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ABSTRACT 

Locomotion analysis and lower limb action exploration in general has reached 

remarkable levels of sophistication in recent years. Such sophisticated developments 

have been accompanied by an apparently unavoidable and increasing complexity of 

apparatus and equipment. This has made installation of such facilities for routine 

clinical use expensive and complex and in consequence there are relatively few centres 

which such assessments have become available for disability diagnosis and treatment 

monitoring. 
Concurrently there has been increasing attention directed to the possibility of 

developing a simple technique useable in the restricted space normally available in 

routine clinics. Grieve et al(1978)highl. ighted in their exploration of movement patterns 

of the lower limb the potential applicability for this purpose of a "step" 

test. In such a test the subject raises himself from a standing position on to a step of 

pre-determined height leading with either the right or left leg. The full cycle 

consists of a step up and a step down. 

The aim of the investigation undertaken has been a definitive exploration of the 

step test in which in addition to kinematic characteristics, dynamic assessment of the 

variations involved was also to be included. It was found as work progressed that the 

full kinetic analysis required the development of an increasingly complex computer 

program suitable for the generalised variability of displacements and of the force 

actions involved in the step specified. As things have now developed the program 

presented in the thesis is a format of analysis that is able to handle walking on the flat, 

walking up and down ramps, walking up and down stairs, jumping etc, in fact any 

action in which the lower limbs are involved. The development of these analyses took 

up a far greater proportion of the total project time than was initially anticipated. 

Nevertheless this being the first time that such an all embracing program was attempted, 
it was felt worthwhile to reallocate the effort available in favour of the program 

design and specification. 
Inescapably the actual applied investigation involving normal subjects and patients 

had then to be reduced to a pilot investigation. Even this pilot programme covering 
5 normal subjects and 5 patients involved the detailed analysis of some 25,000 frames 

of film. 
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The results of these tests highlight the fact that the step test in this simple form 

will not produce the definitive clinical data hoped for. One of the conclusions of 

the investigation therefore amounts to a recommendation not to continue exploration 

of the simple step test. On the other hand data and experience gained points clearly 

to the significant potential of a test consisting of the subject moving up a step- by 

graded and varying step heights in which monitoring the kinetic changes from step 

to step is likely to produce data of value in diagnosis and therapy monitoring. There 

was no time to undertake experimental work on this step concept apart from mooting 
its feasibility. 

The thesis consists of six chapters: - 
Chapter 1 is an introduction giving an appreciation of the background presenting 

the clinical requirements and the clearly demonstrated need for a simple means of 
patient assessment. 

Chapter 2 puts forward a critical review of the literature and explores in outline 
the classic studies of human locomotion, the clinical applications of gait analysis and 

the biomechanical assessment of the stepping function. 

In Chapter 3 the experimental investigations are outlined in the conventional 

manner providing the definition and planning of the project, the development of the 

relevant methodology, devices and apparatus. The chapter culminates in putting 

forward the experimental results in sample form in the text and in full in the relevant 

appendices. 
Chapter 4 concerns the analysis of the data collected. It is in this chapter that 

the formulation of a pioneer system of analysis is put forward that permits the handling 

of generalised human motion involving the lower limb. 

Chapter 5 discusses the applicability of the step test as explored to clinical 

requirements as defined. It highlights the significance of the techniques evolved 

and suggests that the step test in its simplest form is unlikely to be capable of dev- 

elopment into an effective clinical tool. 

The conclusions in Chapter 6 summarise the findings in direct statements. 
The thesis concludes with the appropriate bibliography and 2 appendices which 

give an outline of all the work undertaken and completed. 
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1, INTRODUCTION 

The need to develop a simple technique for clinical assessment of the 

locomotor function of the lower limb has increased considerably in recent years. 
More recently there has been increased interest in the study of activities other 

than level walking, such as stair and ramp ascending and descending. 

It has been suggested by D'Angelo and Grieve (1977) that stepping could be 

employed as a suitable test to be used in a clinical environment. In 1978 

Grieve et al have provided data on the kinematics of non-pathological subjects 

stepping on and off a platform. By interpolating the experimental results 

predictions have been made for the movements ih the form of angular displacement 

of the limb segments which would be expected on a step of rise equal to 10% of 

a persons height. 

The present project is, in fact, an attempt to test this hypothesis viz that 

the step test could be used as a clinical tool. A more sophisticated technique 
has been used in order to obtain a complete biomechanical description of the 

task. It was the author's view that the forces and moments had to be included 

in the analysis and to give a better understanding of biomechanics involved in 

the proposed test. Additionally it was felt that the data from both limbs should 

be collected simultaneously. 
The step can be negotiated forward or backwards, upwards or downwards, so 

that for each side of the subjects (patients) there were four manoeuvres to be 

analysed. In order to accomplish such analysis a comprehensive computer 

programme had to be developed. Priority had to be given to the development 

of such a programme which could form the basis for further work in this area. 
Considering the pioneer aspect of the research, the time available for the 

development of the techniques and experimental procedure it was possible to only 
test five normals and five patients. Nevertheless it was found that certain 

preliminary conclusions could be arrived at. Modifications and suggestions for 

further work are included. 

All possible exploration of the step test as suggested were investigated 

within the limitations of project time and laboratory facilities. 



CHAPTER 2 

CRITICAL REVIEW OF THE LITERATURE 

2.1 The Classical Studies of Human Locomotion 

2.2 Clinical Applications of Gait 

2.3 Biomechanical Assessment of Stepping 
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2. CRITICAL REVIEW OF THE LITERATURE 

2.1 The Classical Studies of Human Locomotion 

Locomotion is a phenomenon that has interested many investigators since the 

earliest days of our history. Walking is one of the few motor acts in which we 

all require a similar level of skill, since our working, domestic and social 

environments are designed to accommodate the walking man. Thus all possible 

modes of locomotion have attracted the interest of philosophers, mathematicians, 

anatomists, physiologists, surgeons, and recently bioengineers. 

The motion of the human body in space has been investigated centuries before 

techniques were available for the accurate recording of the tasks. The title 

'father of Kinesiology" is attributed to Aristotle (384 - 322 BC) whose treatise 

"Part of Animals, Movement of Animals, and Progression of Animals", has 

described for the first time the action of muscles and subjected them to geometrical 

analysis. He was the first to describe that in the process of walking rotatory 

motion is transformed into translatory motion. 

Galen (131 - 201 AD) in his work "De Motu Musculorum" distinguished 

between motor and sensory nerves and between agonist and antagonist muscles 

groups. 
Leonardo da Vinci (1452 - 1519) in his studies of anatomy was particularly 

interested in the structure and related performance of the human body. He has 

described the mechanics of the body in walking, stepping and jumping. (Fig. 2.1) 

Galileo Galilei (1564 - 1643) who was a student of medicine before his 

searching for laws underlying certain physical phenomena, has also studied the 

motion of the human body. Alfonso Borelli (1608 - 1679) in his treatise "De 

Motu Animalium" among several things explained that bones serve as levers and. 

that muscles function according to mathematical principles. 

Direct experimentation on the movement of the body during locomotion has 

its foundations centuries later in the work of the Weber brothers (1836). They 

also initiated a series of experimental determinations of the whole body centre 

of gravity. The Webers observed the motions of the trunk through a telescope at 

a distance of 100 metres from the walkway, and in this way estimated the 
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amplitude of the vertical oscillations and the inclination of the trunk to the 

vertical. 
The first transducers attached to the body during locomotion were probably 

of the 'tabours' variety used by Marey (1885). His work is characterized by 

originality and inventiveness. He was quick to judge the importance of the 

work of Muybridge in 1882 which consisted of a series of photographs during the 

stepping of the trotting horse, by sequential exposures on 24 cameras mounted 

side by side. Morey however, devised a more elegant solution for field use in 

photographing birds and developed a photographic gun on which twelve exposures 

could be made in one second. The photographic plate was circular, and between 

each exposure (1/720th sec. ) the plate was rotated 30 degrees. For the 

recording of human motion he invented an instrument called "chronocyclograph" 

which produced multiple exposures in a single photographic plate. (Fig. 

2.2). A slotted disc rotated in front of the fixed plate making from 1/10th 

exposures to 1/5000th of a second. Experiments were carried out with the subjects 

dressed in many ways in order to produce better chronocyclographs. The precision 

offered by the new method allowed gait to be studied on a scientific basis. 

Braune and Fisher (1890) used four chronocyclographs recording movements 

on the sagittal and corona) plane of walking. Incandescent tubes were attached 

to the limbs of a subject dressed in black. With this technique available these 

authors made laborious and detailed analysis of the human locomotion. From the 

kinematic descriptions of eleven points on the body Fisher (1898) by means of 

graphical differentiation, calculated the forces acting on the whole body centre 

of gravity. A notable aspect of the work of Browne and Fisher is the careful 

investigation in the area of anthropometry. Their investigation of the static 

and dynamic constants of human body segments provided data which was used 

by investigators for more than 50 years. 
In 1916, Amor described an instrument that he had devised in order to evaluate 

artificial limbs. The apparatus which he called the "Trottoir Dynamographique" 

was the first force platform and consisted of two wooden beams, mounted on a 

cantilevered system of iron girders. In the region of each articulation a 

pneumatic chamber recorded pressure changes proportional to the cpplied force. 
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Amar reports the use of the force plate as an aid to the evaluation of pathological 

gait. 
Elftman, in 1934 contributed to the study of gait with the design of a baro- 

graph which gave information on the distribution of pressure over the sole of the 

foot more accurately than had been previously possible. In 1939, he reported 

the design of a force plate which allowed him to calculate the instantaneous 

point of application of the force at the feet. Thus, by construction 'free body' 

diagrams for each segment of the lower limb and knowing the assumed centres of 

rotation of the joints Elftman calculates the net torque acting about the joints of 

the lower limbs, and from that an approximation for the net flexor and extensor 

muscles tensions throughout the walking cycle. In this classical paper, Elftman 

investigated the transfer of energy between the segments of the body in locomotion. 

An important concept introduced was that energy is being both supplied and absorbed 

by the muscles. These concepts had profound influence on future investigators 

in this area. Elftman, undertook further exploration on the principles of muscle 

action during locomotion (1941) with regard to the intrinsic property of the 

mechanics of muscle fibre. 

Little advance was made until the work of Bresler and Frankel (1950) published, 

as an account of work done as part of the University of California programme. 
These studies basically repeated Elftman's own experiments using more sophisticated 

equipment. Bresler and Frankel used a platform instrumented with strain gauges 
to measure the vertical and horizontal components of applied forces, the torques, and 

to locate the instantaneous centre of pressure. 

2.2 Clinical Applications of Gait 

The majority of the work that has been done in the field of gait analysis has 

been undoubtedly oriented towards its possible applications in the clinical areas 

where locomotor assessment may be used either diagnostically or for noting progress 

as result of treatment. However, some of them are even more clinically oriented 

than the others, such as the work of Pauwells (1935). He calculated the magnitude 

and direction of the resultant force transmitted between the femoral head and the 

acetabulum for an individual standing on one leg. The value of this force he 
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suggested was 2.92 times body weight. The object of this work was to improve 

a technique for osteotomy of the hip joint. 

The College of Engineering in collaboration with the Medical School of 

the University of California (1947) carried out an extensive locomotion study 
in normal and amputated subjects. The purpose of the research was to achieve 
improvements in the design of artifical limbs. The most significant development 

of the California Group was the design and construction of an accurate force- 

platform, which measured the components of the resultant force in three 

dimensions at the centre of the top plate and the component moments about these 

axes. They have used two force-plates (Klopsteg and Wilson 1954) avoiding the 

assumption of absolute symmetry in the forces developed by the two lower limbs. 

As part of the same project, Bresler and Berry (1951) had expanded the classical 

work of Fenn's calculations of energy and power input-output relationships 

during normal and amputee gait (Bressler, Radcliffe and Berry, 1958). They 

characterized gait as a "push-pull" mechanism involving the expenditure of energy 

by the posterior limb and the absorption of energy by the anterior limb. They 

also emphasised the value of the "lock-unlock-lock" sequence of events at the 

normal knee joint in maintaining the energy level of the head, arms and trunk 

(HAT) relatively constant. The positive moment immediately following heel 

strike indicated the resultant force passing anteriorly with respect to the knee 

joint giving the stability that the authors called "locking". The reaction moves 

to a line of action which falls posterior to the knee joint, referred to by the 

authors as "unlocking". 

Marks and Hirschberg (1958) attempted to use a force platform on the analysis 

of hemiplegic gait, and were able to show significant differences in the vertical 

force and knee moment curves obtained from normals and hemiplegic subjects. 

Drillis in 1958 suggested that measurement of the time period between the two 

peaks of the vertical force, in relation to the total stance force may be a useful 

indicator of pathological gait. 
The work of the Californian group was extended by Paul (1965). The line 

of actions and moment arms of the ilio-psoas, rectus femoris, gluteus maximus, 

biceps femoris, gluteus medius and adductor magnus muscles were approximated 
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to by measurements related to elastic threads appropriately attached to a skeleton. 
The period of activity of these muscles was detected by surface electromyography. 
With the use of photography and force-plate the net force and moment at the hip 

were calculated throughout the complete walking cycle. Furthermore by 

making certain assumptions Paul was able to estimate the three components of 
force between the head of the femur and the acetabulum. His results showed 

peak joint forces of approximately six times body weight to occur during the 

first 20% of the walking cycle. 

Rydeli (1966) made direct measurements of these forces in vivo, using a 

strain gauge instrumented head of an Austin-Moore hip prosthesis. The forces 

have been recorded during locomotion and other activities post operatively of a 

subject. The results showed peak forces of approximately two time body weight 

in one subject and over three times body weight in a second subject. Some 

dependance on the speed of wdiking was shown. 
Most of the investigations concerned with pathological locomotion have been 

limited primarily to kinematic studies. As a typical example, Saunders (1952) 

postulated six determinants that may be used to assess gait patterns, they are: 

Pelvic rotation, pelvic tilt, knee flexion in stance phase, foot mechanisms, knee 

mechanisms and lateral displacements of the pelvis. All these determinants act 

to produce a sinusoidal displacement of the centre of gravity of the body of low 

magnitude, since this requires the minimal expenditure of energy. 

Murray (1964) carried out a comprehensive study on the kinematics of human 

locomotion, obtained from photographic techniques producing "stick diagrams". 

This study was carried out in order to provide normal standards with which 

measurements of abnormal gait may be compared. The data was obtained by 

interrupted-light photography and the subjects were appropriately marked with 

reflective targets. Speed and timing of gait, stride dimensions, angular and 

linear displacements of the trunk and the limbs were measured and analysed. 

While many workers have derived important conclusions from information 

concerning the linear and angular displacements of parts of the body in space as 

a function of time, others have tried to make use of the angular displacements 

of the lower limbs by producing means for the presentation of this basic information 
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in a meaningful way, enabling a pattern of movement to be characterized by a 

shape which is easily recognizable. This is achieved by producing a plot of 

one angle as a function of another angle. Wagner and Catranis (195ffig. 2.3) 

and Grieve (1968) (Fig. 2.4) . Grieve called these charts "angle-angle 

diagrams" and he explored the idea of studying families of similar shapes in 

order to identify pathological conditions. According to Grieves philosophy 

these shapes would be easily recognizable by a mathematically untrained person 
(clinician, paramedic, etc) just by looking at the shapes of the diagrams (Fig. 2.5). 

2.3 Biomechanical Assessment of , Stepping 

Although there is literature of a substantial amount of research on the biomechanics 

of human locomotion in level walking, very little is to be found for -other activities 

such as the 'step' action. (Refer to section 3.1). 

Cappozzo and Leo (1974) have used Fourier series to obtain a mathematical 

description of the kinematics of normal subjects walking upstairs, and devised a 

mechanical model in order to calculate the muscular moments around the major 

points of the lower limbs. The object of the exercise was to produce a descriptive 

technique which would facilitate the collection of reliable data in order to detect 

the important features. of such manoeuvres so that the design of actual prostheses 

could be improved, and to be able to develop sophisticated walking machines. 

The authors described a characteristic pattern for all gait with a stride period 
from 1 to 1.50 seconds. No correlation could be made between the stride 

period and the anthropometric measurements, as the number of subjects tested was 

small. They suggested that when the stride period is outside of these above 

range some variations are evident, which could be correlated to a change of 

gait. The authors have presented an elegant technique to overcome the problem 

of handling kinematic data. 

Grieve et al (1978) studied the kinematics of 21 normal subjects stepping at 

three different step heights. The sagittal plane rotations of the thigh and shank 

were recorded using a polarized light goniometer (Polgon). The purpose of this 

research was to attempt to establish a clinical test of the locomotor function of 
the lower limb. They have correlated the data between the heights of the step 

with the subjects stature and predicted norms for a step equal to 10% of the 
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stature. Only one leg was monitored at a time, nc. attempt having been made 

to measure both limbs simultaneously' and only angular displacements were 

recorded. They expect that idiosyncratic differences could easily be detected 

by comparing the angle-angle diagram between subjects. 
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3. EXPERIMENTAL INVESTIGATIONS 

3.1 Definition and Planning of Project 

Many aspects of gait have been widely studied both in experimental and 

clinical contexts. These include the assessment of the kinematics of the body 

segments as well as the ground to foot reactions-and intersegmental loads 

transmitted by the major joints of the lower limbs. Although some different 

activities such as stair and ramp ascent and descent have been reported by and 
large the most widely studied activity has been the steady state walking on level 

surfaces. It has been suggested Angelo and Grieve, 1977) and (Grieve et al 
1978) that stepping could be employed as a test to be used for clinical assessment 

of the locomotor function in the lower limb from considerations of standardization, 

accuracy, convenience and minimal demand on space. The stepping movements 

can be performed in either a forward (F) or babkwards (B) direction and in relation 

to the level surface, it can be either upwards (U) or downwards (D). When a 
limb leads (L) upwards and forwards in a stepping action, anti-gravity movements 

are performed which are in reverse time sequence of those it executes as a 

trailing (f) limb in the gravity-assisted movements backwards and downwards. 

Such conjugate pair of movement exhibit remarkable similarities in normal subjects 
(Fig. 3.1) although flexions in one case are extensions in the other, movements 

that are assisted by gravity in one are opposed by it in the other, and the muscle 

that is acting concentrically in one case will be acting eccentrically in the other. 
Grieve et al (1978) provided data on the kinematics of non-pathological 

subjects stepping on and off a platform of various height. Predictions have been 

made of movements which would be expected on a step equal to 10% of a persons 
height. The biomechanical interpretation of such a task suggests that there 

would probably be less similarity in the conjugated manoeuvre in the presence of 

neuromuscular and articular disorders: thus it might be possible to assess performance 

by making within-subject comparisons. Considerations based on these studies 

show that more extreme positions of the joints are involved (using the letters above) 
in the FUL-BDT and FDT-BUL manoeuvres. This is due to the fact that the body 

passes through a position in which one limb is in contact with the step at the 
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some time as the contralateral one is acting as a support on the ground. This is 

a closely linked manoeuvre in which the position of the leading limb must closely 

reflect the difference of the height of the step and the ground (Fig. 3.2). 

The present work reports a comprehensive three dimensional biomechanical 

analysis of "stepping" both for normals and for patients suffering from knee 

disorders. The activities analysed included taking a single step on level and 

on a step equal to 10% of the subjects height, both including their inverse 

manoeuvres. From all the possible combination of postures, the FUL-BDT has 

been chosen, because it represents the most natural task, i. e. the one that the 

subjects would have more confidence in performing as well as the one which is 

more likely to show variations.. 

