral condyles of the femur. above. and the 

corresponding condyles of the tibia, below. The motion of the joint is controlled by 

five lcgaments which, between them, exert very close control over the movement of 

the knee. In the normal individual, the motions of the knee arc t1exion and extension. 

with a small amount of internal and external rotation. Significant amounts of 

abduction and adduction are only seen in damaged knees. As the knee comes to full 

extension. there is an external rotation of a few degrees: the so-called automatic 

rotation or 'sere-home' mechanism l2l 

2.3.3 Ankle joint 

Ankle joint has three surfaces: upper, medial and lateral. The upper surface is the 

main articulation of the joint; it is cylindrical and formed by the tibia above the talus 

below. The medial joint surface is between the talus and the inner aspect of the medial 

malleolus of the tibia. Correspondingly, the lateral joint surface is between the talus 

and the inner surface of the lateral malleolus of the fibula [2]. 

The ankle joint being cylindrical has only one significant type of motion, dorsiflexion 

and plantarf1exion, corresponding to flexion and extension in other joints l2]. 

8 



2.4 Significant Movements of the leg during gait 

A tabulated summary of the above explanation about the movements of the leg during 

walking is sh78own in the Table 2.1. 

Sagittal Plane Frontal Plane 
Transverse Plane 

Movements Movements 

Flexion Extension Abduction Adduction 
Internal External 
Rotation Rotation 

-
Hip Joint Large Small Small 

Knee Joint Large No Small 

Ankle Joint Large No No 

Table 2.1: Movements of' the Leg during Walking 

From this summary it is evident that largest movement of the leg takes place in the 

Sagittal plane in all three joints under consideration. 

In this study the movement of the muscles are neglected. Also the toe joint is not 

considered for the motion capture as the movement of the toes with respect to toe 

joint is small. 
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