
Australian Journal of Basic and Applied Sciences, 10(15) October 2016, Pages: 112-126 

 

 

AUSTRALIAN JOURNAL OF BASIC AND 

APPLIED SCIENCES 
 

ISSN:1991-8178        EISSN: 2309-8414  
Journal home page: www.ajbasweb.com 

 

 

Open Access Journal 
Published BY AENSI Publication 
© 2016 AENSI Publisher All rights reserved 
This work is licensed under the Creative Commons Attribution International License (CC BY). 
http://creativecommons.org/licenses/by/4.0/ 

 
 
To Cite This Article: Dr. REEM SALAM., Walking analysis while on treadmill of unilateral amputation below the knee. Aust. J. Basic & 

Appl. Sci., 10(15): 112-126, 2016 

  

Walking analysis while on treadmill of unilateral amputation below the 

knee 

 
Dr. REEM SALAM 

 
Department of prosthetic legs Engineering, College of Engineering, Al-Nahrain University,  Baghdad, Iraq. 
 

Address For Correspondence: 
Dr. REEM SALAM, Department of prosthetic legs Engineering, College of Engineering, Al-Nahrain University, Baghdad, Iraq. 

 

 

A R T I C L E  I N F O   A B S T R A C T  

Article history: 

Received 26 August 2016  

Accepted 10 October 2016  
Published 18 October 2016 

 

 

Keywords:  

Prostheses, Kinetic analysis,  

Physical treatment,  
Rehabilitation,  

physical properties of water. 

 
 

 Kinematic system is used in gait analysis to record the position and orientation of the 

body segments, the angles of the joints and the corresponding linear and angular 

velocities and acceleration. Gait analysis is used for two very different purposes to aid 
directly in the treatment of individual patients and to improve the understanding of gait 

through research. The purpose of the study is the difference of walking on the treadmill 

of a normal person and the person amputated below the knee and compared between 
them to analysis and measurement of angles and calculating steps in program in 

computer also calculate the stride rate and stride length and that study will help in the 

limb prosthetic and in physical therapy. In this study, two cases one normal and the 
other is amputee below the knee the normal subject was not to had any pathology that 

would affect gait and had to be unfamiliar with treadmill walking, then a video 

recording was made for them by using a single digital video camera recorder fitted on a 
stand of three legs in a sagittal plane while subjects walked on a motorized treadmill 

one by one, the treadmill is often used in rehabilitation programs because it allows 

standard and controlled conditions and it needs small space. Then by special motion 
analysis software (KINOVIEA) was used to study the knee joint kinematic. Results 

obtained from the KINOVIEA program are important in understanding that the knee 

angles differ in each gait cycle. kinetic analysis us very necessary to find the strengths 

and weaknesses of the movement of parts of the body as the body is made up of the 

joints and ligaments and muscles when kinetic analysis can correct performance to get 

to the natural shape of the movement was the researcher using a prosthetic below the 
knee with a comparison khtoah walking natural person. The aim of the project it is 

angles measured from normal person and amputee so this table will be a reference for 

those who make prosthetic limbs and helps in the physical therapy. 
 

 

INTRODUCTION 

 

1.1 Introduction and theoretical basic concepts: 

   In this section contains a kinetic analysis of the knock natural walk with the division's performance to walk to 

lift and pull and push any division of movement for the feet as well as the section on the body joints in the legs 

fully with the muscles and ligaments addition your analysis motor also addressed the section on the definition of 

amputation below the knee and the types of segment that prosthetic limbs used and the type of material and the 

plant, including the reasons for amputation.  
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1.2 Normal gait: 

Normal gait is a person’s average walking pattern. It could be defined as bipedal erect locomotion in a 

human being. By means of alternating and rhythmic angular movements of the body segments, the whole body 

is propelled in a linear movement.  

A healthy individual’s walking pattern is studied to provide an image of “normal” gait. It is analyzed on the 

basis of the movements and forces involved. A better understanding of both normal and pathological gaits sheds 

more light on prosthetic gait and on gait deviations with prostheses. Catherine, Venkatakannan, Michael and 

François. Hall, Susan (1953) 

 

1.3 Gait cycle and it’s phases: 

As the body moves forward, one limb act as source of support while the other limb advances itself to a new 

support site. Then the limbs reverse their roles. This series of events is repeated by each limb with reciprocal 

timing until the person's destination is reached. A single sequence of these functions by one limb is called a gait 

cycle (GC). Aulivola, Chantel and Allen (2004).  