3.2 Devices and Apparatus 

The tests were conducted using a walkpath incorporating two force sensitive 

platforms and three 16 mm cine-cameras. The forceplates are those supplied 
by the Kistler Instrument Company, and consist of two rigid steel plates supported 

on four transducers. The transducers which are of piezo-electric type, are 

mounted in such a way that it is possible to measure any force applied in terms 

of three orthogonal components (cartesian system) together with the three moments 

about the axes of the plate. 
The platforms are mounted on concrete foundation blocks and are housed in 

a recess in the floor, so as the top of the plates are on the some level as the 

floor. 

A set of nesting wooden platforms each of one cm thick were placed on top 

of the plate in order to create a step relative to 10% of the subject's height. 

The twelve channels containing the force and the moment signals generated 
by the two force plates transducers are recorded and stored in magnetic tape at 

a sampling frequency of 50 Hz. This is achieved by means of a PDP-12 digital 

computer (Digital Equipment Co. ). The analogue signals are later converted 
into digital form through a standard program (editor). 

The kinematic data are obtained through photographic techniques and are 

recorded by three Paillard Bollex H. 16 06 mm film) cine-cameras mounted 
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in the X -Y and Z -Y grid planes (Fig. 3.3). The shutter speed of the cameras is 

synchronized at 50 frames per second and colour film is used in each camera. 
Appropriate illumination is provided by overhead flood-lighting. 

The force plate and cinematographic signals are related by firing a flash 

bulb in the fields of view of each camera. Additionally, firing of the flash 

bulb producesa transient voltage which triggers an event marker which is 

recorded on the magnetic tape containing the force plate data. Thus the film 

and the force data are related on line. 

After each test the film is rewound in each camera and then re-exposed with 

the grid placed on the ground at the geometrical centre of the two force plates. 
The grid board consists of a black background with 5 inches (127 mm) square 

network of white lines., 

3.3 Methodology and Data Collection 

3.3.1 General 

To obtain spatial co-ordinates from the limb displacements on the cine-films 

records, skin markers are required. The markers are constructed of wooden 

spheres of one cm diameter and painted a fluorescent yellow colour. The markers 

are attached to the subject's body by means of double-sided adhesive tape placed 
between the marker backing and the skin. The markers are placed on the surface 

of the following joints: achromio clavicular joint, anterior superior iliac spines 
(ASTS), a tail marker on the lombo sacral joint region, on the tibial tuberosity, 

on the fibula head region, on the lateral aspect of the shank, midway between 

the fibula head and the ankle lateral maleolus, and on the heel and head of the 

fifth metatarsal joint. All the markers have been given initial identification 

numbers which will then be changed according to the requirements at different 

stages on the main programme developed to calculate the co-ordinates of the 

joints centre (Fig. 3.4 ). 

The pelvis has been considered as a rigid body, three markers (six 

quantities) are required to define its position in space. The same approach has 

been used for the shank. Once these segments are defined, the co-ordinates of 

the hip, knee and ankle joint centres are then derived. This procedure has been 
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adopted to overcome a very common problem in defining the joint centres with 

markers placed on the skin surface of such joints; the difficulty due to the amount 

of movement of the skin around the joints during locomotion. The calculations 

are possible by stabilising the relating of patients anthropometric measurements 

with the marker system (this will be fully described in the chapter giving the 

mathematical analysis). To achieve this relationship it is necessary to take a 

static film shot (one frame of the film would be enough) of the subjects before 

the tests. This relates the joints' centre with the marker system relative to the 

grid for all the three cameras. 
The hip joint centre is calculated relative to the position in space of the 

anterior superior iliac spines, this being based on a derived scaling factor for 

hip co-ordinate based in turn on the distance between the right and left iliac 

spines. These measurements were derived from skeletal and X-Ray measurements 

(in selected subjects) in order to obtain the scaling factor for each patients, where: 

SCALING FACTOR = PATIENT MEASUREMENT / SKELETAL MEASUREMENT 

The cine film recorded from the subject stepping on the sagittal (X, Y) plane 

is used to determine the X and Y co-ordinates of the joint centres, while the film 

recorded from the frontal (Z, Y) plane is used to measure the Z co-ordinate of 

the joint centred. _ 
3.3.2 Laboratory procedure 

Approximately one hour before the beginning of the test all the equipment is 

switched on and allowed to warm up. The tine cameras are loaded with 50 feet 

spools of Kodachrome 40 ASA 16 mm. film. This procedure is done with the 

cameras switched to "local mode" where they can be operated independently of 

each other. Illumination is provided by overhead floodlighting. The camera focus 

is adjusted and the lens apertures are set accordingly to readings of the photometer. 

lt was found that best settings for the apertures were: f2.8 for the side cameras and 

f2 for the front one. The cameras are then switched to "remote mode" so that 

they can be operated synchronously from the control panel. 
The charge amplifiers for the two force plates are divided into two sets for 

each plate: the top one which controls Fx, My, and Fz, is set to operate at 
100 mechanical units per volt. While the lower one which controls Mx, Fy and 
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Mz is set to operate at 20 mechanical units per volt. The buffer amplifiers for 

each channel is set to give the desired attenuation. At this stage the computer 
is already loaded with two tapes: one containing a standard programme called 
SAM12 (Jordan 1978) and the data tape. The programme has instructions for 

the total number of analogue and multiplexed channels to be used. 
A flash bulb is positioned in the flash light tripod, which is mounted on the 

run number block. The tripod is then positioned so that it is visible to all 

cameras without obscuring the subject as the manoeuvres are performed. The 

flash switch is placed on the control planner to be operated together with the 

cameras and force plates switches. 

The test subjects were subjected to a close medical examination and were 

asked to wear briefs. They were tested barefoot. Questions relating to 

the history of their locomotor disturbance were asked, anthropometric measurements 

were taken and the markers were placed on their anatomical landmarks. This 

procedure taL son average 25 minutes and all the measurements as well as the 

relevant clinical aspects were recorded in a standard form f ig. 3.5 ). 

3.3.3 The Tests 

The subject is asked to stand on the top of force-plate l rig. '3-: 6) and is 

allowed to perform as many manoeuvres as possible in order to feel confident 

with the test. These manoeuvres consisted of stepping forwards starting with 

the right leg on the top of force plate 2. Secondly stepping (Fig. 3.6) 

backwards on the top of force plate 1 this time starting with the left leg 

The manoeuvres were then repeated with a step equal to 10% of the patients 
height on the top of force plate 2.. 

.;. 
The flash light was prepared, the computer reset and the force plates charge 

amplifiers inputs discharged. The cine cameras were started and then the subject 

was asked to perform the first manoeuvre. Each of the computer channels of 

stored load information was checked and if satisfactory and the spatial data 

appeared to be satisfactory (this includes the flash operation, cameras operation, 

and all-. markers being visible) the force plate data was written to the data tape. 

If the test was not satisfactory, then it was repeated, otherwise the same procedure 

was repeated for the next manoeuvres. On the test form all the details were noted, 
such as run number, block number on the computer tape etc. All the transducers 
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and force plate amplifier gain settings were also recorded. 

Once the tests were finished all the cameras were set to "local mode", 
lenses covered and the film rewound. A grid board consisting of a black back- 

ground with 5 inches (127 cm) square network of white lines was placed on the 

ground at the geometrical optical axes of the three cine cameras. The lenses 

were uncovered and each camera was so re-exposed, superimposing the white 

square network on the film image. 

3.4 Experimental Results 

3.4.1 General 

Force and moment data was stored on magnetic tape, while kinematic data 

was stored on cine film, both with sample intervals of 0.002 sec. and related 

on line through a flash bulb being fired in the field of view of the cameras and 

a transient voltage of the same event marking the force plate data. The method 

available to convey the data to CDC7600 computer to be processed is in the form 

of punched paper tape. (PPT) 

Force and moment data was transferred from magnetic tape to PPT by means 

of the PDP12 computer, and this was achieved by means of a programme Editor 

(Jordan 1978). The data tape and the programme tape were loaded into the 

PDP12 and the desired block number selected. The events of the manoeuvres 

can be much more clearly seen using the Fy force plate data and with this channel 
displayed on the computer visual display unit (VDU) the first cursor was positioned 

on the beginning of the manoeuvre, while the second cursor was placed at the 

end of the event on the level of the base line. These position; were then checked 
for the other channels. All the values between and including the cursor values 
for each channel were then transferred to paper tape. The frame numbers of the 

cursors were recorded together with the frame where the flash event occurred. 

3.4.2 Film analysis 
The analysis of the tine-film records was performed in a semi-automated mode 

using a vanguard-PCD Spectra Digital Trace Reader. The film was projected by 

a Vanguard projector head onto a PCD reader glass screen. A gantry moved 

across the screen, carrying a cursor which could be moved vertically over the 
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length of the gantry. Wire linkages on both gantry and cursor were 

connected to potentiometers, the output of which depend upon the X and Y 

co-ordinates of the cursors centre viewing sight. When a point on the body was 
located on the cursor sight, the depression of a switch caused the X and Y co- 

ordinates of the point to be punched onto paper tape. 

Unfortunately, no printed output was available from the particular machine 

used, and human errors, eg. recording too few or too many co-ordinates per frame, 

were not detectable until a later stage of processing. As an aid to detecting errors 

of this nature, three fixed grid points were always recorded as the first data points 
in each frame enabling the co-ordinates at these points to be used as a basis for 

editing. Moreover, these three grid points are used to transfer the PCD 

reference system to the laboratory inertial frame system. The film is stepped 

through frame by frame until the frame in which the flash occurred is found, 

corresponding to the event marker on the force tape data. This event marker is 

related (as no. of points) to the point on the force data where the beginning of 

the movement occurs. This value was used on the film to identify the beginning 

of the manoeuvre. Both sides and front film were processed by following the 

some steps. 

The paper tapes obtained by this procedure were read onto a magnetic tape 
in the CDC-7600 system at the University of London Computer Centre. Following 

editing subsequent processing of the co-ordinate data was carried out using 

FORTRAN IV programmes. 
Control data such as subject and manoeuvre identification, camera speci- 

fication etc, were typed directly onto paper tape in the correct sequence and 

spliced onto the beginning of each tape. 
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4. ANALYSIS 

4.1 Introduction 

This chapter describe; the theoretical analysis used to reduce the kinematics 

and force plate data recorded during the experimental sessions. The analysis 

converts the spatial data obtained from the cine films to real distance units and 
the force plate data into units of force, and thus loading information on the lower 

limb structures are obtained. A computer programme has been developed for this 

analysis (Appendix 1) and it is carried out in the following steps: 
(a) Real distances and loads are obtained by applying parallax and scaling 

corrections to the spatial data and force calibration factors to the force plate data. 

(b) From a kinematic static shot (the static test) recorded at the time of the 

experiment on the film, direction cosines are determined in order to define the 

co-ordinate system of the three markers mounted on the shank with respect to the 

ground reference system (GRS), and relate the shank system to the ankle and knee 

joints centre. The positional relationships between the shank markers and the 

joint centres remain the same during a test on a subject, but change from test to 

test and from subject to subject, thus requiring their positions to be redefined in 

the beginning of each test. 

(c) During the dynamic test, the shank and pelvic co-ordinate systems of the 

structure is moving relative to the laboratory reference system for each frame of 

the film. At the instant of a particular frame, the moving structure and the 

reference system are fixed relative to one another, thereby permiting the 

direction cosines in the GRS of each of the co-ordinate system to be defined. 

(d) Determinations of the loading between body segments at the anatomical 

joint centres, using both dynamic load and spatial data is obtained using 

Newtons` law. 

(e) The direction cosines of the co-ordinate systems are relative to the GRS, 

thus a vector in any of the co-ordinate systems when multiplied by the direction 

cosine matrix, transfer the vector in the GRS. 

The assumptions made for this analysis are as follows: 
0) Each structure, for which a co-ordinate system. is defined is considered a 

rigid body; that is, the distance between the markers on the body is invariable. 
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The marker positions are chosen so that there is minimum skin movement 

relative to the respective bony prominences; therefore the marker is considered 

to be rigidly attached to the underlying skeletal structure. 

4.2 Cine Film Analysis 

The output data from the Vanguard-PCD film analyser is given with respect 

to the bottom left hand corner of the screen, and in order to refer all co-ordinates 

to the geometrical camera axes, which correspond to a centre line between the 

two force plates, calculations must be performed. For each frame analysed, 

three known fixed points of the grid were taken in order to account not 

only for the transfer of the origin of the co-ordinate system, but also to eliminate 

any small displacements of the film frame due to imperfections on the sprocket holes 

on the film. REF determines the laboratory reference axes system using the co- 

ordinate of the 3 auxiliary points marked on the grid. CHANGE transforms the 

co-ordinates of each marker on the frame from the vanguard system to the laboratory 

system. 

The output is in arbitrary units representing voltages output from the Vanguard- 

PCD potentiometres. The values differ from the true physical co-ordinates, the 

difference depending on the magnification of the projected image. As all the 

calculations are performed using true co-ordinates, the image co-ordinate values 

have to be multiplied by a scaling factor (SCALING, in metres) derived from a 

known dimension on the film. For this particular analysis the scaling factor was 

calculated using 0.127 m. squares drawn on the grid as follows: 

SCALING = 
0.127 

The corresponding readings in Vanguard units 

The force plate data on magnetic tape on the PDP 12 computer is in integer form 

between values of -512 to +512, where 512 represents an input voltage from the 

transducer amplifiers of 1 volt. ' To utilize this data in later calculations the stored 
information must be converted to the actual load units 

Force= FP data x buffer const, x amplif, set. / 512 (in Newtons) 

Moment= FP data x buffer const. x amplif. set. x 0.264 (in Newton -peters) 



19a 

ELEVATION 

YIANTES 

XIANTI 

"f 

GRID . PLAN 

I 

-PARALLAX CORRECTION 

-CAMERA 

X. 



19 

4.3 Parallax Corrections 

The co-ordinates obtained by reading directly from the film grid are apparent 

and a parallax equation must be developed to determine the true X, Y and Z 

co-ordinates of the marker. This is achieved by simple geometrical analysis 

From (Fig. 4.1') it can be seen that (see Paul (1967) for full 

derivation of the equations): 

Y= YIANTES - (YIANTES - HX) Z/XL (1) 

X= MANTES -XIANTES. Z/ZL (2) 

Z= Z1A - Z1A. X/XL (3) 

XIANTES, YIANTES and Z1A are the apparent grid co-ordinates, and 

X, Y, and Z are the true co-ordinates. HX and HZ are the distances of the 

X and Z cameras from the origin of the system and HX is the height of the cameras 

above the floor. 

From equations (2) and (3): 

X= XIANTES(1 - Z1A/ZL)/(1 - XIANTES. ZIA/ZL. XL) (4) 

Z= Z1A(1 - XIANTES/XL)/(1 - XIANTES. ZIA/ZL. XL) (5) 

The true X, Y and Z co-ordinates of the markers are derived and the Ankle, 

knee and hip joint centres are calculated. 

4.4 Calculation of the Unknown Co-ordinate 

All the markers used in this analysis could be seen at least by two of the three 

cine-cameras so that the requirements for parallax correction were obtained. 

However, one exception was the tail marker placed on the Lombo-sacral region, 

this marker could only be seen by both side cameras. Thus the Z grid co-ordinate 

of this marker had to be calculated based upon the distances between the anterior 

superior iliac spine (ASIS) marker and the tail marker, ýee fig. 4.2yrom the 

following equation: 

(Xc - Xb) 
2+ (Yc - Yb) 

2+ (Zc - Zb)2 = B2 (6) 
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[(X1ANTESc 
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IX]ANTES 

(Xb - XIANTESc) + (YIANTESc - HX) 

(Yb - YIANTESc) - Zb ZL] + (XIANTESc - Xb)2 + (YIANTESc - Yb) 
2+ 

Zb2 - B2 =0 (7) 

In this quadratic equation only the smaller root is the solution required. 

See Paul (1967) for full derivaton of the method. 

4.5 Defining the Static Co-ordinate Systems 

Static analysis employs a cine film frame from both the side and front cameras, 

with images of the patient's shank only, such that all calibration markers shown 

in Fig. 4.3 can be seen by both cameras. Three markers arranged in a triangle 
have been used to define a co-ordinate system. These markers are positioned 

such that a line joining two selected marken A and B in Fig. 4.3 lies on the Y 

axis. The Z axis is normal to the plane in which all the three markers lie and 

the X axis is perpendicular to both the Y and Z axes. 
The shank co-ordinate system (see Fig. 4.3) makes use of markers placed 

anterior and lateral to the knee and ankle joint centres such that the side camera 

will obtain from the lateral markers the X and Y co-ordinates, while the front 

camera obtains the Z co-ordinates from the joint front markers. A line joining 

the joint centres lies along the Y axis of the shank co-ordinate system. The 

normal to the plane in which the Y axis of this system and the X axis of the GRS 

lie, defines the Z axis and a line perpendicular to the Z and Y axis of this system 

defines the X axis. 
Also from the static test, the direction cosines of the vector between the 

medial and the lateral knee markers and the medial and the lateral ankle markers 

are found. These direction cosines are applied in determining the medial knee 

and ankle marker co-ordinates in the dynamic -tests. 

4.6 Defining the Dynamic Co-ordinate System 

Using the markers shown in Fig 4.3 
, the shank segment, the pelvis and the 
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thigh are obtained for successive frames of cine film. Once the marker co- 

ordinates have been found, the method used for obtaining the co-ordinate system 
in the dynamic situation is the same as that for the static situation. 

The pelvis marker triangle co-ordinates (Fig. 4.4) are obtained after 

parallax corrections. The Y axis is normal to the plane in which the three markers 
lie, while the Z axis is defined by the line between the two anterior superior iliac 

spines. The X axis is perpendicular to both Z and Y axes. 
The sense of these axes are: 
Y is positive from inferior to superior 

X is positive from posterior to anterior 

Z is positive from medial to right lateral. 

From measurements performed on" a skeleton and a number of normal subjects, 

the vector from the anterior superior iliac spine to the hip joint centre (HJC) of 
the same side in the pelvis co-ordinate system has the following components: 

x=0.183* D86 

y=0.305* D86 

z=0.122* D86 

Where D86 is the distance between the two ASIS. (Harrington 

1974). 

The thigh co-ordinate system takes the line betweenihe hip and the knee joint 

centres to define its Y axis, as neither the hip nor the knee centres Is defined by 

markers, position is obtained by taking a known vector from one marker (on the 

shank for the knee and ankle and on the ASIS for the'hip) to the respective joint 

centre. From the static shot a vector is defined from the marker 1(if left side marker 10) 

to both the knee and the ankle joint centre. This vector is then transferred to 

the GRS and added to the position vector of the respective camera to the marker. 

4.7 Intersegmental Force Actions 

4.7.1 Mass and centre of mass 
To calculate the force and moments acting on 

a joint during locomotion it is necessary to know the mass and the positions of 

the centre of mass of the limb segments. This is achieved by means of tables, 

for this particular work the information published by Drillis and Contini (1966) 

has been used (Fig. 4-5). 
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Segment 
Head, Neck 53.42 59.08 49.68 52.98 56.50 58.04 
and trunk 
Upper Arms 6.48 6.19 6.72 5.31 5.30 7.14 
Forearms 3.62 3.38 4.56 3.64 3.10 3.60 
Hands 1.68 1.48 1.68 1.41 1.20 1.20 
Thighs 22.36 17.36 23.16 24.43 19.30 18.92 
Shanks 8.78 9.35 10.54 9.31 9.00 8.40 

TABLE XI11: Location of Mau Centres from Proximal Joint in Percent of Segment Length 

and Fischer Bernstein Demoster N. Y 
Entire Arm 42.6 - 43.6 43.1 
Upper Arm 48.5 47.0 46.6 43.6 44.2 
Forearm and Hand - 45.8 - 67.7" 38.2 
Forearm 44.0 42.1 41.2 43.0 42.3 
Hand 47.4 - - - 39.2 
Entire leg - 41.5 - 43.4 39.7 
Thigh 46.7 44.0 38.6 43.3 41.0 
Shank and foot - 51.9 - 43.3 45.0 
Shank 36.0 42.0 41.3 43.3 39.3 
Foot (from heel) 46.0 43.4 - 43.3 44.5 
'Distance from elbow to ulnar styloid is assumed to be 100 percent. 