Normal persons initiate floor contact with their heel (i.e., heel strike). 

Each gait cycle is divided into two periods, stance and swing also known as gait phases (fig. 1.1). Stance is 

the term used to designate the entire period during which the foot is on the ground. Stance begins with initial 

contact. The word swing applies to the time the foot is in the air for limb advancement. Swing begins as the foot 

is lifted from the floor (toe-off). M. Whittle.  Ben-Abdelkader,  Cutler and Davis (2002).                      

 
Fig. 1.1: Gait phases 

 

Hence gait cycle can be defined as the time interval between two successive occurrences of one of the 

repetitive events of walking.  

 

1. Initial contact 

2. opposite toe off 

3. Heel rise 

4. opposite initial contact 

5. Toe off 

6. Feet adjacent 

7. Tibia vertical 

These seven events subdivide the gait cycle into seven periods, four of which occur in the stance phase, 

when the foot is on the ground, and three in the swing phase, when the foot is moving forward through the air. 

The stance phase also known as “support phase” or “contact phase”, lasts from initial contact to toe off. It is 

subdivided into: 

1. Loading response 

2. Mid-stance 

3. Terminal stance 

4. Pre-swing. 

The swing phase lasts from toe off to the next initial contact. It is subdivided into: 

1. Initial swing 

2. Mid-swing 

3. Terminal swing. 

The duration of a complete gait cycle is known as the cycle time, which is divided into stance time and 

swing time. M. Whittle O’Neill (2008). 

 

1.4  Phases of gait: 

In order to provide the basic functions required for walking, each stride involves an ever-changing 

alignment between the body and the supporting foot during stance and selective advancement of the limb 

segments in swing.  
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These reactions result in a series of motion patterns performed by the hip, knee and ankle. Each stride 

contains eight functional patterns. Technically these are sub phases, as the basic divisions of the gait cyc1e are 

stance and swing, but common practice also calls the functional intervals phases. Aulivola, Chantel and Allen 

(2004). 

Analysis of a person's walking pattern by phases more directly identifies the functional significance of the 

different motions occurring at the individual joints. The phases of gait also provide a means for correlating the 

simultaneous actions of the individual joints into patterns of total limb function. This is a particularly important 

approach for interpreting the functiona effects of disability. The relative significance of one joint's motion 

compared to the other's varies among the gait phases. Also, a posture that is appropriate in one gait phase would 

signify dysfunction at another point in the stride, because the functional need has changed. As a result, both 

timing and joint angle are very significant. This latter fact adds to the complexities of gait analysis. Abdelkader, 

R. Cutler, and L. Davis (2002) 

Each of the eight gait phases has a functional objective and a critical pattern of selective synergistic motion 

to accomplish this goal. The sequential combination of the phases also enables the limb to accomplish three 

basic tasks.  

These are weight acceptance (WA), single limb support (SLS) and limb advancement (LA). 

Weight acceptance begins the stance period and uses the first two gait phases (initial contact and loading 

response). Single limb support continues stance with the next two phases of gait (mid stance and terminal 

stance). Limb advancement begins in the final phase of stance (preswing) and then continues through the three 

phases of swing (initial swing, mid swing and terminal swing). 

 

1.4.1 Weight Acceptance: 

This is the most demanding task in the gait cycle. Three functional patterns are needed: shock absorption, 

initial limb stability and the preservation of progression. The challenge is the abrupt transfer of body weight 

onto a limb that has just finished swinging forward and has an unstable alignment. In this task two gait Phases 

are involved, initial contact and loading response. Abdelkader, R. Cutler, and L. Davis (2002) and Tisi, Callam 

(2004). 

 

1.4.1.1 Phase l-Initial Contact: 

In this phase the hip is flexed, the knee is extended; the ankle is dorsiflexed to neutral. Floor contact is 

made with the heel. Shading indicates the reference limb. The other limb (clear) is at the end of terminal stance . 

This phase includes the moment when the foot just touches the floor. The joint postures present at this time 

determine the limb's loading response pattern. 

 

 
Fig. 1.4: Initial Contact[3]. 

 

1.4.1.2 Phase 2-Loading Response: 
In this phase the Body weight is transferred onto the forward limb. Using the heel as a rocker, the knee is 

flexed for shock absorption. Ankle plantar flexion limits the heel rocker by forefoot contact with the floor. The 

opposite limb (clear) is in its pre-swing phase. 

This is the initial double stance period. The phase begins with initial floor contact and continues until the 

other foot is lifted for swing. Abdelkader, R. Cutler, and L. Davis (2002) and Tisi, Callam (2004). 

 

 

1.4.2 Single Limb Support: 
Lifting the other foot for swing begins the single limb support interval for the stance limb. This continues 

unti1 the opposite foot again contacts the floor. During the resulting interval, one limb has the total 

responsibility for supporting body weight in both the sagittal and coronal planes while progression must be 

continued. Two phases are involved in single limb support: mid stance and terminal stance. They are 

differentiated primarily by their mechanisms of progression. 
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1.4.2.1 Phase 3-Mid Stance: 

In the first half of single limb support, the limb advances over the stationary foot by ankle dorsiflexion 

(ankle rocker) while the knee and hip extend. The opposite limb is advancing in its mid swing phase. This is the 

first half of the single limb support interval. It begins as the other foot is lifted and continues until body weight 

is aligned over the forefoot. Abdelkader, R. Cutler, and L. Davis (2002) 

 

 
 

1.4.2.2 Phase 4-Terminal Stance: 
During the second half of single limb support, the heel rises and the limb advances over the forefoot rocker. 

The knee increases its extension and then just begins to f1ex slightly. Increased hip extension puts the limb in a 

more trailing position. The other limb is in terminal swing. 

This phase completes single limb support. It begins with heel rise and continues until the other foot strikes 

the ground. Throughout this phase body weight moves ahead of the forefoot. 

 

1.4.3  Limb Advancement: 

To meet the high demands of advancing the limb, preparatory posturing begins in stance. Then the limb 

swings through three postures as it lifts itself, advances and prepares for the next stance interval. Four gait 

phases are involved: pre-swing (end of stance), initial swing, mid swing and terminal swing. 

 

                                                   
 

1.4.3.1 Phase 5-Pre-Swing: 
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Floor contact by the other limb has started terminal double support. The reference limb responds with 

increased ankle plantar flexion. greater knee flexion and loss of hip extension. The opposite limb is in Loading 

Response. 

This final phase of stance is the second (terminal) double stance interval in the gait cyc1e. It begins with 

initial contact of the opposite limb and ends with ipsilateral toeoff. This phase is also known as Weight release 

and weight transfer phase. While the abrupt transfer of body weight promptly unloads the limb, this extremity 

makes no active contribution to the event. Instead, the unloaded limb uses its freedom to prepare for the rapid 

demands of swing. All the motions and musc1e actions occurring at this time relate to this latter task. 

Abdelkader, R. Cutler, and L. Davis (2002) 

 

                                                      
 

1.4.3.2 Phase 6-lnitial Swing: 

The foot is lifted and limb advanced by hip flexion and increased knee flexion. The ankle only partially 

dorsiflexes. The other limb is in early mid stance.  

This first phase is approximately one-third of the swing period .It begins with lift of the foot from the floor 

and ends when the swinging foot is opposite the stance foot 

 

Phase 7-Mid Swing: 

Advancement of the limb anterior to the body weight line is gained by further hip flexion. The knee is 

allowed to extend in response to gravity while the ankle continues dorsiflexing to neutral. The other limb is in 

late mid stance. This second phase of the swing period begins as the swinging limb is opposite the stance limb. 

The phase ends when the swinging limb is forward and the tibia is vertical(i.e., hip and knee flexion postures are 

equal). 

 

Phase 8- Terminal Swing: 

Limb advancement is completed by knee flexion. The hip maintains its earlier flexion. And the ankle 

remains dorsiflexed to neutral. The other limb (clear) is in terminal stance. 

This final phase of swing begins with a vertical tibia and ends when the foot strikes the floor. Limb 

advancement is completed as the leg (shank) moves ahead of the thigh. 

 
Fig. 1.12: Complete cycle [3]. 

 

Classical Medical Background: 

2.1 Knee Musculature: 

For the knee to function properly, a number of muscles must work together in a complex manner. The 

following is a list of knee actions and the muscles that initiate them (Figure 2.1). Table 2–1 lists all of the 

muscles that produce movement at the knee. 

• Knee flexion is executed by the biceps femoris, semitendinosus, semimembranosus, gracilis, sartorius, 

gastrocnemius, popliteus, and plantaris muscles. 
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• Knee extension is executed by the quadriceps muscle of the thigh, consisting of three vasti— the vastus 

medialis, vastus lateralis, and vastus intermedius—and by the rectus femoris. 

• External rotation of the tibia is controlled by the biceps femoris. The bony anatomy also produces external 

tibial rotation as the knee moves into extension. 