TABLE VII: Ratio (C of Radius of Gyration (p) to Segment Length (I 

Braune and Fisc er N. Y. U and Live Weighted 
Segment I Cadaver I Test I Cadaver 11 Test Subjects Average 

RL RL 
Entire Upper Extremity - 0.30 0.31 0.24 0.252 
Upper Arm 0.27 0.27 0.29 0.31 0.26 0.268 
Forearm and Hand 0.26 0.28 0.29 0.32 0.25 0.263 
Entire Lower Extremity - 0.32 0.32 0.24 0.256 
Thigh 0.26 0.27 0.31 0.31 0.23 0.250 
Shank and foot 0.32 0.32 0.33 0.35 0.29 0.303 
Shank 0.25 0.26 0.24 0.26 0.27 0.264 

Average 0.27 0.28 0.30 0.31 0.25 0.265 

It is assumed that these tests based on eight subjects provide better coefficients for the different segments. 
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For the purpose of determining the centre of mass, the foot and the shank are 

considered as one body. 

4.7.2 Moment of inertia 

As in the case of mass and centre of mass the moment of inertia was also estimated using 

the information given by tables. (Fig. 4.5) Drillis and Contini. 

The analysis ignores the torques due to moments of inertia about the long axis 

of the limb segments. 
4.7.3 Accelerations of limb segments. 

Velocity and accerlations are obtained by differentiation of the displacement data. 

To reduce error due to noise in the signal some authors (see Winter et al 1974) 

have passed the displacement data through a low pass digital filter in order to 

reduce noise. Thus to achieve this the cut off frequency should be stated ad 

priori (usually up to 8 or 10 H. Z). 

For the present analysis, the algorithm used has been described by Cappozzo 

et al (1975) which has been designed to obtain the time functions of the variables 
in an analytical form. Since all biomechanical functions can be represented as 

periodic functions, and have the properties of "weil behaved" functions, they can 
be represented by trigonometric functions: 

n 

Rn = U(t) _ Ao +E (Ai sinwj t+ Bi coswj t) (8) 

i 

The technique comprises two steps: First, the determination of a function which 
fits the data accurately. Assuming that the sampled data are subject to a random 

error whose statistical characteristics do not change with time, each sample can 
be seen as an observation from a normal population having a mean value and 
variance. Under this assumption a method of least square is used for the 

estimation of the parameters Ao, Aj, Bj, and of the variance (for details see 
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Example of plot of the square root of the variance estimate [s(n)). vs order u of the regression 
curve R, for different sampling rates. 
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Carnahan et al 1969). Secondly, a minimization of the mean square error 

with respect to the parameters Ao, Al, Bi is performed once the optimal parameters 

of the functions have been estimated, the problem of determining the more 

convenient number of harmonics, can be done by inspection of the plot of the 

square root of the variance versus the number of samples (Fig. 4.6)from 

Cappozzo et al 1975). Once the analytical form of the displacement curve 

is known the velocities and accelerations can be found by analytical differentiation. 

4.8 Calculation of the Intersegmental Moments 

The externally applied moments relative to the grid axis, acting at the centre 

of the joints are calculated from the ground to foot force actions and the joints 

spatial co-ordinates. 
The sign convention adopted in this programme is in accordance with the 

proposed international standard (C. P'. R. D. 1975). This can be seen on Fig. 4.7 

which shows the positive directions for forces and moments. 
For the calculation of the instantaneous centre of pressure at the foot allowance 

have to be made for the height of the step, placed on force plate two. 

The general form of the moment equation is as follows: (see fig. 4.8 for 

orientation). 

MzK= MzA - mg F, sin1 - I6 - IFx FI cosOI - IFy 7lsinO1+ FxA cosO2+ FyA 72sin02 

FxA = Fx component at the ankle joint. 

FyA = Fy .,.. .. 

IFx =x component of Inertia force acting at the CG 

IFy =y of It 11 11 11 11 11 

16 Inertia torque at the CG 

mg = Weight of the limb 

MzA = Moment at the ankle 

A computer programme has been developed to accept the force plate and 
kinematic film. A block diagram showing the operational sequence of the 

computer programme is given in Fig. 4.9 

(8) 
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CHAPTER 5 DISCUSSION OF RESULTS 

5.1 Introduction 

The step test described by Grieve et al (1978) included four basic pairs of 

manoeuvres (FUL-BDT, FDT-BUL, FDL-BUT and FUT-BDL). I-bwever, as outlined 
in the methodology only one pair of the four has been investigated in this project. 

This is the first of he manoeuvres referred to as FUL-BDT. Grieve's nomenclature 

was designed to describe the manoeuvre and to correspond to the location of the 

Polgon sensors on the subjects leg. Thus, FUL means forward (F) upwards (U) 

with polgon sensors mounted on the leading (L) leg. FUT describes the some 

manoeuvre but this time with the polgon sensors mounted on the trailing (T) leg. 

In this study the two manoeuvres carried out were described as 
follows: 

(i) with the subject (S) or patient (P) stepping forward (F) and upwards (U) 

always with the right leg leading. This manoeuvre is then referred to simply 

as FU 0 (or FU 1); zero to indicate zero height step and one to indicate 

10% height step respectively. The results for the right leg are then referred to 

as R/ýU 0 (or R/FU 1) and for the left leg as L/FU 0 (or L/FU 1). 

(ii) with the subject (S) or patient (P) stepping backwards (B) downwards (D) 

always with the left leg leading. This manoeuvre is referred to simply as 
BD 0 (or BD 1) zero to indicate zero height step and one to indicate 10% 

height step respectively. The results for the right leg are then referred to as 

R/BD 0 (or R/$D 1) and for the left leg as LAD 0 (or L/BD 1). 

It should be emphasised that, considerable amount of work was necessary 
in order to reduce the cine-film data using a Vanguard-PCD film analyser. 
Each manoeuvre was seen by three cameras (both limbs analysed simultaneously) 
for zero stepping height and 10% stepping height for each patient and subject. 

The number of frames analysed for each manoeuvre was about 300 (100 for each camera 

giving 
.a 

total for all subjects and patients of the order of 25,000). On 

average, the film analysis for a patient (subject) carrying out all the manoeuvres 

was 12 hours. Furthermore, additional time had to be spent in editing the film 

data so as to ensure elimination of human errors. 
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Fig. 5.1 FP data for normal subject 1, FU 1 manoeuvre 
Fig. 5.2 FP data for normal subject 1, BD' 1 manoeuvre 
Fig. 5.3 FP data for patient 1, FU 1 manoeuvre 
Fig. 5.4 FP data for patient 1, BD 1 manoeuvre 
Fig. 5.5 Y displacements for subject 1, FU 1 manoeuvre 
Fig. 5.6 Y displacements for subject 1, FU 1 manoeuvre 
Fig. 5.7 Y displacements for patient 1, FU. 1 manoeuvre 
Fig. 5.8 Y displacements for patient 1, BD` 1 manoeuvre 
Fig. 5.9 Moments in sagittal plane for subject 1, FU 1 manoeuvre 
Fig. 5.10 Moments in sagittal plane for subject 1, BD I manoeuvre 
Fig. 5.11 Moments in sagittal plane for patient 1, FU 1 manoeuvre 
Fig. 5.12 Moments in sagittal plane for patient 1, BD 1 manoeuvre 
Fig. 5.13 Moments in coronal plane for subject 1, FU 1 manoeuvre 
Fig. 5.14 Moments in coronal plane for subject 1, BD 1 manoeuvre 

Fig. 5.15 Moments in coronal plane for patient 1, FU I manoeuvre 
Fig. 5.16 Moments in coronal plane for patient 1, BD' 1 manoeuvre 
Fig. 5.17 Moments in trcnsverse plane for subject 1, FU 1 manoeuvre 
Fig. 5.18 Moments in transverse plane for subject 1, BD-'I manoeuvre 
Fig. 5.19 Moments in transverse plane for patient 1, FU1 1 manoeuvre 
Fig. 5.20 Moments in transverse plane for patient 1, BD I manoeuvre 
Fig. 5.21 Typical ground forces in normal level walking 
Fig. 5.22 Typical intersegmental moments for normal level walking 

Fig. 5.23 Angle-angle diagrams for normal level walking 

Fig. 5.24 Angle-angle diagrams for 10% step test 
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5.2 Raw Data and Calculation of Moment 

Sample for some of the raw data from the tests of one normal subject and 

one patient are presented in Fig. 5.1 to 5.8. 

In comparing the forceplate (FP) data for the normals with those for the pathologicals 
it will be noticed that the forces for the patients showed considerable instability 

(made apparent by the fluctuations on the force signals) particularly on the y 

component of force 'Fy' see Fig. 5.1 to 5.4) 

Referring to the Fy force trace Fig. 5.1 to 5.4 the initial force value is 

about 300 N which is about half of the body weight (this value varies, sometimes 

more and sometimes less than half body weigh. It depends on the way the test 

subject is standing prior to commencement of the experiment. 
The pattern of the Fy force has the characteristic double peak shape observed 

on tests for normal level walking (see Fig. 5.21). The peak value however, is 

only about 10% above body weight, whereas on walking values between 207' to 
40% above body weight have been reported. This of course is due to the fact 

that only one step is performed and the inertia effects are much smaller than in 

walking. 
It was considered that the "(displacements were the most relevant 

in the raw data and these are shown in Fig. 5.5 to 5.8. For the FU I manoeuvre 
(Fig. 5.5)it 6noted that the hip rises smoothly as the subject walks on the step, 

whereas the knee and the ankle displacements show peaks which indicate that 

the subject attempts to clear the step during the swing phase. The same applies 

for the BD' I manoeuvre. Symmetries for the left and right leg for the two 

manoeuvres are evident. There are no significant differences between the normals 
(Fig. 5.5 and 5.6) and the patients tested (Fig. 5.7 and 5.8) In the displacements 

curves. 

From the raw data, the moments in the sagittal, coronal and transverse 

planes have been calculated and sample graphs for the results for the same subject 

and patient are presented in Fig. 5.9 to 5.20. 

It will be appreciated that a large number of graphs have been obtained, one 

set for each of the five normal subjects and for each of the five patients tested. 

In order to allow comparisons between subjects, between--patients, between 

f. 
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patients and subjects, between various types of manoeuvres to be made easily, 

the curves for the same manoeuvres for normals and patients have been super- 

imposed on the some diagram. 

During swing phase very small load actions have been noted. These are 

practically zero at the ankle and very slight at the knee and hip due to inertia 

effects. Load actions during the swing phase have been reported to be of low 

magnitude when compared to those obtained during the stance phase of locomotion 

by several investigators (Paul, 1967 and Frankel and Bressler, 1952). 

5.3 Moments in the Sagittal Plane 

5.3.1 Moments at the ankle joint. The results for the ankle are as follows: 

Fig. 5.25 FU 0 (left and right) for patients and subjects 

Fig. 5.26 BD 0 (left and right) for patients and subjects 

Fig. 5.27 FU 1 (left and right) for patients and subjects 

Fig. 5.28 BD 1 (left and right) for patients and subjects 

Examination of Fig. 5.25 and 5.26 shows that the shapes of the graphs for 

the zero height step are similar to those obtained using a 10% step height 

(Fig. 5.27 and 5.28). The patient P1, however showed higher moment values 

than the other patients in all cases. The following discussion is based on the 

results of the 10% step test but applies equally well to the zero height step. 

Referring to Fig. 5.26 and 5.28, BD' 0 and BD I are similar to those for 

FU 0 and FU 1 but the graphs are in the reverse order with respect to time; due 

to the backwards direction of the BD' manoeuvre. 
On examination of Fig. 5.25 and 5.27, it is evident that the initial negative 

(plantar flexing moment) that is observed in normal level walking (see Fig. 5.22) 

is absent. This is because proper heel strike does not obtain in any of the 

manoeuvres examined in this study. The dorsiflexion moment was in the range of 
50 - 100 Nm which is somewhat less than the reported average of 130 to 150 Nm 

to normal level walking (see Fig. 5.22). 

It is evident from Fig. 5.25 to 5.28 for normal subjects that the loading on the 

two ankles (right and left) is not symmetrical - the loading on the left ankle tends 
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to be higher than that on the right. This may be explained as follows: on a 
FU manoeuvre (zero or 10% height) the left leg being posterior to the body, 

applies the push off power, and on the BD manoeuvre the left leg is again posterior 

to the body and decelerates the body on the backwards movement. 
In both cases this has the effect of increasing the ground reaction force and 

hence increasing the ankle moment. In the case of the patients the scatter 

was so large that trends cannot readily be seen for most patients. hbwever, one 

patient (P1) displayed high ankle moments with the left ankle moment being 

higher than the right as in the case of the normals. 
This tends to indicate that the ankle joint plays an active part during 

stepping and therefore one would expect this joint to compensate for knee 

deficiencies of the contralateral leg. 

The temporal parameters of gait, for all patients showed considerably 

larger scatter than those for the normal subjects. 
5.3.2 

, Moments at the, knee 
. 
joint 

Fig. 5.29 FUI. O (left and right) for patients and subjects 

Fig. 5.30 BD... d If It If if of u 11 

Fig. 5.31 FU 1 is uu., un It 

Fig. 5.32 BD1'1 if if nu to n to 

On examination of the diagrams 5.29 and 5.31 the moments obtained with 

zero height step are generally of the sane order as those for the 10% step. At 

first sight this would appear to be rather surprising as one would expect the 

quadriceps to be more active during a 10% stepping action, resulting in . 
higher 

moments. However, the ankle results suggest that active plantar flexion by 

means of gastrocnemius action on the contralateral side (trailing limb) assist the 

ascending leg and thus reducing the load required by the quadriceps. 
The results for the knee moments for the patients (Fig. 5.31 and 5.32) showed 

considerable scatter when compared to those for the normals. This applies to 
both zero and 10% height step test. Again patient (P1) showed higher values than 

the rest of the patients. 
On comparing Fig. 5.29 with the graphs obtained from normal subjects 

during level walking (Fig. 5.20) it is noted that the usual moment curve 
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reversal (locking and unlocking of the knee) is only present on the leading leg 

and at the zero step. The maximum knee extension moment recorded during the 

test was on the range of 120 to 200 Nm for both zero high and 10% step height. 

This is much higher than for normal level walking which is of the order of 40 Nm 

(see Fig. 5.20). It is reckoned that this is due to the fact that in the stepping 

manoeuvres the knee assumes a hyperextended posture throughout most of the 

stance phase. 
As was pointed out in the case of the ankle, the knee moments are also higher on the 

left leg than those on the right leggy- : ter-" 1, 

Again here, patientPl has displayed significant differences frcm the others. 
At this stage it is not possible to provide an explanation for this. 

5.3.3- -Moments at the hip joint 

Fig. 5.33 FL 0 (left and right) for patients and subjects 

Fig. 5.34M 0 11 to to it 11 
Fig. 5.35 FU I is 11 31 if 11 11 

Fig. 5.36 BD' 1 It of is it " is " 

As in the case of the moments at the knee there were no apparent differences 

between the results obtained using zero height step and the 10% step height. 

From Fig. 5.35 and 5.36 it is noted that the left leg has larger moments than 

the right during the stance phase. This is due to rigorous extensor activity which 
is required to stabilize the trunk. 

Apart from patient P1 " who displayed outstandingly large moments, there 

was very little difference to be seen between normals and pathologicals. 
The graphs are similar to those obtained for normal level walking if it is 

remembered that they only constitute part of the cycle of level walking. The 

maximum value has a range of 200 to 250 Nm, which is also (as in the case 

of-the knee) higher than for normal level walking which was about 150 Nm 

(see Fig. 5.20). 

5.4 Moments in the Coronal Plane 

5,4.1 Moments at the ankle-joint 
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Fig. 5.37 FU 0 (left and right) for patients and subjects 

Fig. 5.38 BD ýp "" It of " it 

Fig. 5.39 FU 1"" 91 it If 
Fig 

. 
5.40 BD 1 of If 11 It If 11 It 

All the graphs are very similar, and have the shape that one would expect. 
Fig. 5.39 the normals for instance have shown that the left ankle the moments 

are negative during the stance phase, which means that the external force actions 

tend to invert the ankle. The right leg has positive moments which indicate that 

the right ankle is also tended to be inverted. 

All graphs display a double peak characteristic similarly displayed by the Fy 

ground reaction force, which is also to be expected. The Fy ground force is the 

force mainly responsible for the production of this moment. 

Loading on the left leg is higher than on the right leg, this was noted also 

on the sagittal moments. 
In comparing normals and pathologicals the graphs are very similar, except 

perhaps that the patients showed lower values. The shape of the curves are 

similar to those obtained to normal level walking but the maximum value is much 
higher (120 vs 20 Nm). It is thought that the reason for this is the very wide 

walking base adopted in stepping. 

5.4.2 Moments at the knee joint 

Fig. 5.41 FU 0 (left and right) for patients and subjects 

Fig. 5.42 BD '0 If if " 11 11 

Fig. 5.43 FU I of of of it It of 

Fig. 5.44 BD. '1 "" "" "" '" "" If 

The graphs for the knee are similar in shape to those of the ankle; which is 

to be expected. There is more scatter in the results for the knee than the ankle. 

5.4.3 Moments at the hip joint 

Fig. 4.45 FU 0 (left and right) for patients and subjects 

Fig. 5.46 BD 0" It If 11 11 11 

Fig. 5.47 FU 1 11 "" 11 it to " 

Fig. 5.48 BD 1 It If it of to it 11 
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Generally, it has been found that for the right leg the hip moment: tended to 

be higher than the knee moment and the knee moment: higher than the ankle 

moment:. (see Fig. 5.13). For the left leg there was a tendency for the hip 

moments to have a higher value than the knee and the ankle moments. However, 

for the left leg, the knee moments were sometimes above sometimes below the 

values for the ankle moments. 
Fig. 5.45 to 5.48 have the some characteristic shape as those for the ankle 

and knee, he. displaying the same doubt peak characteristic. Generally, 

however, the scatter of the curves at the hip level it is much more pronounced 

than tho3aof the knee and ankle. 

The range of hip moments calculated was 200 to 250 Nm whereas for normal 
level walking values of up to 150 Nm have been recorded (see Fig. 5.22). 

5.5 Moments in, the Transverse Plane 

Only sample results for subject Sland patientPl (Fig. 5.17 to 5.20) are shown 

for the transverse plane moments. Other investigators (University of California 

1947) have shown that the torque along the long axis of the limb displayed 

considerable scatter even for normals. The some effect was observed in the 

present study. It was therefore decided that it was little to be gained in 

collecting all the results for normal subjects and patients for this parameter. The 

maximum torque observed was of the order of 15 Nm for both patients and 

subjects. 