• Internal rotation is accomplished by the popliteal, semitendinosus, semimembranosus, sartorius, and 

gracilis muscles. Rotation of the tibia is limited and can occur only when the knee is in a flexed position. 

• The iliotibial band on the lateral side primarily functions as a dynamic lateral stabilizer . Harner , Vogrin 

and Woo (1999) 

 
 

Fig. 2.1: Muscles of the knee [4 

 

2.2 knee joint: 

Structure Of The Knee: 
The structure of the knee permits the bearing of tremendous loads, as well as the mobility required for 

locomotor activities. The knee is a large synovial joint, including three articulations within the joint capsule. The 

weight-bearing joints are the two condylar articulations of the tibiofemoral joint, with the third articulation 

being the patellofemoral joint. Although not a part of the knee, the proximal tibiofibular joint has soft-tissue 

connections that also slightly influence knee motion. Susan (1953). 

 

Tibiofemoral Joint: 

The medial and lateral condyles of the tibia and the femur articulate to form two side-by-side condyloid 

joints .These joints function together primarily as a modified hinge joint because of the restricting ligaments, 

with some lateral and rotational motions allowed. The condyles of the tibia, known as the tibial plateaus, form 

slight depressions separated by a region known as the intercondylar eminence. Because the medial and lateral 

condyles of the femur differ somewhat in  size, shape, and orientation, the tibia rotates laterally on the femur 

during the last few degrees of extension to produce “locking” of the knee. This phenomenon, known as the 

“screw-home” mechanism, brings the knee into the close-packed position of full extension. Because the 

curvatures of the tibial plateau are complex, asymmetric, and vary significantly from individual to individual, 

some knees are much more stable and resistant to injury than others. Susan (1953). 

Menisci The menisci, also known as semilunar cartilages after their half-moon shapes, are discs of 

fibrocartilage firmly attached to the superior plateaus of the tibia by the coronary ligaments and joint capsule. 

They are also joined to each other by the transverse ligament. The menisci are thickest at their peripheral 

borders, where fibers from the joint capsule solidly anchor them to the tibia. The medial semilunar disc is also 

directly attached to the medial collateral ligament. Medially, both menisci taper down to paper thinness, with the 

inner edges unattached to the bone. Beaupre (1986) 

 

Ligaments: 

 Many ligaments cross the knee, significantly enhancing its stability. The location of each ligament 

determines the direction in which it is capable of resisting the dislocation of the knee. The medial and lateral 

collateral ligaments prevent lateral motion at the knee, as do the collateral ligaments at the elbow. They are also 

respectively referred to as the tibial and fibular collateral ligaments, after their distal attachments. Fibers of the 

medial collateral ligament complex merge with the joint capsule and the medial meniscus to connect the medial 

epicondyle of the femur to the medial tibia. Omey, Micheli and Gerbino (2000). 

The attachment is just below the pesanserinus, the common attachment of the semitendinosus, 

semimembranosus, and gracilis to the tibia, thereby positioning the ligament to resist medially directed shear 

(valgus) and rotational forces acting on the knee. The lateral collateral ligament courses from a few millimeters 

posterior to the ridge of the lateral epicondyle of the femur to the head of the fibula, contributing to lateral 

stability of the knee. 

The anterior and posterior cruciate ligaments limit the forward and backward sliding of the femur on the 

tibial plateaus during knee flexion and extension, and also limit knee hyperextension. The name cruciate is 
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derived from the fact that these ligaments cross each other; anterior and posterior refer to their respective tibial 

attachments. The anterior cruciate ligament stretches from the anterior aspect of the intercondyloid fossa of the 

tibia just medial and posterior to the anterior tibial spine in a superior, posterior direction to the posterior medial 

surface of the lateral condyle of the femur. The shorter and stronger posterior cruciate ligament runs from the 

posterior aspect of the tibial intercondyloid fossa in a superior, anterior direction to the lateral anterior medial 

condyle of the femur. These ligaments restrict the anterior and posterior sliding of the femur on the tibial 

plateaus during knee flexion and extension, and limit knee hyperextension. Several other ligaments contribute to 

the integrity of the knee. The oblique and arcuate popliteal ligaments cross the knee posteriorly, and the 

transverse ligament connects the two semilunar discs internally. Another restricting tissue is the iliotibial band 

or tract, a broad, thickened band of the fascia lata with attachments to the lateral condyle of the femur and the 

lateral tubercle of the tibia. Meister, Michael, Moyer, Kelly and Schneck (2000). 

 
Fig. 2.3: The ligaments of the knee.[5] 

 

Patellofemoral Joint: 

The patellofemoral joint consists of the articulation of the triangularly shaped patella, encased in the patellar 

tendon, with the trochlear groove between the femoral condyles. The posterior surface of the patella is covered 

with articular cartilage, which reduces the friction between the patella and the femur. The patella serves several 

biomechanical functions. Most notably, it increases the angle of pull of the quadriceps tendon on the tibia, 

thereby improving the mechanical advantage of the quadriceps muscles for producing knee extension by as 

much as 50%. It also centralizes the divergent tension from the quadriceps muscles that is transmitted to the 

patellar tendon. The patella also increases the area of contact between the patellar tendon and the femur, thereby 

decreasing patellofemoral joint contact stress. Finally, it also provides some protection for the anterior aspect of 

the knee and helps protect the quadriceps tendon from friction against the adjacent bones. Freeman and 

Pinskerova (2005). 

 

2.3 Causes of amputation: 

2.3.1 Traumatic amputation:  

Traumatic amputations could be caused by war – that is, by a mine, an explosion or gunshot – or by a traffic 

accident, an accident at work or an accident in the home. The loss of a human limb is always tragic for the 

victim and the impact of traumatic amputation is particularly strong as the amputee has not been able to prepare 

for it. The suddenness of the traumatism, leading to a permanent disability, is particularly difficult to accept 

 

2.3.2 Diabetic amputation: 

One of the most potentially serious complications of diabetes is its connection with neuropathy and vascular 

disease, which, at its most severe, can lead to amputation. Diabetes is one of the main causes of amputation of 

the lower limbs throughout the world. 

Amputations are reported to be 15 times more common among people with diabetes than among other 

people, including those in war-affected countries. 

 

2.3.3 Congenital amputation and deformities: 

Congenital amputation is the absence of a foetus part at birth. This condition may be the result of the 

constriction of fibrous bands that surround the developing foetus or the exposure to substances known to cause 

birth defects. Genetics may also play a role. Catherine, Venkatakannan, Michael and François. 
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2.4 Transtibial (Below knee): 

The transtibial is the most common level of extremity amputation for peripheral vascular disease. Prosthetic 

rehabilitation is more successful and post- operative mortality lower with transtibial compared to transfemoral 

amputations whether or not the patient has diabetes. However, mortality rates are consistently higher among 

individuals with diabetes and higher among individuals with diabetes and renal dis- ease requiring dialysis. 

Aulivola and colleagues. Aulivola, Chantel, Allen and et al (2004). reported an 8.6% worse rate of 30-day 

survival for individuals undergoing transfemoral amputations as compared to transtibial amputations. Long-term 

survival also favored individuals amputated at the transtibial level, with 74.5% surviving at 1 year and 37.8% at 

5 years as compared to 50.6% and 22.5%, respectively, for those amputated at the transfemoral level. 

Perioperative morbidity was also higher among those undergoing transfemoral amputations and worse in 

individuals with renal failure. Other studies have supported these findings. Generally, among patients amputated 

for vascular diseases, individuals with diabetes have a worse survival and rehabilitation rate than those without 

diabetes. Individuals requiring transfemoral amputation do significantly worse than those amputated at 

transtibial levels. Among individuals with diabetes who require amputation, those with significant levels of 

renal disease requiring dialysis have poorer survival rates than all other groups. Libby, Brennan, MacAlpine, 

Morris and Leese. Ploeg, Lardenoye, Vrancken and Breslau (2005). 

 

2.5 Level of transtibial amputation: 

The desirable length for a transtibial amputation is a matter of controversy. Some surgeons advocate leaving 

as much bone length as possible, believing that the longer lever arm will decrease the energy required for 

effective ambulation. Others state that individuals with very long residual limbs develop distal skin problems 

because of the lack of subcutaneous padding. Tisi, Callam (2004). 

Level selection is the purview of the surgeon who may or may not be well informed on prosthetic 

components and the importance of knee function in continued mobility. The longer the residual limb, the better 

control the patient will have of prosthetic function and the smoother the gait, thereby reducing the amount of 

energy required for mobility. The tibial tubercles is the shortest level of transtibial amputation compatible with 

knee function. Generally, the fibula is cut about 1 cm shorter than the tibia to provide a conical shape to the 

residual limb. Both the tibia and fibula are beveled distally, the tibia anteriorly and the fibula posterolaterally, to 

prevent any soft tissue impingement during prosthetic wear. The ends of the bone must be carefully filed to 

prevent any sharp edges 

 

 
Fig. 2.4: (A, B) Residual limb from a transtibial amputation, showing the anterior suture from a long posterior 

flap. BJ (1994). 