5.6 The Angle-Angle Diagrams (Figures 5.49 to 5.56) 

It was decided to present the kinematic results of this 

study in the form of angle-angle diagrams (Fig. 5.23 and 5.24). This decision 

was taken for two reasons: firstly, these diagrams incorporate a method of 

normalisation of the data since they eliminate the time variable. Variation in 

the time taken to perform a certain manoeuvre distorts the shape of the curves 

and make comparisons between tests difficult. Secondly, it is obvious that the 

most important features of the kinematics of stepping are the angles between the 

various limb segments. 
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This study did not confirm the statement made by Grieve et at (1978) viz: "the 

similarities between normal conjugate movements seem remarkable and deserve 

exploration". It can be seen, from the diagrams presented rig. 5.53to5.56)that 

these curves for the conjugate pair vary within subject or patient. 
It is concluded that the angle-angle diagram, represents a good visual aid 

for locomotion studies, but does not provide complete information. 

5.7 Angle-velocity diagrams 

Fig. 5.57 to 5.64 show the angular velocity at the knee plotted 

against knee angle. 
These are presented as another way of conveying information. Instability 

areas can be seen ., apparent as small loops. These diagrams may prove useful in 

interpreting the rate of muscle contraction at a particular joint. However, 

further studies are required towards this end. 

5.8 Analysis of result for one particular patient, P2 ("within-patient" comparisons) 
5.8.1 Introduction The discussion so for has been based by considering all 

subjects and patients collectively in order to identify trends. The results obtained 
for one particular patient (selected arbitrarily as patient P2) will be considered in 

order to allow comparison "within-patient" to be made. 
5.8.2 Moments in the sagittal plane Observing the moments in the sagittal plane 
for the ankle and knee for this patient, remarkable similarity for the curve shapes 
for these two joints is noted. The most important part in both manoeuvres (PU 1 and BD 1) 

is the double support phase (shaded area Fig. 5.65to5.70)wherethebodyweighti. s being 

transferred from one leg to the other. In both cases ýU I and BD 1) either for the 

ankle and knee, the "within patient" analysis confirms the important role of the 
left leg on the step action. ," In these, figures it is easier to see the result of this 

affecting all the joints during double support. 
The coronal plane moments have confirmed the general discussion. (para. 5.4). 

5.8.3 The angle-angle diagrams The thigh-knee diagrams, show differences in 

shape on first impression. The differences are as follows: 

The left leg during FU 1 shows a certain degree of instability Fig 5.71 

(oscillations in the knee) while the hip is being extended and the body is pushed 
forwards. The largest knee flexion on this diagram suggests that the patient is using 
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his quadriceps in the trailing leg in order to assist the contralateral limb. 

Comparing the FU 1 left leg with the BD 1 left leg, shows that in the latter 

manoeuvre the patient is not using his knee very much, suggesting that the calf 

group is being responsible for the deceleration of the movement. 
However, the FU 1 and BD 1 for the right leg, shows a remarkable difference 

in the conjugate pairs as described by Grieve et al (1978). It is important to 

note that in this double stance phase, in the FU 1 manoeuvre, the knee remains 
"locked" at a certain angle while the hip extends as the body is being translated 

to the step. In this particular instant the quadriceps group is acting isometrically, 

in order to provide more stability during the transference of the load from one limb 

to the other. On the conjugate pair (BD 1) this phenomenon does not occur - 

gravity assists the manoeuvre and the contralateral limb is the one responsible to 

support. 

In both cases, left and right leg, the limb leading the manoeuvre is the one 

which produces larger angles during the swing phase. This is due to the necessity 
to clear the ground (step); the same does not obtain in the trailing limb as the 

neurosystem had already received the necessary informations. 

Grieve et al (1978) emphasise the importance of the shapes of the angle-angle 
diagram as an aid in itself to assess and interpret pathological cases. It is the 

author's view that this is an over-simplification when assessing significance of 

shape changes clinically, unimportant features in locomotion can produce such 
distortion. In the case (patient P2) analysed it is of interest to note that the 

difference in shape, of the diagram of the right leg (FU I and BD 1) occurs mainly 
during the swing phase which seems not to be of any importance in the detection 

of pathological states. 
The diagrams without doubt can be of considerable help in the interpretation 

of human kinematics, but it has to be borne in mind that the whole of the 

biomechanical complexity of the action is not being reflected in these diagrams and 
in consequence they have to be used as an accessory tool only. 



82 

Additionally, presentation of the kinematic data in the form of angle-angle 
diagrams has the advantage of allowing direct comparisons to be made with the 

results of the preliminary study on the stepping action carried out using the 

Polarized light goniometer (Polgon) by D'Angelo and Grieve (19Mand Grieve 

et at (1978). 

Fig. 5.49 and 5.50 show that the angle-angle diagrams produced during 

zero height step are generally similar to those obtained for walking on the level 

(see Fig. 5.23) for both left and right legs. However two differences can be seen: 

a) the hero height stepping diagram does not close completely, as in the case of 
level walking. This is due to the fact that the step test does not constitute a 

full cycle (stride) as in locomotion and in the majority of the cases (both for 

normals and pathologicals) the limbs do not end up with the same posture as at 
the start of the manoeuvre. b) in the step test it seems that there is a tendency 

to hyperextend the knee during the stance phase. The latter effect was inter- 

preted as a posture adopted in order to save muscle energy during standing. 
This is not commonly seen in walking due to large inertia effects. 

The BD 0 manoeuvre (Fig. 5.51 &557 shows familiar curves shapes for the 

right leg but completely distorted curve shapes for the left feg, for both normals 

and pathologicals. The inconsistencies in the shapes for this manoeuvre are 
thought to be due to the unusual nature of this particular stepping movement. 
It has been observed that a certain subject may choose any convenient posture 

at a certain moment in time. At first sight it would appear that important features 

could emerge from such a diagram, but on comparisons with Fig. 5.55 and 5.56 BD 1 which 

represent the some movement performed on a 10% height step, a more stable diagram 

is seen (for both normals and pathologicals). When descending from a step, both 

normals and pathologicals, have less choice in posture than when walking 
backwards on the level. 

For the FU I and BD I Fig. 5.53 to 5.56 the right ieg produces the shape described 

by Grieve et al (1978) see Fig. 5.24. These curves did not show significant 
differences. between the normals and the pathologicals neither for neither FU I nor for 

BD ' 1. Nevertheless, differences do occur between the conjugate part of 

diagrams FU. 1/BD 1) within a certain subject (for both normals and patients). 
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6. CONCLUSIONS 

There were no significant differences between the moments at ankle, knee 

or hip for step height of 0% and 10% of patient's height. 

The left leg (trailing leg) was found to be always more highly loaded than 

the right, in both the FU and BD manoeuvres. The calf muscular group seems 
to play an important role in accelerating the body upwards or absorbing the 

energy in decelerating the body backwards. 

This is a disadvantage in the step test as a patient can mask pathology in 

the leading leg knee using the gastrocnemius of the trailing leg. 

The angle-angle diagrams'can be of considerable help in the interpretation 

of human motion kinematics. However to attempt to interpret pathological 

conditions from merely the shape of the angle-angle diagrams would be an over 

simplification. Analysis of the results must be done in conjunction with other 
information such as force actions, temporal parameters etc. During the stance 

phase measurement of both the forces and displacements is of importance 

whereas during swing phase the linear and angular displacements are most relevant. 
The calculations carried out clearly indicate that the forces due to the inertia 

effects during the stepping action are negligibly small. 

No significant differences were found between the patients and the control 

subjects. Furthermore, an attempt to interpret "within patient" variations (as 

suggested by Grieve et al 1978) did not prove fruitful. Similarities in conjugate 

pairs when using the angle diagrams, were not found. 

A positive outcome of significance has been the development of a computer 

program which accepts data from 2 force plates and a kinematic system and 

outputs 3 dimensional intersegmental, force actions, and linear and angular 

displacements in graphical form. This development was necessary in order to 

handle the enormous amount of data involved and it is now so designed that any 

modification/improvement considered necessary in the future development of all 
locomotion testing procedures can be easily accommodated. 

It is concluded that the step test in its present form has no application as 

part of a battery of tests used for clinical purposes. Further exploration 
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therefore, in this simple form of test, is not recommended. Future investigations 

should be carried out using a step of variable rise - from zero to a height that 

the subject/patient is capable of climbing - in order to establish a relationship 

between step height and the relevant biomechanical parameters. 
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CCC - COPYRIGHT - COPTiIGHT - COPYRIGHT - COPYRIGHT - COPYRIGHT - CC 
C C 
C THESE PROGRAMMES AHE COPYRIGHT (1980) BY - C 
C C 
C M. D. D$ANGELO (UNIVERSITY OF STRATHCLYDE AND UNIVERSITY OF RIO DE C 
C JANEIRO) C 
C C 
C R. M. EVERSON (THE SCHOOL OF PHARMACY* UNIVERSITY OF LONDON) C 
C C 
C D. G. PEACOCK (THE SCHOOL OF PHARMACY, UNIVERSITY OF LONDON) C 
C C 
CCC - COPYRIGHT - COPYRIGHT - COPYRIGHT - COPYRIGHT - COPYRIGHT - CC 

PROGRAM FIFTH(INPUT. OUTPUT, TAPE89TAPESsINPUT, TAPE6sOUTPUT) FIFTH 10 
DIMENSION IR(8). 15(81 IXUXU(10)sZUZUIIO). IlR(13), JIS(13). FIFTH 20 

1 XAXA(10), S»XIB), SS Y(8), »FZ(Y) FIFTH 30 
DIMENSION X1(1380)9Y1(1380)'ZI(1630)vY2(16301 FIFTH 40 
DIMENSION X1A(B. 125)rY1A(8, I25). Y2A(10.125). ZiA(10.125) FIFTH 50 
DIMENSION TXLt3)"T(393). TD(393), VAO(31. EKD(31, HJC(391251 FIFTH 60 
DIMENSION XIANTEb(109125)rYIANTES(109125), X(119125)9Y(11,125). FIFTH 70 

1 Z(11,125) FIFTH e0 
DIMENSION VLA(3). VLASTT(3). VLK(3). VLKSTT(3) FIFTH 90 
DIMENSION VH7Cl319VH7(3), TP(393)"FTt3,3) FIFTH100 
DIMENSION ANKVEL139bl)sANKACCt3,61)9KNEVEL(3.61), KNEACC(3961)9 FIFTHIIO 

I HIPVEL(3, bl). HIPACC(3961), HIPANX(61), OELHOX(61), KNEANX(61), FIFTH120 
2 HIPANZ(61). OELHOZ(61). KNEANZ(61)$FOTANG(61). FOTVEL(61)" FIFTH130 
3 FOTACC(61)9SHOANG(61)9 FIFTH140 
4 SOMEGA(61). SOMEGZ(611isALFAX(61), SALFAZ(61)+TOMEGX(6I). FIFTH150 
5 TOMEGZ(61)rTALFAX(61)ºTALFAZ(61)iTETA2(61) FIFTH160 

DIMENSION XCGSHA(61)sYCGSMA(61), ZCGSHA(61), SXGDO(611, SYGDD(61). FIFTHI70 
1 52GDDl611"XCGTHI(61), ICGTHI(611,2CGTMI(611hTXGDD(61), FIFTH1bO 
2 TYGOD(61), TZGDD(bl)+XESTI6I), ZEST(61), EMNEEX(6119 FIFTH190 
3 EMNEEZ(61). EMHIPX(61)rEMHIPZ(61), ANKMOX(61), ANKMOZ(61). F1FTH. O0 
4 TQA(61). FXK(61)rFYK(61). FZK(611. KNEEMX(61). KNEEMZ(61)9 FIFTH210 
S FXH(61). FYH(611sFZH(61). MIPMZ(61), HIPMX(61). TQK(61)" FIFTH220 
6 TOH(61) FIFTH230 

DIMENSION FX(611, FY(611. FZ(611. MX(61), MY(bi), MZ(61) FIFTH240 
DIMENSION FHOLD0000). TOTO60t61) FIFTHZSO 
DIMENSION YY(125). OFUN(61). D0FUN(61) FIFTH260 
DIMENSION IDENT(7)9ANGDEGII0) FIFTH270 
COMMON /AGTFLG/ ASTFL(2) FIFTH280 
COMMON /bLOCKI/ bSX(10), SSY(10)ºSFZ(10) FIFTH290 
COMMON /BLOCK2/ AJC(3r1241, KJC(3.12S)+SXL(3) FIFTH300 
COMMON /FMLOBK/ FHOLU FIFTH310 
COMMON /LADO/ LEFSIO+I! ýIDE"JSIDE. LSIDE. JBIDE, LBIDE FIFTH320 
COMMON /TRYY2/ Y2A. Y2 FIFTH330 
COMMON XIANTES. YIANTES, AIA+YlAtZ1A. XtY, Z, HX, XL, ZL FIFTH340 
EQUIVALENCE (FHOLD(11, FX(11). (FHOLO(62)+FY(I11, (FHOLO(123). FZ(I11 FIFTH350 
EQUIVALENCE (FMOLD(184I, MA(1)), tFHOLO(24S). MY(1)). (FHOLD(306)9 FIFTH360 

1 MZ(1)) FIFTH370 
INTEGER SFRAME+FFRAME FIFTH380 
REAL IIR; IIS"IRrIS+KNEANX+KNEANZ, KNEEMX. KNEEMZ, KJC, KNEVEL FIFTH390 
REAL KNEACC, LENGTH, MX, MYsMZ FIFTH400 
LOGICAL ABTFL. FUL. LEFSID9NE. MAN. OIDENT FIFTH410 
DATA DEGREE / 57.29578 / FIFTH420 
DATA HALFPI / 1.570796 / FIFTH430 
DATA IFUL/3HFUL/ FIFTH440 
DATA LAD02 / 3HKL1 / FIFTM450 

C FIFTn460 
C READ IN CONSTANTS FOR PATIENT, AND CALCULATE VECTOR LOCATING HIP- FIFTH470 
C JOINT CENTRES FROM DISTANCE BETWEEN A. S. I. SPINES. FIFTH4bO 
C FIFTH490 

100 ASTFL(1)s. FALSE. FIFTH500 
CALL INPCON(BHtBMr0679078, DB6, IDENT(I). NEXTID) FIFTHSIO 
WRITE(69110)IDENT(1) FIFTH520 

110 FOHMAT(35HIPATIENT CONSTANTS READ FROM DECK . A9.1H. ) FIFTHS3U 
VH7(1)-O8bw0.1829 FIFTH540 
VH7(2)=D8600.3049 FIFTHS50 
VH7(3) 086'0.1219 FIFTH56U 

C FIFTH570 
C READ IN STATIC DATA FROM FILM OBSERVATIONS. FIFTH580 
C FIFTH590 

CALL INPKIN (IR. IS. NCHECK. IDENT(2), NEXTID) FIFTHbOO 
wRITE(69120)IOENT(2) FlFTH610 

120 FORMAT(35HOSTATIC SIDE DATA HEAD FROM DECK . A991M. ) FIFTH620 
If(NCHECK. NE. B)CALL ABORT() FIFTM63O 
CALL INPKIN (IIR. IIb+NCHECKr IOENTl3). NEXTID) FIFTH640 

_ WRITE(6.130)IDENT(3) FIFTH6S0 
130 FORMAT(3SHOSTATIC FRONT DATA READ FROM DECK 9A9,1H. ) FIFTH660 

IF(NCHECK. NE. 13)CALL ABORTO) FIFTH670 
C FIFTM680 
C READ IN AND PROCESS FORCE-PLATE DATA. ABORT IF ERROR FLAG SET. FIFTH690 



100 

C FUFTH700 
140 ABTFL(2):. FALSE. FIFTH710 

CALL INPFPD(FHOLD, NFPSET91DENT(4). NEXTID, BM. EVNTPT) FIFTH720 
WRITE(6,144) IDENT(4), EVNTPT FIFTH730 

144 FORMAT (35HOFORCE PLATE DATA READ FROM DECK . A9.1H. 910X, FIFTH740 
I 16HEVENT POINTER =, F8.2) F1FTH750 

IF INFP>ET. LE. O) CALL ABOPTt2) FIFTH760 
C FIFTH770 
C READ FRAME NUMBERS FOR EVENTS, AND FRAME COUNT. FIFTN7bO 
C FIFTH790 

CALL INPKMK(LHS. LTO. NHS, NTO. NF. IDENT(S), NEXTID) FIFTMM00 
WMITE(69150)IDENT(5) F! FTMt1U 

150 FORMAT(35HOFRAME NUMBERS READ FROM DECK . A9.1H. ) FIFTH82O 
C FIFTHHJO 
C READ KINEMATIC DATA. SFRAME I.: b THE NUMBER OF POINTS PER FRAME IN FIFTHS40 
C SIDE VIEW, INCLUDING THE FI)tST THREE POINTS OF THE GRID. F1FTH4SO 
C FFRAME 14 THE SAME FOR THE FRONT VIEW. FOR EACH VIEW THE FIFTH86U 
C NUMBER OF FRAMES IS CHECKED AGAINST NF. FIFTHN70 
C FIFTH88U 

CALL INPKIN (x1. YI9NSIDE, IDENT(6), NEATID) FIFTH890 
WRITE(69160)IDENT(6) FIFTH900 

160 FONMAT(3SHODYNAMIC SIDE DATA READ FRON DECK 9A9,1M. ) FIFTH910 
SFRAME=ll FIFTH920 

IFI(NF"SFRAME). NE. NSIDE)CALL ABORTt2) FIFTH430 
CALL IAOKIN(21, Y2, NFRONT. IDENT(71. NEXTID) FIFTH940 
wRITE(6.170)IOENT(7) FIFTH950 

170 FOPMAT(35HODYNAMIC FRONT DATA READ FROM DECK PA9,1H. ) FIFTH960 
FFRAME=13 FIFTH970 
IF((NF'FFRAME). NE. NFRONT)CALL ABORT(2) FIFTH980 
IF (A87FL(1). OR. A8TFL(2)) GOTO 890 FJFTH990 

C FIFT1000 
C DETERMINE WHETHER LEFT OR RIGHT, AND SET SIDE-DEPENDENT VALUES AND FIFT101U 
C POINTERS. FIFT1020 
C FIFT1030 

FULaOIDENT(IDENTt6). 6,89IFUL) FIFT1040 
IF(OIDENT(IOENT(2), 3,5. LADOc')IGOTO 180 FIFT10S0 
STEP-0.0 FIFT1060 
IF (OIDENT(IDENT(6)99,9,1H1I)STEP 0.1+BH FIFT1070 

C FIFT1080 
LEFSID=. FALSE. FIFT1090 
CONST=432.0 FIFT1100 
DK7=D67 F1FT1110 
IBIDE=2 FIFT1120 
JBIDE=1 FIFT1130 
LHIDE=2 FIFT1140 
KKA=1 FIFTl1SO 
I? 10E=0 FIFT1160 
Jzl, IDE=1 FIFT1170 
KAI FIFT1180 
KB=4 FIFT1140 
KC=2 FIFT1200 
KSIDE=4 FIFT1210 
LEIDE=2 FIFT1220 
MEIDE=7 FIFT123U 
XCONJT=0.000322 FlFT1240 
YCONyT=0.000292 FIFT1250 
XL=8.800 FIFT)2b0 
2L=S. 2S FIFT1270 
GOTO 190 FIFT1280 

C FIFT1290 
180 LEFbiIDs. TRUE. FIFT1300 

CON5T=383.0 FIFT1310 
DK7s078 FIFT1320 
IBIOE=5 FIFT133G 
JBIDE=10 FIFT1340 
LEIDE=9 FIFT1350 
KKA=9 FIFT1360 
IbIDE=S F1FTIJ70 
JýIDE=6 FIFT1380 
KC=10 FlFT1390 
LSIOE=7 FIFT1400 
KA27 FIFT1410 
KR=10 FIFT1420 
KSIDE=7 FIFT1430 
MEIDE=2 FIFT1440 
XCONST=-0.000329 FIFT145U 
YCONST=0.000332 FIFT14bO 
XL=8.800 FIFT1470 
ZL=-3.95 FIFT1480 