 

2.6 End-Bearing Amputation: 

In some instances, the surgeon will try to provide for improved end bearing of the residual limb by leaving 

the fibula the same length as the tibia and creating a bony bridge between the two distal ends. This technique has 

been used in traumatic amputation to provide better prosthetic control and sensory feedback. There is little 

research data yet to support the value of this procedure. Surgical, Prosthetic, and Rehabilitation Principles. 

 

2.7 The most commonly used types of socket: 
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2.7.1 PTB (patellar-tendon-bearing): 

Description although the socket has total contact with the stump, it concentrates force on pressure-tolerant 

areas and relieves force on pressure-sensitive areas. The PTB design was created to take advantage of normal 

forces on the patellar ligament. This is done by adding initial flexion of the socket. 

 

2.7.2 TSB (total-surface-bearing): 

Description The total-contact socket completely encases the stump. It is designed to distribute the weight 

over the entire stump. This socket type is primarily indicated for use with silicon or gel liners or in connection 

with suction suspension/adhesion 

 

2.7.3 Supracondylar (SC): 

 The feature of this design is the containment of the medial femoral condyle within the soft socket (inner 

liner), utilizing this prominently anatomical shape to suspend the prosthesis. If needed, the insertion of an 

additional wedge of dense foam between the prosthetic socket and the soft socket (at the level of the posterior 

part of the medial wall) helps improve prosthetic adhesion. Catherine, Venkatakannan, Michael and François. 

 
2.7.4 Supracondylar-suprapatellar (SPSC): 

Integrating the patella, this socket concept is applied in combination with a supracondylar suspension. The 

trimlines extend above the patella on the anterior and lateral surfaces (front and sides), which in short stumps 

helps avoid pseudarthrotic instability (hyperextension) resulting from the short lever of the stump.  
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2.7.5 Fork strap and cuff: 

A commonly used suspension system is the supracondylar cuff strap. Several variants exist, all of which 

consist of a multipart strap that is attached to the sidewalls of the socket and encircles the distal thigh to 

maintain suspension. 

It provides a good cosmetic appearance, especially while sitting, and is easy to fit but impedes blood 

circulation, leads to atrophy of the quadriceps and does not provide lateral or medial control. Catherine, 

Venkatakannan, Michael and François. 

 

2.7.6 Thigh corset: 

A thigh corset comprises a combination of metal joints that extend from the medial and lateral surfaces of 

the socket and are attached to a plastic/leather corset worn around the thigh. This combination is designed to 

provide maximum medio-lateral stability and to share weight-bearing with the thigh. 

This is one of the original suspension designs and is used today only by users who experience poor control 

of the knee during ambulation. However, it often leads to muscle wastage and loss of active stability of the knee, 

impedes blood circulation and can easily damage clothing (cut, grease). Catherine, Venkatakannan, Michael and 

François. 

 

2.8 Function of the soft socket: 

1. Provision of comfort; 

2. Provision of prosthetic adhesion to the stump (suspension);  

3. Reduction of pressure maxima (shock absorption);  

4. Enables donning and doffing through shape compensation: 

– At the level of the supracondylar suspension (compensation of the undercut); 

– By pear-shaped stumps (thickened distal stump end); 

– By bony structures (most common used for the head of fibula). Catherine, Venkatakannan, Michael and 

François. 

 

2.10 Physical therapy: 

Physical therapists (PTs) examine patients/clients, evaluate data to make clinical judgments, diagnose to 

determine· the impact of the problems on function, and then select and implement appropriate interventions.' 

Determining the need for prostheses or orthoses, working closely with prosthetists and orthotists in selecting 

appropriate components, and teaching patients and families the proper use and care of the devices are integral 

parts of these functions. Physical therapists' assistants (PTAs) work with the physical therapists in carrying out 

selected interventions and must also understand the fit and function of such devices. To fulfill these functions, 

the student must learn the different types of devices, their biomechanical principles, how they should be 

properly fitted, and how to teach clients the proper use and care of all devices. Today's growing techno- logical 

advances have led to a great variety of currently available simple and complex devices, and continued research 

and development lead to new components and capabilities. To aid in the development of clinical judgment and 

clinical decision making both at the professional and assistant levels, this book incorporates patient cases, study 

questions, and clinical problems. Bella. 