C F1FT1490 
C CALCULATE FIXED PELVIC ANGLE, AND SET CAMERA HEIGHT. FIFTLSOu 
C FIFT1510 

190 ANGJ. ATAN(saRT(4.0"DK7"OK7-086'086)/D86) 

1 

FIFTIS10 
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ANGSC-ANGS*57.29577951 FIFT1SJO 

HXxO. 86 FIFT1540 

HZ=NX FIFT1550 

C F)FT1SbO 
CALL RtFlIAl1). IRl2). IRl3)+IýI11sIS12)rIS(3). XO+ZO"CD) FIFT1S7u 
Z0zZ0-CONST FIFT1580 
00 200 I=4+8 FIFT1590 
CALL CHANGE(X0. Z0+CD+IRl1)+ISII). XU"ZU) FIFT1600 

ZUZU(I-3)-ZU"TCONST FIFT1610 
XUXU(I-3)=AU0XCON; T FIFT1b20 

200 CONTINUE FIFT1630 

ANKLEX=XUXU(1) FIFT1640 
ANKLEY=ZUZU(L) FIFT16S0 
AKNEEX-XUXU(2) FIFT1660 

AKNEEY-ZUZU(2) FIFT1670 
DO 210 1=3+5 FIFTI680 
II=I"ISIDE-2 FIFT1690 

SSSX(II)=XUXU(I) FIFT1700 
>Y(II)=ZUZull) FIFT1710 

210 CONTINUE FIFT1720 

C FIFT1730 
C ... AND THE SAME FOR THE FRONT CAMERA. FIFT1740 
C F1F'T1750 

CALL REFtIIR(1)"IIR(2)'118131+IIS(Iltllb(2)+IIS(3). X0"Z0"CD) FIFT1760 
ZO=ZO-375.0 FIFT1770 
DO 220 1=4,13 FIFT1780 

CALL CHANGE(XO"Z0"CO+IIR(1)+IIS(I), XU+ZU) FIFT1790 
XAXA(I-3)*-XU'0.000322 FIFT1800 

220 CONTINUE FIFY1810 

ANKLEZ=XAXA(KKA) FIFT1b20 
AKNEEZ=XAXA(KC) FIFT1830 

DO 230 I=1r3 FLFTIB40 

JJ=I"I81UE FIFTlbSO 
J=I+IS1DE FIFTI860 
SSFZIJ)sAAXA(JJ) FIFTIB70 

230 CONTINUE FIFT1bbO 

C FIFT1690 

C IN THE NEXT STAGE THE FZHST THREE POINTS OF EACH FRAME WILL BE USED FIFT11000 

C TO CORRECT THE COORDINATES FOR RANDOM DISPLACEMENTS OF THE FRAME. FIFT1910 
C FIFT1920 

C FIFT1930 

I1A 1 FIFTIY40 
I1B 11A FIFT1950 
DO 250 I=1, NSIDE, SFRAME FIFT1960 

CALL REF(X1(1)+X1(I. 1)+X1(I 2), T1(I), Y1lI. 1)sY1(1.2). X0. Z0"CD) FIFT1970 
Z0. Z0-CONST FIFT1980 

K=1+3 FIFT1490 

N=I"SFRAME-1 FIFT2000 
00 240 M=K. N FIFT2010 

CALL CHANGE(XO. Z0+CD"X1(P4)1Tl(M)+XU+ZU) F1FT2020 
C FIFT2030 

C x1A(M) AND Y1A(MI REPRESENT THE VALUES OF X AND Y BEFORE PARALLAX FIFT2D'0 

C CORRECTION. FIFT205U 

C FIFT2060 

C THE NEXT STAGE IS TO CONVERT VANGUARD UNITS TO METRES. FIFT2070 
c FIFT20BU 

X1A(I1Arl)B). XU. XCONST FIFT2090 
Y1A(IIA. I1B)uZU*YCONST FIFT2100 

IIA=IIA. l FIFT2110 

IF(IIA. LT. 9)GOTO 240 FIF72120 

IIA-1 FlFTe130 

I1H I1B"1 FIFT2140 

240 CONTINUE FIFT21S0 
250 CONTINUE FIFT2160 

IlA=1 FIFT2170 

I182IlA FIFT218U 
00 270 I=1+NFRONT"ffRAMF FIFT2190 

CALL REF(Z1(1)"Zl(l, l), Zl(I. 2). Y2(1)9Y2(1.1)+Y2l1"21"x0"Z0"CD) FIFT2200 

ZO*ZO-375.0 FIFT2210 

K=1+3 FIFT2? 20 
N=I"FFHaME-i F IFT2130 

DO 260 H=K. N 
FIFTZLOO 

CALL CHANGE(XO+ZO+C0+71(M), Y2IM), XU+ZU) FIFT22SU 

C F if T2Zn0 
C Y2 IS NOT USED FURTHER EXCEPT TO PRODUCE THE TABULATED COMPAkISONý FIFT2270 
c OF SU8ROUTINE CHECKY. ZIA 15 THE VALUE OF Z HEFORE PARALLAX FIFT22HU 

C. CORRECTION. F1F72l40 

C 
FIFT2100 

Z1A(I1A+1181 -XU*0.000322 FIFTl310 

Y2A(IlA9I16) ZU06.000322 FIFTI. i? u 

I1A=IlA"1 FlFTl±sO 
IF(IIA. LT. 11) GOTO 260 FIFTe34O 

I1Az1 FIuT2JS0 
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118-I1B. 1 FIFT23bO 
260 CONTINUE F1FT2370 
270 CONTINUE FIFT2380 

C FIFT2390 
C IN THE NEXT STEP THE COORDINATES ARE STORED IN THE ARRAYS X)ANTES. FIFT2400 
C YIANTES WITH A COMMON RELATIONSHIP BETWEEN SUBSCRIPTS AND THE FIFT2410 
C TARGETS ON THE PATIENT: THE THREE INITIAL GRID POiNT5 UN EACH FIFT24t0 
C FRAME ARE ELIMINATED. FIFT2430 
C FIFT2440 

00 290 Kz5, SFRAHE FIFT2450 
DO 280 I l+NF FIFT24b0 
XIANTES((K-4), I) XIA((K-2). l) FIFT2470 
YlANTEý((K-4)9I)sY1Al(K-2), I) F1FT1480 

280 CONTINUE FIFT2490 
290 CONTINUE FIFT2500 

IF(. NOT. LEFSID)GOTO 320 FIFT2510 
00 310 K81.4 FIFT2520 
00 300 I-I. NF FIFT2530 
XIANTES((K"6), 11aX1ANTES(K, 1) FIFT2540 
YIANTES((K"61, I1 YIANTES(K, l) FIFT2S50 

300 CONTINUE FIFT2560 
310 CONTINUE FIF11570 

CALL CHECKY(YIAIJTES910, Y2A, 10, NF, KA. KB) FIFTZ580 
C FIFT2Sy0 
C SUBROUTINES PAPALA AND PIRILI CORRECT FOR PARALLAX, RESPECTIVELY FOR FIFT2b00 
C THE KINEMATIC AND STATIC COORDINATES. XL. ZL AND HX ARE THE FIF7, e610 
C CAMERA DISTANCES (FRONT, SIDE, AND HEIGHT RESPECTIVELY). IT IS FIFT1b20 
C IMPORTANT T0 NOTE THAT FOO THE LEFT CAMERA THE VALUE OF ZL 15 FIF1Zb30 
C NEGATIVE. TO KEEP THE CORRECT SIGN IN THE EQUATIONS. FIFT2640 
C FIFT265D 

320 CALL PARALA(KA, K8. NF) FIFT2660 
CALL CHECKY(Y, 11+Y2.10. NF9KA$KB) FIFT2b70 
CALL PlRXLI(»>XlZSIDE, l). SSSYtISIDE"1). SSFZIISIDE"1). XL. ZL. HX) FIFT2680 

C FIFT2690 
C AKNEE(X, Y, Z) AND ANKLE(X, Y. Z) ARE THE CENTRES OF THE JOINTS 

' 
FIFT2700 

C AND VLK(X. Y. Z) ARE THOSE TAKEN FROM THE STATIC SHOT. VLA(X. Y. Z) FIFT2710 
C AFTER PARALLAX CORRECT(ON. VLAIJ) AND VLK(J) ARE THE VECTORS FIFT2720 
C FROM MARKER 1 TO THE CENTRE OF THE ANKLE AND KNEE JOINTS. FIFT2730 
C FIFT2740 
C SUPROUTINE POROLO CORRECTS PARALLAX FOR THE JOINT CENTRES. F1FT2750 
C FIFT27bO 

CALL POROLO(VLAX. VLAY, VLAZ. ANKLEX, ANKLEY, ANKLEZ. ZL. XL. HXI FIFT2770 
CALL POROLO(VLKXjVLKY, VLKZ, AKNEEX. AKNEEY, AKNEEZ. ZL. XL"HX) FIFT2780 
VLA(IlwVLAX-SSX(JSIDE) FIFT2790 
VLA(2)SVLAT-SSY(JSI0EI FIFT2800 
VLA13)vVLAZ-bFZ(JSIDE) FIFT2810 
VLK(1)aVLKX-SSX(JbIDE) FIFT2820 
VLK(2)"VLXY-SSY(JSIDE) FIFT2830 
VLK(3)sVLKZ-SrZ(JSI0E) FIFTZH40 

C FIFT2b5O 
C I IS THE MATRIX WHICH RELATES THE GROUND AND SHANK SYSTEMS. FIFT2H60 
C - FIFTZH70 

CALL TSTAT(T) FIFT2HHO 
C FIFT2b'. 0 
C THE VECTOR TXL DEFINES THE FORWARD DIRECTION OF THE SHANK. 

- 
FIFT2900 

C FIFT2910 
TXL(1)sT(1.1) FIFTZ920 
TXL(2)"T(2,1) FIFT2930 
TXL(3)+T(3.1) FIFT2v40 

C FIFT29S0 
C VLASTAT AND VLKSTAT REPRESENT VLA AND VLK AT STATIC CONFIGURATION FlFTZ9b0 
C IN THE SHANK SYSTEM. FIFT2970 
C FIFT29HO 

CALL AMULT(T. VLA. VLASTT) FIFT2940 

CALL AMULT(T. VLK. VLKSTT) FIFT3000 
C - FIFT3010 
C CALCULATE THE COORDINATES OF THE KNEE AND ANKLE JOINT CENTRES. FIFTJU20 
C FIFT3030 

DO 340 I-1. NF FlFT3040 
C FIFT30SO 
C THE SUBROUTINE THAT WILL CALCULATE T DYNAMICALLY. FIFT306o 
C FIFTJO70 

CALL TMAT(I, T. X, Y, Z) FIFT3080 
C F IFT3090 
C THE ARRAY TD IS T TRANSPOSED ITO THE GROUND SYSTEM). FIFT3100 
C FIFT3110 

00 330 Js1.3 FIFTJ120 
TD(J. J)=T(J, J) FIFT3130 

330 CONTINUE º'IFT. IIýO 
TO(1.2)-T(2, I) FIFT: lISJ 
TD(193)xT(3.1) FIFT3160 
To12.11-1(1,2) FIFT3170 
TO(2,3)=T(3.2) FIFT3)M0 
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TD(3.1)=T(1.3) VIFTJ190 
TD(3.2)zT(293) F0 TJ200 
CALL AMULT(TD. TXL. bXL) FIFTS210 
CALL AMULT(TO. VLASfT, VAD) FIFT3e2U 
CALL AMULT(TU. VLKSTT. EKD) FIFT. 730 
AJC(19i)-VAD(11. X(J8I0E9I) FIF7e240 
AJCl2. I1sVAD(2). Y(JBIDE. I) FIFT3es0 
AJC(39I)sVAD(3). Z(JdIDE. I) FIFTJeb0 
KJC(19I)=EKD(I). X(JBIOE. I) FIFTJ270 
KJC(2.1)=EKD121. Y(JBIDE. i) FIFT3180 
KJC(3. I)-EKD(3). Z(JBIDE911 FIFT329U 
CALL FMAT(I. FT) FIFT3300 

C FIFT3310 
C CALCULATION OF THE COORDINATES OF THE TAIL MARKER (M). FIFT33tU 
C FIFTJ330 

AOUAD=(XIA(MSIDE9I)"*2"(HZ-Y1A(MSIDE91))"*2)/(ZL"ZL)"1. FIFT3340 
BUUAD=2. U ((A1A(MS1pE. I)*(X(KSIDE, I)-X1A(MSIDE. II)" FIFTJ350 

1 (Y(KSIDE. l)-YIA(MSIDE. I))"lYIA(MSIDE. I)-HZ))/ZL FIFT3360 
2 -Z(KJIDE. I)) FIPT3370 

COUAOs-DK7*DK7"(X(KSIDE. I)-X1A(MSIDE9I)) " 2" FIFT3380 
1 IY(KS1DE. 1)-Y1A(MSIDE. I))"02"Z(KSIDE. Ii""2 FIFT3390 

C FIFT3400 
C NOW CALCULATE THE ROOTS. FIFTJ'. 10 
C FIFT3420 

CALL ROOTSIRX1. RX2, AQUAD. BOUAD. 000AD) FIFT3430 
C FIFT3440 
C X(11. I)" Y(11.1)" Zt11. I) ARE THE FINAL COORDINATES OF THE FIFT3450 
C TAIL MARKER. FIFT3460 
C FIFT3470 

Z(1110I)sRX1 FIFT34AO 
IF I. NOT. LEFSIDIRXls-RXI FIFTJ490 
X(I1. I)=XlA(MSIDE9I)"RXI*XlA(MSIDE. I)/ZL F1FT3500 
Yt11. I)=Y1A(MSIOE9I), RX1"(YIA(MSIDE"I)-HZI/ZL FIFT3510 

C FIFTJS20 
C DYNAMIC ANGLEb - ANOD IS IN RADIANS AND AGDC IS IN DEGREES. FIFT3530 
C FIFT3540 

ANGDsACOS(ABSI(Z(KSIDE. i)-Zt11. I))/DK7)) FIFT3550 
ANGDC=ANGD"51.29577951 FIFT3560 

C FIFT3570 
C NOTE THAT TP IS THE PELVIS ROTATION MATRIX. FIFTJ5b0 

C FIFTJS90 
TP(1. l)=COS(ANGO-ANGS) FIFT3600 
TP(192)s0.0 FIFT3610 
TP(1.3)sSIN(ANGO-ANGS) FIFT3o20 
TP(291)=0.0 F1FT3630 
TP(2.2)s1.0 FIFT3640 
TP(293) 0.0 FIFT3650 
TP(3.1) -SIN(ANGD-ANGS) FIFT3bbO 
TP(392)sO. O FIFT3670 
TP(393)zCOS(ANGD-ANGS) FIFT36dO 
CALL AMULTtTP. VM79VHTC) FIFT3690 

C FIFT3700 
C MULTIPLY THE VECTOR VH7 UY THE MATRIX Th' TO GIVE VH7C. THE VECTOR FIFTJ710 
C LOCATING THE HIP JOINT CENTRE FROM THE A. S. I. S. MARKER AT TIME T. FIFT3720 
C FIFT3730 

IF(LEFSID)VH7C(3)z-VH7C(3) FIFT3740 
HJC(1. l)aX(KSIDE. I)-VH7C(1) FIFTJ7SO 
HJC(29I)sY(KSIDE+I)-VH7C(2) FIFT37b0 
HJC(3. I)=Z(KSIOE+II-vN7C(3) FIFTJ770 

340 CONTINUE FIFT3780 
CALL TABLEI(IDENT(6). AJC. KJC. HJC. NF) FIFT379U 

C FIFT3800 
IF (LEFSID) GOTO 410 FIFT3810 
J=1 - FIFT382O 
K=2 FIFT3830 
Yºs0.037"STEP FIFT3N40 
CXls. 30 FIFT3$S0 
CZ1=. 20 FIFT3bbU 
GOTO 440 FIFTJM70 

410 J=A F(FT38d0 
K=7 FIFTJM40 
YFs0.037 FIFTJV0U 
CX1"-. 30 FIFT3910 
CZ1s-. 10 FIFT3420 

420 CONTINUE FIFT3v30 
ND. NF FIFT3V40 
NC=61 F1FT3VSU 

C FIFT 3voO 
IF (LEFSID) GOT0 422 FIFT347o 
IF (FUL) GOTO 421 FIFTJVbo 
NSYNCH=NEARbT(EVNTPT"1.5)-NTO FlPTJv. O 
GOTn 424 FlFT4CuU 

421 Ný, YNCH=NiARST(EVNTPT. 1.51-NHb FIFT4010 
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GOTO 424 FIFT4020 
422 IF (FUL) GOT0 423 FIFT4030 

NSYNCH-NEARST(EVNTPT. I. 5)-LHS F1FT4040 
GOTO 424 FIFT4050 

423 NbYNCH-NEARS7IEVNTPT"1.5)-LTO FIFT4060 
424 CONTINUE FIFT4070 

C FIFT40b0 
00 430 I=1+ND FIFT4440 

430 5HOANGII)aATAN2(lY1A(JrI)-HJC(29I)1+(XXA(J. I)-HJC(1+I)I) FIFT4100 
CALL SMOUTH(5OHSHOULDER ANGLE SAGITTAL PLANE*** 9FIFT4110 

I 19ND. ýHOANG(1)+1. NC. SHOANG(1). DFUN. DDFUN90) FIFT4120 
DO 440 I=1+NC FIF14130 

440 SHOANGIII. SHOANGII)'UEGREE FIFT4140 
CALL SMOOTH(SOHANKLE JOINT CENTRE X COMPONENT*** . FIFT4150 

1 3+N09AJC(1+1)+39NC. AJC(1+1). ANKVEL(l. l). ANKACC(I.! ). O) F1FT41b0 
CALL S)4OOTH(50HANKLE JOINT CENTRE Y COMPONENT*** 9FIFT4170 

1 3. ND+AJCl2+1)r3sNCrAJC(2i1)+ANKVEL(2+1). ANKACC(2.1). 0) FIFT4180 
CALL SMOOTH(50HANKLE JOINT CENTRE Z COMPONENT" . FIFT4190 

1 3+NO+AJC(3+1)º3+NC+AJC(3"+1)+ANKVEL(3.1). ANKACC(3.1). 0) FIFT4200 
C FIFT4210 

CALL SMOUTH150HKNEE JOINT CENTRE X COMPONENT"* . F1FT4220 
1 3. ND. KJC(1.11.3+NC+KJC(1i1)+KNEVEL(1.1). KNEACC(1.1). 01 FIFT4230 

CALL SMOOTH(SOHKNEE JOINT CENTRE Y COMPONENT'"" 9F1FT4240 
I 39ND. KJC(291)93. NC. KJC(291), KNEVEL(2+1)+KNEACC(291). 01 FIFT4250 

CALL SMOOTH(SOHKNEE JOINT CENTRE Z COMPONENT*** . FIFT'. 260 
1 3sNU. KJC(391)+3. NC+KJC(391). KNEVEL(391). KNEACC(391)90) FIFT4270 

C FIFT'. 80 
CALL SMOOTHl50HHIP JOINT CENTRE X COMPONENT"* oFIFT4290 

1 3. NO+MJC(1+1)+3. NC. HJC(1+1). HIPVEL(i+l). HIPACC(1.1). 0) FIFT4300 
CALL SMOOTH(50HHIP JOINT CENTRE Y COMPONENT""" "FIFT4310 