 

 
Fig. 2.10: Physical therapy. 

 

2.11 Amputee Rehabilitation: 
Amputation rehabilitation for transtibial amputees plays a critical role in helping them regain functional 

locomotion, achieve independent life styles and return into previous social environment. Burger, Marincek 

(1997). A typical amputee rehabilitation process involves amputation surgery, physiotherapy, the provision of 

prostheses, as well as gait training .For any amputee to acquire a new prosthesis, multiple clinical visits are 

required to complete the process. Clinical visits include casting, fabrication and fitting of the socket, as well as 
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alignment and acclimatization of the prosthesis. A transtibial prosthesis usually consists of a custom-fitting 

socket, a suspension mechanism, a pylon, and a prosthetic foot. The socket is made according to the 

topographical shape and biomechanical characteristics of the amputee’s residual limb. The types of socket 

suspension and prosthetic foot are prescribed based on the functional needs of the individual amputees, and can 

maximize the allowable range of motion. Esquenazi (2004).  The success of the provision of a transtibial 

prosthesis involves both the socket fitting and the prosthetic alignment. There is a substantial need to recognize 

the importance of an adequate prosthetic alignment, a factor which significantly affects the quality of life of 

transtibial amputees. O’Neill (2008). 

 

Experimental Work: 

3.1 Introduction: 

This chapter provides the description and analysis of walking of the experimental carried on laboratory 

while on treadmill of unilateral amputation below the knee including equipment used. 

3.2 A brief overview of the gait analysis system: 

In working on the project using treadmill located in the biomedical engineering department laboratories 

.The analysis has the necessary a digital camera for recording videos and a markers for each case to make 

signals that helps in measuring the angles, program for calculating the angles for the normal and amputate 

person all analyses and data processing is KINOVEA Software (ver. 8.1). 

 

3.3 Processing of Data: 

After the video recording of the patient's movements has been made, the video files transferred from the 

camera to the computer through the USB connection for transfer the videos from the camera to the computer the 

data of analysis is calculated by program KINOVEA. 

 

3.4 KINOVIEA program: 

Kinovea is a free and open source solution for video analysis of the angles of the normal and the amputee ,It 

can be mainly used by the people in the sports field, such as athletes and coaches. Those who are in medical 

field will also find this useful. However, anyone who is interested in analyzing a video can make use of this 

software. It is possible to measure the distance, speed, line length etc on a particular video with the help of 

Kinovea.  When the videos playing in the program it could measure the angles of the knee by the markers that 

are used in the recording. 

 

3.5 The treadmill: 

The treadmill used in the Biomechanics Lab owns an Instrumented is shown in figure (3.1), Treadmill is 

often used in the research projects to simulate over ground locomotion, assuming that locomotion is similar on a 

treadmill and over ground. Subjects walked on a motorized treadmill. Subjects were instructed to walk on the 

treadmill without using handrails and they were asked to walk as they normally would while keeping each foot 

on a separate belt. All subjects were tested in one session. The speed of treadmill is 3 km/h where data was 

collected from all subjects, Data were collected when each subject had reached a steady state of being able to 

replicate the walking speed, consistently data were obtained from the right side of each subject. The treadmill 

was used to be allowing for recording multiple gait cycles, and the statistical analysis of the disturbances. 

Walking can be performed any time, under any weather, and with more general safety than over ground 

walking, especially in urban environments. Moreover, the treadmill is often used in rehabilitation programs 

because it allows standard and controlled conditions and it needs small space. 
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.  

Fig. 3.1: the used treadmill. 

 

3.6 Case: 

The study was made on two cases: 

1-Normal person with: 

 The height 185 cm  

 The weight 66 kg  

 The stride frequency=0.51 Hz (strides=62 over time=120 second) that calculated mathematically by: 

Stride frequency=strides/time 

 The stride length=76.77 Cm was calculated  in the biomechanics laboratory. 

2-Knee amputated person with artificial limb; 

 The height 170 cm 

 The weight 64 kg 

 The stride frequency=0.45 Hz(strides=54 over time=120 second) that calculated mathematically by: 

Stride frequency=strides/time 

 Stride length=70.99 Cm was calculated in the biomechanics laboratory. 

 

 
Fig. 3.2: The two cases. 

 

3.7 Results: 

The angles that measured by the kinovea program  

 
Table 3.1: Angles extension and flexion 

Amputation Normal 

Extension(degree) Flexion(degree) Extension(degree) Flexion(degree) 

158 144 152 140 

165 134 158 132 

168 128 162 122 

172 126 166 120 

174 121 168 118 
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Table 3.2: Angles of gait cycle of normal and amputee. 

Gait cycle Back knee angle(amputation)(degree) Back knee angle(normal)(degree) 

Initial contact 169 172 

 167 168 

163 161 

Loading response 151 151 

 

 
 

 

 
 

 

126 140 

124 125 

123 129 

Mid stance 126 127 

 140 134 

148 146 

155 154 

165 160 

161 162 

169 167 

168 170 

167 166 

Terminal stance 172 173 

 166 162 

 157 158 

Toe off 154 150 

 146 149 

 135 138 

 

Discussion, Conclusion And Future Works: 

4.1 Discussion: 

                       
 

Fig. 4.1: Initial contact. 

 

Referring to figure (4,1) that normal person angle less than the amputee person below the knee as the 

prosthetic permanent and Completed stages of rehabilitation and physical therapy the joint be in a semi-normal 

state and movement to be near normal, because the movement of the force between the parties of the body is 

unequal because the amputee person has joint minus that is the ankle joint  where the foot is fixed, the 

transmission power movement are among the hip and knee in either a normal person transmission power 

movement fully complete well as muscle affect the angles and because of amputee make the surgery the year 

before, the thigh muscle when person amputee active 

The normal person has the full joints including ankle movement be equally distributed and the force be 

equal in the hip, knee and foot This is why the movement is in the normal person is un limited as well as the 

muscles in the knee and thigh help traffic better Esquenazi, (2004). 
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Fig. 4.2: loading response. 

 

As the figure shown (4.2) the knee angle in the normal person is less than in the amputee because in this 

situation the movement is almost depend on the ankle joint and in the amputee the ankle joint is fixed and 

unable to move it so the force in the amputee is distributed only in the hip and knee joints, as the figure above 

the ankle joint in the human body is more than that in the amputee that’s because of the enabling of movement 

In addition, the movement of toes helps in the smooth movement and the distribution of forces. 

A normal person maintains body weight either amputee person does not keep on flowing movement of the 

body also the effect of the muscle; the muscle gives the joint ease of movement and more flexibility.  

Also others factors that affect the movement is the stride rate through experience, the frequency of the 

normal person is more than the stride rate of  amputee person, because the number of normal steps more than 

amputee person steps during the same time period. Esquenazi, (2004) and Peng and Tan (2000). 

 
Fig. 4.3: swing phase. 

 

The figure (4.3) illustration the swing phase where the knee is flexed and also the angle at the knee joint is 

less than at the amputee knee joint and that because when required the amputation of the limb and the 

installation of artificial limbs cut off portions of internal tissues of the leg so whatever the installation of 

artificial limb accuracy, it will not be like a normal limb because the ligaments, muscles and the tendons play an 

important role of the movement during the gait cycle. 

As we know whenever smaller bending knee angle whenever movement be more flexible and movable, the 

fig above shows that the angle of the flexion of the normal person is less than the amputee so the normal limb is 

better and also for the ankle joint to facilitate the walking, the ankle joint in the amputee person is fixed. Also 

the stride rate is affect at the angles, the normal person is faster in movement than the amputee and the steps of 

the normal person is more than the amputee person steps at the same given time Peng and Tan (2000).  

 

 
 

Fig. 4.4: heel contact. 

 

The ground-reaction force line is posterior to the ankle and anterior to the knee and hip with activation of 

the pretibials, quadriceps, hamstrings and gluteus maximus 
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At the moment the foot strikes the ground, the ankle is at the neutral position, and the knee is close to full 

extension. In the sagittal plane, the alignment of the ground-reaction force vector at the position of figure above 

is posterior to the ankle joint, creating a plantarflexion moment 

At the knee the vector is anterior to the joint axis, creating a passive extensor torque Activity of the 

quadriceps and hamstring muscle groups continues from the previous terminal swing to preserve and stabilize 

the neutral position of the knee joint. The distribution of the reaction force in the amputee is not equal because 

of fixed joint (ankle joint) and the absence of the muscles are affect to the angles of the knee and ankle for that 

reason the angles in the normal human joints are less than that in the amputee person Burger and Marincek 

(1997). 

 

Conclusion: 

This motion analysis software can be used in the investigation of muscular dystrophy and their impact on 

the bending and extension angle during gait cycle and these results establish that the amputee asymptotic to 

normal because the artificial limb is fixed and the operation has become a year ago 
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