I 3+N0"HJC(2+1)+39NC. HJC(2,1), HIPVEL(2+1). HIPACC(291). 0) FIFT4320 
CALL ZOMUOTHt50HHIP JOINT CENTRE Z COMPONENT*** "FIFT4330 

1 3+ND. HJC(391), 3rNCrHJC(3+1)+MIPVEL(3.1). HIPACC(3.1)r0) FIFT4340 
CALL SMOOTH(50HFORCE-PLATE DATA FX""" 9FIFT4350 

I 19ND+FHOLD(NSYNCH)91rNC. FHOLD(1). HIPMXtl)+HIPMZ(I)910) FIFT4360 
CALL SMOOTH150HFORCE-PLATE DATA FY """ 9FIFT4J70 

1 I, ND. FHOLD(NSYNCH"NFPSET)+1+NC. FHOLD(62)+HIPMXII). HIPMZ(1)910) FIFT4380 
CALL SMOOTH(50HFORCE-PLATE DATA FZ """ 9F1FT4390 

I 1+ND. FHOLDlNSYNCH+NFPSET'2). 1. NC+FHOLD(123). bIPMX(1). HIPM2lj1. FIFT4400 
2 10) FIF7441V 

CALL SMOOTHISOMFORCE-PLATE DATA MX """ 9FIFT4410 
1 1+ND. FHOLD(NSYNCH. NFPSET'3)+1+NC+FHOLD(184)+HIPMXII), HIPMZ(I)+ FIFT4430 
2 10) - FIFT4440 

CALL SMOOTH(50HFORCE-PLATE DATA MY """ . FIFT4450 
I 1rN0+FhOLD(NSYNCH"NFPSET'4)+1"NC+FHOLO(24S). HIPMX(1). HIPMZII)+ FIFT4460 
2 10) FIFT4470 

CALL SMOOTH(SOHFORCE-PLATE DATA HZ """ 'F1FT4460 
1 l+ND+FHOLD(NSYNCH+NFPSET'S)+j+NC+FHOLD1306)+HIPMX(1)+HIPMZ(1)" FIFT4490 
2 10) FIFT4500 

DO 510 I'1+NC FIFT4SIO 
HIPANXII)sATAN2((K, JC(j+I)-HJC(j+II)+(HJCl2+I1-KJC(2+I))) FIFT4520 
OELHOXII)sATAN2((AJCII; I)-KJC(liI)lilKJC12+j)-AJC12+j1)) FIFT4530 
KNEANX(I). HIPANX(I)-OELHOX(I) FIFT4540 
HIPANZII). ATAN2((KJCl3rl)-HJC(3+I))+(HJC(2+I)-KJC(2. I))) FIFT4550 
OELHOZ(I). ATAN2IIAJC(3iI)-KJC(3il))+(KJC(2+I)-AJC(2. I))) FIFT4560 
KNEANZ(I). HIPANZ(I)-OELHOZ(I) FIFT4570 
NZPRNT O FIFT4580 
WRITE(69500) FIFT4540 
ANGDEG(11"HIPANX(I)"UEGREE ` 

FIFT4600 
ANGDEG(2)aOELHOX(I)"DEGREE FIFT4b10 
ANGOEG(3) KNEANX(I)'DEGREE FIFT4620 
ANGOEG(4). HIPANZ(I)"DEGREE F1FY4630 
ANGDEG(S). OELHOZ(I)"DEGREE FIF74640 
ANGDEG(6). KNLANZIII"DEGREE FIFT4b50 
WRITE(6950G)I+(ANGDEG(IAD), IAD*1,6) FIFT4660 

500 FORMAT(IH +14,10F12.2) FIFT4670 
510 CONTINUE FIFT4680 

C F1FT4690 
C THE FOOT ANGLE IS MEASUKED WITH RESPECT TO THE HORIZONTAL. IT IS FIFT4700 
C IMPORTANT TO'NOTE THAT THE SHANK ANGLE (WITH RESPECT TO THE FIFT4710 
C VERTICAL) HAS TO BE ADDED. FIFT4720 
C FIFT4730 
C CALL SUBROUTINE REGR FOR THE FOOT IN ORDER TO PRODUCE THE SAME NUMBER FIFT4740 
C OF OUTPUT VALUES. VIFT4750 
C FIFT47b0 

DO 520 121+NF F1FT4770 
520 FOTANG(I)iATAN2((Y1A(J9I)-Y1A(K'I))'(XIA(J. I)-AIA(K. I))) FIFT47tlU 

CALL SMOOTH t50HFOOT ANGLE SAGGITAL PLANE*** F>FT479O 
j+1, ND"FOTANG(1). 1. NC. FUTANG(I). FOTVELII)oFOTACC(1). 0) FIFT41400 

DO 530 1=19NC FIFT4HIU 
FOTANG(I)'OELHOXtj)"HALFPI-FOTANG(I) F1FT4610 

530 CONTINUE FIFT405U 
C r IF Tut+4O 
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C CALCULATION OF THE TRUNK ANGLE. FIFT4bb0 

C FIFT4860 

C ANTHROPOMETRY. BM a BODY MASS. TM s THIGH MASSf SFM   SHANK AND FIFT4870 
C FOOT MASS. THE LIMB SEGMENT MASSES ARE OBTAINED IN PROPOPTION FIFT4880 
C TO BOOT MASS. FIVT4890 
C FIFT4900 

SFL*UH.. 285 FIFT4910 
TLsBH*. 530-bFL FIFT4420 
TGRAVT". 427*TL FIF74930 

S6RAVT . 467*SFL FIFT444U 
TMs. 0946'BM" FIVT49S0 

SFMs. 0S90. BM FIFT4960 
C FIFT4970 
C TK a THIGH RADIUS OF GYRATION. SFK . RADIUS OF GYRATION FOk THE FIFT49bO 
C SHANK AND FOOT. F1FT499U 
C FLFT5000 

TKs. 23*TL FIFT5010 

TINERT=TKOTK*TM FIFT5020 
SFKs. 29"SFL ' FIFT5030 
SFINER=SFK'SFK*SFM F1FTS040 

wEIGSFsSFMli9.81 FlFT5050 
WEIGY-TM09.81 FIFTbO6O 

C 
C VELOCITY AND ACCELERATION AT THE SHANK CENTRE OF GRAVITY. FIFTS080 

C FIFT5090 
DO 600 IsI. NC FIFTS100 

SVX=ANKVELt19I)-KNEVEL(1, I) FIFT5110 
SVY=ANKVELl2, I1"KNEVEL(2ºI) FIFT51Z0 

SVZ. ANKVEL(3, LJ-KNEVEL(3ºI) FIFT5130 

SAXsANKACC(IºII-KNEACCl1'I) FIFT5140 
SAY-ANKACCl2, I)-KNEACCt29I) FIFTSISQ 
SAZsANKACC(3+I)-KNEACC(3, I) FIFT5160 

SLONGs1.0/? FL FIFT5170 
SRATIO=SLONG*SGRAVT FIFT5180 
SCOSX: CO(OELHOX(I)) FIFT5190 
SCOSZsCOy(OELHOZ(I)) FIFT5200 
SbENXsSIN(OELHOX(I)) FIFT5210 
bSENZ>>IN(OELHOZ(11) FIFT5220 

XCOMSsSGMAVT* »ENX FIFT5230 
YCOMSsSGRAVT*SCO? X FIFTS240 

ZCOMSsýGRAVTöSSENZ FIFT52S0 

XCGSHA(I) KJC(1. I)"*COMS FIFT5260 
YCGSHA(I)sKJCl2, II-TCOMS FIFT5270 

ZCGSHA(I)sKJC(30II"ZCOMý FIFT`>280 

STVX. SVX*SCOSX FIFT5290 
STVYsSVY+SSENX FIFT5300 
STVZ. SVZ'SCOSZ FIFT5310 
STVYZzbVT. SSENZ FIFTS320 
:; TVINxsSTVX. STVY FIFT5330 

!; TVINZ=STVZ. STVYZ FIFT5340 

SOMEGX(I) STVINX"SLONG FIFT53S0 
SOMEGZ(I)aSTVINZ'SLUNG FIFTS3b0 
SACCXsSAX. SCOSX FIFT5370 

SACCYsSAY. SSENX FIFTS380 
YACCZsSAZ*t; COSZ FIFT5390 
SACCYZaSAYOSSENZ FIFT5400 

SACINX SACCX"SACCY FIFT5410 
SACINZ SACCZ. SACCYZ FIFTS420 
SALFAX(I) SACINX*SLONG FIFT5430 
SALFAZII)=SACINZ'$LONG FIFT5440 
SxGDO(I)sKNEACC(1, I)+SRATIO'SAX FIFT5450 
SYGDD(I)sKNEACC(291)"SRATIO! ýAY FIFTS460 

SZGDDII)sKNEACC(3rll. SPATIO'SAZ FIFTS470 
TVX=KNEVEL(I, I)-HIPVEL(1, I) FIFT5480 

TVYsKNEVEL(2+1)-HIPVEL(2sI) FIFT5490 

TVZsKNEVEL(3, I)-HIPVEL(30I) FIFTS500 

TAXsKNEACC(I"I)-HIPACCIl. ll FIFT5510 

TAY KNEACC(2+I)-HIPACC(2. I) FIFT5520 

TAZ=KNEACCl39I1"HIPACC(3, I) FIFTSS30 
TLONG: 1.0/TL FIFTSS40 

TPATIO=TLONGOTGRAVT FIFTS550 

TCOSXaCOS(HIPANX(I)) FIFTS560 
TCUSZ=CO:; (HIPANZ(I)) FIFT5570 

TbENX. SIN(HIPANX(I)) FIFTSSa0 

TSENZrýIN(HIPANZ(Z)) FIFTSS90 
XCOMTsYGRAVT. TSENX FIFT5b00 

YCOMT TGRAVT'TCO? X FIFTSb10 

ZCOMTSTGMAVT*TSENZ FIFTS620 

XCGTHItI), HJC(1, I). XCOMT FIFTSb30 

YCGTHItl)-HJC(291)-YCUMT FIFTSb4O 
ZCGTHIIII=HJC(3. I1"ZCOMT FIFT5b50 
TTVX-TVX"TCOSX FIFTSbbO 
TTVY: TVY4TSENX FIFT700 
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TTVZ=TVZ"TCOSZ 
TTVYZ=TVT'TSENZ 
TTVINX=TTHX. TTVY 
TTVINZ=TTVZ"TTVYZ 
TOMEGX(I)=TTVINX! TLONG 
TOMEGZII)=TTVINZ*TLONG 
TACCXZTAXOTCOSX 
TACCY=TAY'TSENX 
TACCZsTAL TC0ýZ 
TACCYZ=TAY*TSENZ 
TACINX TACCX"TACCY 
TACINZ TACCZ"TACCYZ 
TALFAX(I) TACINX'TLONG 
TALFAZ(I)=TACINZ`TLONG 
TXGOO(1)=HIPACC(1"I)"TRATIOOTAX 
TYGDDII)=HIPACC(2+I). TRATIO'TAY 
TZGDDII)=HIPACC13, I)! TRATIOiTAZ 

600 CONTINUE 
ANF=NF 
RHb=NHb 
RTOxNTO 
ALMS. LHS 
ALTO-00 
SA$1. /(ANF-1") 
NHy=INT(1.5.60. "(RHS-1.5)"SA) 
NTO=INTll. 5.60. '(RTO-1.5)'SA) 
LHy=INT(I. S. 60.. (ALH! ), -I. 51'bA) 
LTO INT(1.5.60. '(ALTO-1.5)! SA) 
DU 700 1=1+NC 
XPROv=(MZtI)"FXt1)*YF)/FY(I) 
ZPROV=(FZ(I)'YF-MX(I))/FY(I) 
XEbTtI)xXPROY"CX1 
ZbTt1)s1PROV"CZ1 

700 CONTINUE 
DO 710 I 1PNC 
T0T060(1)=FL0ATf1-1) 
EMNEEX(I). SFINER'SALFAX(I) 
EMNEEZ(1)"SFINERi5ALFAZII) 
EMHIPX(I)'TINERT'TALFAXfI) 
EMHIPZ(I)=TINERT! TALFAZ(1) 

710 CONTINUE 
DO 770 I=19NC 

C 
CI IS THE NUMBER OF FRAMES FOR THE STANCE PHA? £ (FORCE PLATE)- 

C 
IF (LEFS10) GOTO 730 
IF (FUL) G0T0 720 
IF (I. LE. NHS) G0T0 740 
G0T0 750 

720 IF (I. GE. NHS) GOTO 740 
G070 750 

730 IF (FUL) G0T0 734 
IF (I. GE. LHS) G0T0 740 
GOTO 750 

734 IF (I. GE. LTO) G0T0 750 

ANKLE MOMENTS. 

740 CONTINUE 
E=FYII)*IXEST(I)-AJC(1.1) 
E£=FY(I)"(ZEST1I)-AJC13, I)) 
ANKMOZ(I1*FX(I)*AJCt2, I)*E 
ANKMOXII)"FZ(I)*AJCt2, I)"EE 
TOA(I) FX(I)"(AJC(3+I)"ZESTtl))! FZ(I)! 1AJC11. I)-XEt)Tt11) 

I MY(I) 

KNEE MOMENTS. 

FxK(I)uFX(I). FM*5XGDD(I) 
FYK(IIaWEIGSF#FYtf1*bFMObYGDO(I) 
FZK(I) FZ(I)*ýFM*SZGDD(I) 
68=FZ(I)O(AJC(2oll-YCG? HA(I11 
BBBB=FY(1*(ZCGSMA(I)-AJCOrI)) 
AA=FXII)*IAJC12r1)-YCGbHA(1)) 
AAAAaFY(1) (XCGSHA(I)"AJCO+I)) 
GOT07A0 

750 E80.0 
EEa0.0 
ANKMOZ(I)a0.0 
ANKMOXII)a0.0 
TOA(11a0.0 
FXKtI)at)FM"SXGDD(I) 
FYK(jlawEtGSFýDFMýSYGDO(I) 

FIFT5660 
FIFTbh90 
FIF T57U0 
FIFT5710 
FIFTST20 
FIFT5730 
F IF T5740 
FIF T57SU 
F1FT5760 
FIFTS770 
FIFTb780 
FIFT5790 
FIFTb800 
FIFTh810 
FIFT5820 
FIFTSd30 
FIFT5840 
FIFT5850 
FIFT5860 
F1FTS870 
FIFTSdtl0 
F IFTS890 
FIFT5900 
FIFTS910 
FIFTS920 
FIFTS930 
FIFT5940 
FIFT5950 
F IF 1`5960 
FIFTS970 
F1FT5980 
FIFT5990 
FIFT6000 
FiFTb010 
FIFT6020 
FIFTbO30 
FIFTbO40 
FIFT6050 
FIFTbobO 
FIFTbOTO 
FIFTbO8O 
FIFT6090 
FIFT6100 
FIFT6110 
FIF1b120 
FIFT6130 
F1FTb140 
FIFTb150 
FIFTbIbO 
FIFT6170 
FIFTbIbO 
FIFT6190 
FIFT6200 
FIFT6210 
FIFT6220 
FIFTb230 
FIFTb240 
FIFT6250 
FIFT6260 
FIFTb270 
FIFT6280 
FIFT62YU 
FIFT6300 
F1FTb310 
FIFTbJtO 
FIFTb3JU 
FIFT6340 
F1FT6JSG 
FIFT6360 
F1FTbJ70 
F IFTb3tiO 
FIFT6390 
FIFT6400 
FIFTb. IO 
FIF Tb.. 10 
FIFT6430 
F IF Tbar0 
FIFTb4S0 
FIFT6.. bU 
FIFTb470 
F IFTb480 
FIFT64Y0 
FlFTh50U 
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FZK(I)"SFM'SZGDO(I) FIFT6510 

BB-0.0 FIFT6520 

BBBB=0.0 F IF T6530 
AA=0.0 FIFT6S40 

AAAA=0.0 FIF165S0 
760 CONTINUE FIFTb560 

A=FXK(I)'(YCGSHA(I)-KJC(2, II) FIFT6570 
AAA=FYK(I)*(KJC(1, I)-XCG5MAl1)) FlFT65d0 
KNEEMZII)=ÄNKMOZ(t)"EMNEEX(I)"A"AA. AAA. AAAA F1FT6590 

B=FZK(I)"IYCGWHA(I)-KJC(2, I)) FIFT6600 
BBH=FYK(1). (KJC(1"j)-ZCGSHAII)) FIFT6610 

KNEEMX(1)=ANKMOXII1*EMNEEZ(3)"9*138"8813.0b6B FlFTbb20 
C FIFTbb3U 

C HIP MOMENTS. FIFT6640 

C FLFT6650 
FXH(I)=FXK(I). TM*TXG00(l) FlFT6660 
FYH(I)= FYK(I). MCIGT "TM'TYGOO(I) FIFTbb70 

FZH(I)=FZK(j). TM"TZGOD(I) F1FT6b80 
C=FXH(I)"(YCGTHIII)-HJC(2s1)) FIFTbb90 
CC=FYH(II'(HJC(1, I)-XCGTHI(I)) FIFTb700 

CCC=FXK(I)*tKJC(291)-YCGTHII! Il FiFT6710 
CCCC=FYKII1"(XCGTHI(I)-KJC(1, I)) FIFT0720 

HjPMZ(I)=KNEEMZ(I)"EMHIPXcI1. C"CC"CCC. CCCC FIFTb730 
D=FZH(I)"(YCGTHI(l)-HJC(291)) F1FTb740 
DD=FYH(I)"(HJC(39I)-ZCGTHI(1)) FIFT6750 
DDD-FZK(I)"(KJC(29I)-YCGTHIII)) FIFT6760 

DODD=FYK(I)'(ZCGTH1(I)-KJC(39I11 FIFT6770 
HZPMXtI)=KNEEMXII). EMHIPZ(l)"D+DO#DD0. DDOU F1FT67P0 

C FXFTb740 

C KNEE. F1FTb400 
C FIFT6ö10 

TOKtl)=TQA(I)"FZKII)*1XCGbHAIII-KJC(1$I))"FZtI)"(AJC(191) F1FTb820 

1 -XCGSHAtI))"FXK(j1'1KJC(39I)- ZCGbHA(I)). FX(1)'IZCGSHA(I) FIFT6830 
2 -AJC(3. I)) F1FTbb40 

C FIFTb850 

C HIP. FIFT6b60 

C F1FTb870 

TQH(I)=TOK(I)"FZN(I)'(XCGTHI(I)-HJC(19j))"FZK(I)"IKJC(191) F1FTb880 

I -XCGTHI(j))"FXHII)OIHJC( "I)-ZCGTHI(1))"FXK(I)*(ZCGTHI(II FIFT6890 
2 -KJCt3sj)) 

FIFT6400 
HIPA)7X(I)=HIPANX(I)*DEGREE FIFT6910 

KNEANX(I)=KNEANX(I)iDEGREE FIFT6920 
SOMEGX(I)=SOMEGX(I)"OEGREE FIFT6930 
TOMEGX(I)=TOMEGX(I)iDEGREE F1FT6440 

FOTANGIII=FOTANG(I)iDEGREE FLFTb9SJ 
WRITE (69500) FIFT6960 

WRITE t6.500)NZPRNTrANKMOZ(I)rANKMOX(I), KNEEMZ(I19KNEEMXtI)" FIFT6970 

1 HIPMZ(j)"HIPMX(j)sTQA(I)"TOK(I), TQH(I) FIFTb980 
770 CONTINUE FIFT6990 

00 780 I=1, NC FIFT7000 
780 WRITE(69500)19FOTANG(I) FIFT7010 

CALL GRPTTT(IDENT(6), AOHANKLE. KNEE. HIP. CORONAL PLANE " F1FT7020 
1 20HTIME SEQUENCE FRAMES920M MOMENTS IN NM . bl. TOT0609 F1FT7030 

2 10MANKLE +1sANKMOXI1), FIFT7040 
3 1OHKNEE sj, KNEEMXIII. FIFT7050 

4 1OHHIP sj, MIPMX(1)s FIFT7060 

5 LHS. LTO, NHS, NT0.0.0961.00-500.0.500.0) FIFT7070 
CALL GRPTTT(IDENT(6)940HANKLE" KNEE" HIP. TRANSVERSE PLANE " FIFT7080 

I 20HTIME SEQUENCE-$RAME5.0H MOMENTS IN NM ob1. TOT0609 FIFT1090 

2 IOHANKLE 919TOA1119 
FIFT7100 

3 IOHKNEE +1sTQK(1), 
FIFT7110 

4 1OHHIP "lsTUH(l)r FIFT7120 

5 LHS"LTO, NHS. NTO. 0.0961.09-100.09100.01 FIFT7130 
CALL GRPHOT(IOENT(6)940HHIP'ANGLE X KNEE ANGLE. SAGITTAL PLANE . FIFT7140 

I 20H HIP ANGLE 920H KNEE ANGLE 9619 FIFT7150 
2 HIPANX(I)tl"KNEANX(1)sLHDsLTO9NHS"NTOs-35. "120. "-1`x. "120. ) FIFT7160 

CALL GRPHDT(IDENT(6)940H HIP ANGULAR VELOCITY* SA6ITTAL PLANE " FIFT711U 

1 20H TIME r20H HIP-VEL. DEG/SEC. sb1,70T0609 F1FT7IH0 

2 1. TOMEGX(1), LHS"LTO, NH)"NTO. 0. "bi. "-500.09500.0) FIFT714U 
CALL GRPHOT(IDENT(6)940HKNEE ANGLE X KNEE ANG-VEL. SAGITTAL PLA.. FIFT7200 

1 20M KNEE ANGLE "20HANG-VEL DEG/SEC. "bl"K%EANA(I). FIFT1210 

2 1"SOMEGX1119LHb"LTO, NH5, NTO. -20. "120.9-500.09500.01 F1FT7220 
CALL GRPHOT1XDENT(6)s40HKIVEE ANGLE A KNEE MOMENTS. SAGIT. PLANE " FIFT7230 

1 201i ANGLES/DEG. 920H MOMENTS IN NM 9619KNEANA(1). FIFT7140 

2 j9KNEEMZ(I), LHS"LT09NHS"NTO9-20.9120. "-500.9500. ) F1FT72SU 
CALL GRPHDT(I0ENT(6)"40HKNEE ANG. VELOC. - SAGITTAL PLANE " FIFT7/b0 

1 20HTIME 5E0UENCE-FRAMES, 2OHKNEE-VEL. DEG/SEC. 9bl"TOT0609 F1FTlt7U 

2 1. SOMEGX(1), LH5. LT0. NHb"NTO. 0. "61.9-500.0.500.01 FIFTIeSU 
C FIFT/e U 

CALL GkPTTTIIDENT(6)940HANKLE9 KNEE* HIP. DISPLACEMENTS . FIFT73UO 

I 20HTIME SEDUENCE-FRAMES. 20M V COO9DJNATE-METFNS9b1. T0TUb0" FiF10UU 
2 10MANKLE 939AJC(Z"l)" F1FTIJ? U 
3 10HKNEE "39KJC(291)9 ºIFT7 30 
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4 IOHHIP . 3, HJC(291). FIFT7340 
S LHýP, LTOsNH-ýb. NT0.0.0961.090.091.2) FIFT1350 

C FIFT7360 
CALL GRPTTT(IDENT(6)940HANKLE. KNEE* HIP. ANGLES-SAGITTAL PLANE 9 FIFT7370 

I 20HTIME SEQUENCE-FRAME5920H DEGREES . 61. TOT060. FIFT7360 
2 10HANKLE 919FOTANG(1). FIFT7390 
3 IOHKNEE . 1. KNEANX(1). FIFT7400 
4 IOHHIP 91. HIPANX(1)º FIFT7410 
5 LHS+LTO. NHS. NTO, O. 6.61.09-60.09140.0) F1FT7420 

C FIFT7430 
CALL GRPTTT(IDENT(6). 4OHANKLE" KNEE. HIP. SAGITTAL PLANE . FIFT7440 

1 20HTIME SEQUENCE FRAMESr2OHMOMENTS IN NM . 619TOT0609 FIFT7450 
2 10HANKLE . 1. ANKMOZ(1). FIFT7460 
3 1OHKNEE 91, KNEEMZ(1). FIFT7470 
4 10HHIP "I. HIPMZ(I). F1FT7480 
5 LHS. LTO. NHb. NT090.0961. Oi-500.09500.0) FIFT7490 

C FIFT7500 
C MANOEUVRE COMPLETE. PROCEED TO NEXT ONE (IF ANY). FIFT7510 
C -- FIFT7520 

890 IF(NEXTID. EO. 0)STOP FIFT7530 
IF(NEWMANtIDENT(2), NEXTID))GOTO 100 FIFT7544 
WRITE(6.900)IDENT(1) FIFT7550 

900 FORMAT(35H1PATIENT CONSTANTS RETAINED FROM 9A9.1H. ) FIFT7560 
WRITE(6.9I0)IOENTl21 FIFT7570 

910 FORMAT(35HOSTATIC SIDE DATA RETAINED FROM 9A9,1H. ) FIFT7580 
WRITE(6.920)IDENT(3) FIFT7SV0 

920 FORMAT(35HOSTATIC FRONT DATA RETAINED FROM . A9.1H. ) FIFT7600 
GOTO 140 FIFT7bI0 
END FIFT7o20 

SUBROUTINE ABORT(N) ABORT 10 
C AbORT 20 
C PROCESSES ERROR CALLS AND BETS ABORT FLAG IF N. EO. I OR N. EO. 2. ABORT 30 
C AbORT 40 

COMMON /ABTFLG/ ABTFL(2) ABORT 50 
LOGICAL ABTFL ABORT 60 
WRITE (6.100) AHORT 70 

100 FORMAT 136HOASORT ROUTINE CALLED WITH PARAMETER) AbORT 80 
WRITE (6.110) N AbORT y0 

110 FORMAT (1H"93SX9I3) AOORTIOD 

IF ((N. NE. I). AND. (N. NE. 2)) CALL CRASH AbORTI1O 
ABTFL(N) . TRUE. AbORT120 
RETURN ASURT130 
END AHORT140 

FUNCTION ALGAMA(A) ALGAMAIO 

C ALGAMA20 
C LOG. GAMMA FUNCTION" FROM MANOVA. ALUAMA30 
C ALGAMA40 

W-A ALGAMASO 

TEMPO. ALGAMAbO 

IF(W-13. ) 10091009120 ALGAMA70 
100 N914. -W ALGAMA80 

TEMPo1. ALGAMA90 

DO 110 I l. N ALGAM100 
TEMP. TEMP"W ALGAM110 

110 W=W. 1. ALGAM120 

TEMP ALOGITEMP) ALbAM130 
120 W2"W"W ALGAM140 

ALGAMA. (. 833333333333333E-01-(. 277777777777777E-02-. 793650793 ALuAM150 
1 E-03/r2)/W2)/W". 918938533-W. tW-. 5)"ALOG(W)-TEMP ALGAM160 

RETURN ALGAM170 
END ALGAMIBU 

SUBROUTINE AMULT(A. B. C) AMULT 10 
C AMULT10 
C C(3.1) = A(303) " B(3.1) AMULT 30 
C AMULT 40 
C B(J)"VECTOR FROM MARKER I TO KNEE(OR ANKLE) AMULT SU 
C A(IJ)-IS THE MATRIX WHICH RELATES SHANK AND GROUND SYSTEMS AMULT o0 
C C(I) IS THE VECTOR FROM MARKER 1 TO THE CENTRE OF THE JOINTS AMULT 70 
C IN THE MOUVING SYSTEM AMULT 80 
C AMULT 90 

DIMENbION A(393), B(3). C(3) AMULT100 
DO 110 Im1.3 AMULT1I0 
C(I)s0.0 AMULT1dO 
00 100 J=1.3 AMULTIJO 
C(I)cCII). AII. JI"B(J) AMULT140 

100 CONTINUE AMULT150 
110 CONTINUE AMULTIeO 
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RETURN AMULT170 

END AMULTIBO 

SUBROUTINE CALFPD(XsNSETS. IOENT*NPNT5) CALFPDID 

C CALFP020 
C CONVERTS FORCE-PLATE DATA, READ AS VOLTAGES BY IN PFPO9 INTO FORCES CALFPU30 

C OR MOMENTS IN S. I. UNITS. THE PARAMETERS COR RESPOND TO THOSE OF CALFPU40 

C INPFPD. EACH INPUT VALUE lS MULTIPLIED BY A FACTOK MADE UP AS CALFPOSO 
C FOLLOWS. CALFPU64 

CALFPD70 

C IN THE CASE OF THE FIRST FORCE-PLATE " CALFPU80 
C CALFP090 

C FOR FORCE FX1 THE FACTOR 1ý I" " 10" " 200 "H/ 512. CALFP100 

C FYI 1. " 10. " 100. "H/ 512. CALFPI10 
C FZ1 -1. " 5. " 20. "H/ 512. CALFP120 
C MX1 1" " 8. " 1006 "H" . 2b4/512. CALFP130 

C MY1 1. " S. " 20. "H" . 264/512. CALFP140 
C MZ1 "1. " B. " 100. "H" . 264/512. CALFP150 
C CALFP160 

C FOR THE SECOND FORCE-PLATE ONLY THE FIRST (SIGN) TERM DIFFERS, AND CALFP170 
C FOLLOWS THE PATTERN -1. I. 1. -l. 1" 1. READING DOWNWARDS. CALFP160 

C CALFF190 

C FOR CONTROL SUBJECTS H HAS THE VALUE 2.5. AND FOR CLINICAL CASES IT CALFP200 
C I? 1.0. CALFP210 

C CALFP220 

DIMENSION FBASIC(6)ºFACTOR(61, X(NPNT5) CALFF230 
INTEGER FP29P CALFP240 

LOGICAL QIDENT CALFP250 

DATA FiASIC(11 / 0.3906250 / CALFP260 
DATA F8Aý; IC12) / 1.9531250 / CALFP270 
DATA F, BAý1C(3) / 0.1953125 / CALFP280 

DATA FBASIC(4) / 0.4125000 / CALFP290 
DATA FHASIC(5) / 0.0515625 / CALFP300 

DATA FbAýIC(b) / 0.4125000 / CALFF310 

DATA FP2 / 3HFP2 / CALFP320 

DATA P/ 1HP / CALFP330 

C CALFP340 

DO 100 J=1.6 CALFP350 
FACTOR(J)=FBASIC(J) CALFPJ60 

100 CONTINUE CALFP370 
NFP-3 

CALFP3b0 

IF (OIDENT(IDENT93.59FP2)) NFPal CALFP390 

FACTOR(NFP)"-FACTOR(NFP) CALFF400 

FACTOR(NFP4,3) -FACTORINFP"3) CALFP410 

IF (OIDENT(IDENT$191+P)I GOTO 120 CALFP420 

DO 110 J=1+6 CALFP430 

FACTOR(J)=2.5"FACTOR(J) CALFP440 

110 CONTINUE CALFP450 
120 JFIRST=1 CALFP460 

JLAST=NSETS CALFP470 
DO 140 K=1.6 CALFP480 

00 130 J=JFIRST+JLAbT CALFP490 

X(J). X(J)"FACTOR(K) CALFF500 

130 CONTINUE CALFPS1U 

JFIRSTSJFIRST. NSETS CALFPS20 

JLASTxJLAST, NSETS CALFP53U 
140 CONTINUE CALFP540 

RETURN CALFP550 

END 
CALFP560 

SUBROUTINE CHANGE(XO, ZO, CDIX. Z, XU, ZU) C1ANGEIO 
SDssIN(CD) CPANGE20 
CO=COS(CD) CHANGE30 

xu=(X-x0)*CO"(Z-ZO)' D CMANGE40 
ZU--(X-xOl*bD"(Z-ZO)'CO CHANGESO 

RETURN ChANGEbO 

END CHANUE70 

SUBROUTINE CHECKY(YIsNSUBY19Y2sNSUBY29NF. NTARG1, NTARG2) ChCKY 10 
C ChCKY 20 

DIMENSION 1DIFF(13)"YIINýoUöY1. NF), Y2(NblUBY29NF) ChCKY 30 

DATA IBLANK / 1H / ChCKY rU 
C ChCKY 50 

WRITE (6+100) (IBLANKPJ. J`NTARGIONTARG2) CMCKY 60 

100 FORMAT (6HIFRAME, A1.5(1JH "" TARGET . Il93H ".. A1,3A)) C, CKY 70 

WRITE (b9110) (IbLANK, J-NTANGI. NTARG2) CICKY so 

110 FORMAT (5H NO.. 5(A1921H Ti Y2 RIFF )) ChCKY 90 

DO ISO J=I. NF C«CKYIOu 
IF (MOD(J, S). EU. 1) WRITE(69120) ChCKYIIU 

120 FORMAT (IH ) CrCKY11U 
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D0 130 K-NTARGI. NTARG2 CMCKY130 
IDIFF(K)=NEAPbT(1000.0*(Y2(K. J)-Y1(K*J))) CHCKY140 

130 CONTINUE CMCKYISO 
WRITE (69140) J. (YI(K, J)9Y21K. J), I01FF(K). K*NTARGI. NTARG2) CMCKYlb0 

140 FORMAT (IM sI495(F8.39F7.3sI6.1X)) CHCKY170 
150 CONTINUE CHCKY180 

C IF (NsUBYI. E0.11) CALL CRASH CHCKY190 
RETURN CHCKY200 
END CMCKY210 

SUMROUTINE FMAT(I, T) FMAT 10 
DIMENSION T(393) FMAT 20 
COMMON /BLOCK2/ AJC(39125), KJC13s125)sSXL(3) FMAT 30 
REAL KJC FMAT 40 
VKMX=KJC(1+I)-AJC(1.1) FMAT SO 
VKMY. KJC(2. I)-AJC(29I) FMAT 60 
VKMZ=KJCl39I)-AJC(391) FMAT 70 
VLKX SXL(1) FMAT 80 
VLKYs5XL(2) FMAT 90 
VLKZsýXL(3) FMAT 100 
ý--(VKMX*VLKX. VKMY*VLKY. VKML*VLKZ)/(VKMX*VKMX"VKMY*VKMY. VKMZOV KMZ)FMAT 110 

CLI="VLKx. a*VKMX FMAT 120 
CM1s"VLKY. S+VKMY FMAT 130 

CN1=. VLKZ. S+VKMZ FMAT 140 
CL=týORT(CL1*CL1+CM1*CM1"CN1'CN1) FMAT 150 
T(1r1)-CL1/CL FMAT 160 
T(192)=CM1/CL FMAT 170 
T1193)-CN1/CL FMAT 180 
CM=SORT(VKMX"VKMX. VKMY'VKMY"VKMZOVKMZ) FMAT 190 

T(291)aVKMX/CM FMAT Z00 
T(292)=VKMY/CM FMAT 210 
T(2,3)=VKMZ/CM FMAT 220 
T(3.1). 7(1.2)'T(293)-T(193)'T(2r2) FMAT 230 
7(3.2) T(1+3)4T(291)-T(lr1)&T(2+31 FMAT 240 
T(3.3)=T(191)IT(2,2)-T(1,2)! T(2.1) FMAT 250 
RETURN FMAT 260 
END FMAT 270 

FUNCTION FPROB (F�NUIsNUZ) 

PROBABILITY FOR A GIVEN VARIANCE RATIO" ADAPTED FROM MANUVA. 
D. G. PEA000Ks THE SCHOOC OF PHARMACY, 10. NOVEMBER 1970. 

INPUT PARAMETERS - 
F= RATIO OF VARIANCE. MUST BE . GT. 1. " 
NU1 = DEGREES OF FREEDOM FOR NUMERATOR (LARGER) VARIANCE. AND 
NU2 = DEGREES OF FREEDOM FOR DENOMINATOR (SMALLER) VARIANCE. 

OUTPUT VALUE - CORRESPONDING PROBAdILITY" OF 50 LARGE A VALUE OF 
F ARISING BY CHARCC SELECTION FROM A COMMON POPULATION. 

SUBROUTINE USED - ALGAMA. 

USABLE WITH FUNCTION VALUE. 

EXAMPLE - FPROB (29.50,39 3) " 0.0100 

IF (NU1. LT. 0) GOTO 
A-0.5"FLUAT(NUl) 
8=0.5"FLOAT(NU2) 
TEMP68#A"F 
X=A'F/TEAP 
IF(F GT. 0. AND. 
FPROB   1.0 
GO TO 150 

100 XC=8/TEMP 
AB=A. 8 
CON=0. 
bGN="1. 

160 

ST. 0. ) GO TO 100 

IF(F-1. ) 1109120.120 
110 TEMP-A 

A-H 
ß=TEMP 
TEMP-XC 
XCix 
X-TEMP 
CON 1. 
! ýGNz-1. 

120 TOP=AB 
HOT=R"1. 
SUMa1. 

FNRO. 3 10 
FPROB 20 
FPROB 30 
FPRO6 40 
FPROB 50 
FPROB 60 
FPROd 70 
FPROB 80 
FPWOd 90 
FNROH100 
FPROd110 
FPRO3120 
FPR06130 
FPROB140 
FPPOHISO 
FPROd160 
FPRUH170 
FPRUHIBO 
FPR08190 
FPk0Hl00 
FPRUB210 
FPRUB220 
FPROH230 
FPROH240 
FPR0dd50 
FPROH260 
FPRUH170 
FPR0t b0 
FPR0d290 
FPdOHJUO 
FPW08310 
FP. t0d320 
FPR0t 33U 
1 PRUH340 
f PR0t 350 
FPOOU6360 
FPR0d370 
FPk0d3ö0 
1vK0 340 
FPR06400 
F"PPUd410 
FPkOb420 
FVROH430 



TERM-1. FPkOb440 
130 TEMPsSUM FFROB450 

TERM. TERM*(TOP/B0T)' XC FPROB460 
_ SUMsSUM. TERM FVR0H470 

TOP. TOP"I. FVNOM4ö0 

BOTsBOT"1. FPROB490 
IF(. '$UM-TEMP) 140,140+130 FVkON500 

140 FPR08=AB5(CON#SGNOEXP(A'ALOG(X)*B*ALOG(XC)OALGAMA(48)-ALGAMA(A) FVROHSIO 

1 -ALGAMAtB))'SUM/d) FVROd520 
150 RETURN FVNOtl5J0 
160 F-1.000001 FVkUtl540 

FPROB=1000000. FVRON5S0 
RETURN FVkOHS60 

END FVROb570 

bURROUTINE GRPHOTfIDENTiLAdELtXLASELtYLAUELoNPNTýtAoNbU81YtY*LHtb" GMH T 10 
I ' LTO. NHS, NTD+XMIN+XMAX, YMIN. YMAX) GPHIT 20 

INTEGER XLASEL. YLABEL GIHIT 30 
INTEGEM TALAB GPHIT 40 
DIMENSION LABEL(4)rXLABEL(2)+YLABELS2). X(NPNTS), Y(N4UbJY, NPNTS) GYH3T 50 
DATA NOY /1/- GPHIT 60 
DATA YALA. / 10H NO LABEL / GNH1T 70 

WRITE 18.100) IDENT. LASEL GPHIT 80 
100 FORMAT (5A10) GPHIT 90 

WRITE (8.110) XLABEL. YLABEL GPM1T100 
110 FORMAT (2A10910X+2A301 GPH1T110 

WRITE (8.120) NPNTS. NOY GPH)T120 

120 FORMAT (2I5) GPMIT130 

WRITE (8.130) LHS, LTO, NHb. NTO GPMIT140 
130 FORMAT (415) GPM1T150 

WRITE (89140) XM1N#XMAXsYMIN, YMAX GPHIT160 

140 FORMAT (4E15.6) GFH1T170 
WRITE (891501 (X(J). J 1. NPNTS) GYHITIBO 

WRITE (8.160) TALAB GFMIT190 

150 FORMAT (5E1S. 6) GPH1T200 
160 FORMAT (1A10) GPM1T210 

WRITE (8.150) (Y(l, J), J. 1, NPNfS) GHM1T220 

RETURN GPHIT230 
END GPH1T240 

SUBROUTINE GRPTTT(IDENT. LABEL. XLABELsYLABEL. NPNTSeXtIALAB. NSUBIA, GVM3T 10 

I YAsYBLABrNsUB1B+T8rYCLAÖ. NSUBIC, YC. LHS. LTOtNHS. NTO9 GPH3T 20 
2 XMIN. XMAX, TMIN, YMAX) GVM3T 30 

INTEGER XLAREL, YLABEL GPH3T 40 
INTEGER YALAB. YSLAB, YCLA6 GPH3T 50 

DIMENSION LABEL(4). XLABEL(2), YLABEL(21. X(NPNT5). YA(NSUBIA, NPNTS) GVH3T 60 
DIMENSION YO(NSUB18. NPNTýO). YC(NtPUBIC+NPNTb, ) GVM3T 70 

DATA POY /3/ GPH3T 80 

WRITE 18.100) IDENT. LABEL GPM3T 40 
100 FORMAT (SA10) GVH3T100 

WRITE 1891101 XLASEL. YLABEL GNH3T110 

110 FORMAT (2A10910X02A10) GPH3T120 

WRITE (891201 NPNTw"NOY GPH3TI30 
120 FORMAT(2I5) 6PH3T140 

WRITE (89130) LHS+LTO, NHS. NTO GPH3T1S0 
130 FORMAT (415) GPM3TI60 

WRITE (89140) XMIN, XMAX9YMINIYMAX GVH3T170 

140 FORMAT (4E15.6) GPH3T180 
GVH3T190 150 FORMAT 15E15.6) 

WRITE (8.150) (X(J), J=19NPNTb) GPM3T200 

WRITE (89160) YALAB GP43T210 
WRITE 18.150) (YA(19J), Jal. NPNTS) GVn3T22O 

WRITE (89160) YBLAB" (PM3T230 

WRITE (89150) (YB(1. J), J 1+NPNTý) GNN3T240 
WRITE (8.160) YCLAB GVH3T250 

WRITE (8.150) (YC(I. J), J"1, NPNTS) GPH3T260 

160 FORMAT (1A10) GPH3T270 
GVH3T2b0 RETURN GPM3T290 END 

SUBROUTINE INPCON(HEIGHT. AMASS9D67"D78"D869IDENT"NEXTID) INPCUNIO 
INNCON20 

READS FROM A LINE OF AN UPDATE COMPILE Fitt. AS DATA STREAM S. FIVE INPCON30 

REAL VARIABLES CNARACTERI? TIC OF THE PATIENT WITH MARKERS INPCON40 

AFFIXED. IN 5F10.3 FORMAT. PLUS THE DECK IDENTIFIER FRON COLUMNS INPCON50 

74 TO b2 IN A9 FORMAT. THE FIVE VALUES ARE - INPCUNbO 
INPCUN70 

HEIGHT - IN METRES. INPCUNHO 

AMASS - MASS IN KG.. INPLUN9u 

067 -1 DISTANCES IN METRES BETWEEN MARKERS UN THE PELVIS. INNCUIOO 
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C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

D78 -) RESPECTIVELY 6 AND 8 OVER THE RIGHT AND LEFT INPCU1IO 
D86 -) SUPERIOR ANTERIOR ILIAC SPINES. AND 7 OVER THL INPC0120 

SACRUM. INPCO130 
1NPCO140 

IDENT CONTAINS THE DECK NAME FROM WHICH DATA ARE READ. LEADING INPCO150 
BLANK. OR TRAILING, LINES ARE SKIPPED, AND READING STOPS WHEN THE INPCU160 
FIRST LINE OF THE FOLLOWrNG DECK IS READ. THE IDENTIFIER OF INPCOL70 
THAT DECK IS RETURNED AS NEATID. IF END-OF-FILE IS READ. NEXTID INPCU180 
IS RETURNED AS ZERO. INPCO190 

INPCO20D 
CORRECTION IDENTIFIERS Of WHICH THE FIRCT FIVE CHARACTERS ARE CCOWR INPCO2IO 

ARE IGNORED AFTER THE FIRST LINE. THE FIRST LINE ITSELF (WHICH 1NPCU220 
WILL NORMALLY BE BLANK) MUST BEAR THE TRUE DECKNAME AS INPCU230 
IDENTIFIER. INPCU240 

INPCO250 
ON ERROR HEIGHT IS RETURNED NEGATIVE. INPCO260 

INPCU270 

DIMENSION VALS(S) INPCO280 
INTEGER CCORR 1NPCU[40 
LOGICAL OIOENT INPCO300 
DATA CCOkR / SHCCORR / INPCO310 
DATA IBLANK / 10H / INPCO320 

INPCO330 
IDENT: O INPCO340 
HEIGHT=-I. INPCO350 

100 READ (59110) L+VALS. IDLOC INPCO360 
110 FORMAT (A109T1+SF10.3. T74, A9) INPCO370 

IF'(EOF(51. NE. 0. ) GUTO 130 INPC0380 
IF (IDENT. E0.0) IDENT"IDLOC INPCU390 
IF (IDENT. EO. IDLOC) GOT0 120 INPCO400 
IF (. NOT. OIDENT(IOLOC+1, S, 000RR)/ GOTO 140 INPCO410 

120 IF (HEIGHT. GT. 0. ) GOT0 100 INPCO420 
IF (L. EO. IBLANK) GOTO 100 INPCO430 
HEIGHT"VALS(1) INPCD440 
AMASS VALS(2) INPCO450 
D67sVALS(3) 1NPCO460 
D78=VALS(4) INPCO470 

D86 VALS; (S) 1NPCU. 80 
GOTO 100 INPCO490 

130 IDLOC=0 INPCU500 
140 NEXTID=IDLOC INPCU510 

RETURN INPCO520 
END INPCOS30 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

SUBROUTINE INPFPD(X"NDETSºIDENT"NEXTID"AMASS. EVNTPT) INPFPDIO 
I NPFF'O20 

READS PAW FORCE-PLATE DATA FROM UPDATE COMPILE FILE* READING AT EACH INPFPO30 
CALL ONE COMPLETE DECK COMPkISING SIX BLOCKS EACH OF NSETS INPFPD40 
VALUES. AND STORING IN ARRAY X(NSETS96). DATA ARE READ IN THE INPFPD50 
FORMAT 4(15.2X)" WITH BLOCKS TERMINATED BY AN INCOMPLETE OR A INPFPDbO 
BLANK LINE. NSETS IS TAKEN'FRON THE LENGTH OF THE FIRST BLOCK. INPFPD70 
AND THE SUBSEQUENT FIVE BLOCKb ARE CHECKED TO SEE THAT THEY HAVE INPFPDBO 
THE SAME LENGTH. ON ERROR, READING STOPS AND NSETS IS RETURNED INPFP090 
NEGAYIVE. INPFPIO0 

INPFP110 
THE DECK NAME FRON WHICH DATA ARE READ lb OBTAINED FROM COLUMNS INPFPI2O 
74 TO 82 OF THE COMPILE FILE* AND IS RETURNED IN A9 FORMAT AS INPFP130 
IDENT. READING CONTINUES TO THE FIRST LINE OF THE FOLLOWING INPFP140 
DECK (SKIPPING LINES ON ERROR)s AND THAT DECK-NAME 15 RETURNED INPFP150 
AS NEXIID. IF END-OF-FILE I? READS NEXTID IS SET Tb ZERO. INiPFPIbO 

INPFPI70 
CORRECTION IDENTIFIERS OF WHICH THE FIRST FIVE CHARACTERS ARE FCORR INPFPIBO 

ARE IGNORED AFTER THE FIRST LINE READ. THE FIRST LINE ITSELF INPFP190 
(WHICH WILL NORMALLY BE BLANK) MUST BEAR THE TRUE DECKNAME AS INPFP200 
IDENTIFIER. INPFP210 

INPFP220 
IF THE ERROR FLAG IS NOT SET. CALFPD IS CALLED TO CONVERT THE RAW I14PFP230 

DATA TO S. I. UNITS" AND OEVENT TO LOCATE TOE-OFF OR HEEL-STRIKE INPFP240 
FOR SYNCIiRONI2ATIÖN. PATIENTS MASS MUST BE SUPPLIED AS AMA ». INPFP250 
EVENT POINTER IS RETURNED AS EVNTPT. INPFP2bO 

INPFP270 
DIMENSION X(3000)"LINE(4)"LNCH(4) INPFP260 
INTEGER FCORR INPFP290 
LOGICAL UIDENT INPFP300 
DATA FCORR / SHFCOkR / INPFP310 
DATA IBLANK / 7H / INPFP320 

INPFP330 
NXREAD-0 l. PFP3%0 
NSLOC=0 INVFPJ5J 

NI3LOCK90 INPFN3b0 
NLAST8-0 INPFP370 
IDLOC=0 INPFP3NO 
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100 READ (5,110) LNCH"LINEsIDCHEK INPFP390 
110 FORMAT (4A79T194(IS. 2X)+T74, A9) INPFP400 

IF (EOF(5). NE. O) GOT0 190 INPFP41u 
IF (IDLOC. NE. 0) GOT0 120 INPFP420 
IDLOC=IDCMEK INPFP430 

120 IF (IDLOC. EO. IDCHEK) GOTO 125 INPFP440 
IF (. NOT. OIDENT(IDCHEKr1959FCORR)) GOTO 200 1NPFP450 

125 DO 130 J-1.4 INPFP460 
IF (LNCHLS-J). NE. IBLANK) GU10 140 INPFP470 

130 CONTINUE INPFP480 
IF (NXREAD. EO. NLASTB) GOTO 100 1NPFP490 

GOTO 1bO INPFPSOO 
140 JVALS 5-J INPFP510 

DO 150 J-1+JVALS INPFP520 
NXREAD=NXREAD"1 INPFPS30 
X(NXREAD) FLOAT(LINE(J)) INPFPS40 

150 CONTINUE INPFPS5O 
IF (JVALS. EO. 4) GOTO 100 INPFPS60 

160 NBLOCK=R LOCK. 1 INPFPS7O 
IF (NHLOCK. NE. 1) GOTO 170 INPFRSBO 
NSLOC=NXREAD INPFP590 
NCASTH=NXREAD INPFF600 
GOT0 100 INPFP610 

170 IF (NBLOCK. GT. 6) GOTO 220 INPFP620 
IF (NXREAD. NE. (NLASTB"NSIOC)) GOTO 220 INPFP63O 
NLASTH=NXREAD INPFP640 
GOT0 100 INPFP650 

180 NSLOC-NbLOC INPFP660 
EVNTPT90: INPFP670 
GOTO 210 INPFP660 

190 IDCHEK-O INPFP690 
200 IF (NBLOCK. E0.6) GOTO 210 INPFP700 

IF (NBLOCK. NE. 5) GOTO 180 INPFP710 
IF (NXREAD. NE. (NLASTU. NSLOCI) GOTO 180 INPFP720 

210 NbETS=NSLOC INPFP730 
IDENTsIDLOC INPFP740 
NEXTID-IDCHEK INPFP7SO 
IF (NSETS. LE. O) RETURN INPFP760 
NPNT5z6"NSETS INPFP770 
CALL CALOPD(><. NSETS. IOENT+NPNTS) INPFP780 
CALL OEVENT(X. NSETy, IDENT+AMA5S, EVNTPT) INPFP790 
RETURN INPFP800 

220 NbLOC--NSLOC INPFP810 
230 ReAD (5.240) IOCMEK INPFPb2O 
240 FORMAT (T749A9) INPFP830 

IF (EOF(5). E0.0. ) GOTO 250 INPFP84D 
IDCHEKZO INPFP850 

2S0 IF (IOCHEK. E0. IOLOC) GOTO 230 INPFP860 
GOTO 210 V INPFP870 
END INPFP880 

SUBROUTINE iNPKIN(X. Y, N, IDENT. NEXTID) INPKINIO 
C INPKIN20 
C READS X AND Y CO-ORDINATES COMPRISING KINETIC DATA, FROM UPDATE INPKIN30 
C COMPILE FILE. DATA ARE REÄD'IN SEQUENCE X(1), Ytl), X(2), Y(2)v INPKIN40 
C . X(N), Y(N). X AND Y DATA ARE ON STREAM 5 IN FORMAT INPKINSO 
C J(I5, ZX9I5. IX) WHERE O. LE. J. LE. 6. DECK NAME IS READ FROM COLS. INPKINbO 

C 74 TO 82 AND I? RETURNED IN A9 FORMAT A» IDENT. READING STOPS 1NPKIN70 
C WHEN A NEW DECK IDENTIFIER IS FOUND AND THIS IS RETURNED AS INPKIN80 
C NEXTID. N CONTAINS NUMBER OF PAIRS READ. ' TO AVOID LOSS OF INPKIN90 
C DATA AND OTHER PROBLEM THE FIRST TMO LINES OF EACH DECK SHOULD INPKI100 

C BE BLANK. IF END-OF-FILE 1S READ NEXTID IS SET TO ZERO. INPKII10 
C INPKII20 
C TO PROVIDE HORIZONTAL CO-ORDINATES OF A COMMON ORDER OF MAGNITUDE* INPKI130 
C DESPITE VARIATION IN THE WAY THE REFERENCE GRID HAS BEEN USED* INPKI140 
C THEE CO-ORDINATES ARE MODIFIED. AN OFFSET XDIFF" CONSTANT FOR INPKI150 
C A GIVEN DECK AND EASED ON PATIENT P1 DATA. IS ADDED TO THE THREE INPKI160 
C REFERENCE VALUES FOR EACH FRAME. 1NPKII70 
C 1NPKIlbO 

C FOR THREE SPECIAL DECKS FOR WHICH THE REFERENCE GRID TREATMENT WAS INPK1190 
C GROS LY ATYPICAL. MEAN Pl VALUES ARE INSERTED WITH ADJUSTMENT 1NPK1200 
C ONLY FOR TRANSLATORY DISPLACEMENT OF EACH FRAME. 1NPKI 10 
C INPK1220 
C T FIVE CHARACTERS ARE KCORR CORRECTION IDENTIFIERS OF WHICH THE FIR INPKI230 
C S ARE IGNORED AFTER THE FIRST LINE. THE FIRST LINE IYSELF IMHICM 1NPK1240 
C WILL NORMALLY BE BLANK) MUST BEAR THE TRUE DECKNAME AS INPK11SO 

C IDENTIFIER. INPK1260 
C INPKI270 

DIMENSION LINE(12), LNCH(6). PIX(393). PIXBAR(3)"P1Y(393), SPECID(3) 1NPKI280 
DIMENSION X41380), Y(1380) INPKILNO 
INTEGER UCAM(3) INPKIJ00 
LOGICAL FIRST. OIDENT INPKI310 
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DATA IBLANK / 6H / INPKI320 

DATA KCOkR / SHKCORR / INPKI330 

DATA P1X(1.1) / . 4588. /1 P1Y(1,1) / "5960. / INPKI340 
DATA P1X(2,1) / . 4588. /r P1Y(2.1) / . 3290.1 / INPK13SO 
DATA P1X(3.1) / "5701. /r PIY(3º1) / . 3289.7 / 1NPKI3bO 
DATA PZX1192) / . 4776.3 /" P1Y1192) / . 5935. / INPKI370 
DATA PIX(2.2) / . 4781.7 /. PIY(292) / "2847.5 / INPK1380 
DATA Pl1(3.2) / 05600. /I PIY(392) / "2845.8 / INPK1390 

DATA P1X(1.3) / . 4064.5 /" P11(1,3) / . 6145. / 1NPA1400 
DATA P1X(2,3) / +4031.5 /i PIY(2t3) / "3279.2 / INPKI410 
DATA P1113.31 / "4720. /. P1Y13.3) / "3272.6 / 1NPK1420 

DATA PLXBARII) / "4588. / 1NPKI430 
DATA PIXBAR(2) / "4779.0 / INPKI440 

DATA PIXBAR(3) / "4046.0 / INPKI450 

DATA OCAM(I) / 3HKLI / INPKI460 

DATA QCAM(2) / 3HKR2 / INPK1470 
DATA OCAM(3) / 3MKF3 / INPKI480 

DATA SPECIDIl) / 9Hb1KF3FUL0 / 1NPn1490 
DATA SPECID(2) / 9HS3KL1FUL0 / INPKI500 
DATA SPECIO(3) / 9H53KL1BOT0 / INPKI510 

C 1NPK1520 
NLOCzO INPKI530 
FIRýTs. TkUE. INPKI540 
IDENT-0 INPKISSO 

C INPKI560 
100 READ (5.110) LNCHºLINEºIjXTLOC INPKI570 
110 FORMAT (6(6X9A6)ºT1.12(1S. 1X)+1X, A9) INPKISBO 

IF (EOF(S). NE. D. ) GOTO 150 INPK1590 

IF (. NOT. FIRbT) GOTO 120 INPKI600 
FIRST.. FALSE. INPKI610 
IDLOCsNXTLOC INPKI620 
IDENT-NXTLOC INPKI630 

120 IF (NXTLOC. EO. IDLOC) GOTO 130 INPKI640 
IF (. NOT. 0IDENT(NXTLOC1195. KCORR)) GOTO 160 INPKI650 

130 00 140 Ks196 INPKI66O 

IF (LNCM(K). EO. IBLANK) GOTO 100 INPA1670 
NLOC=NLOC. 1 INPKI680 
X(NLOC)=FLOAT(LINE12'K-l)) 1NPKIb9O 
Y(NLOC)=FLOAT(LINE(2'K)) INPKIT00 

140 CONTINUE INPKI710 
GOTO 100 1NPK1720 

C INPK1730 
150 NXTLOC=O INPKJ740 
160 NEXTIOsNATLOC INPKI750 

N-NLOC INPKI760 
00 170 J=1.3 INPKIT70 
IF (. NOT. OIDENT(IDLOCº3.5+4CAM(J))) GOTO 170 INPK17bO 

KCAM J INPK1790 
GOTO 180 INPKI800 

170 CONTINUE INPKI8I0 

CALL ABORT INPKI$20 
180 NhTEPs11.2'(KCAM/3) INPK1830 

DO 190 Js193 INPX1840 
IF (OIDENT(IDLOC, 1.91bPECID(J))) GOTO 240 INNK1b50 

190 CONTINUE IIYPKI860 
XbUMsO. 1NPK1870 

NX"0 INPKI880 
00 210 Js19NLOC9N5TEP INPKI8SO 
DO ZOO K I92 INPKI900 
JPKLI"J"K-1 INPK1910 

Xb, UMsXSUM. X(JPKLI) INPK19ZO 
200 CONTINUE INPK1930 

NX=NX"2 INPKI940 
210 CONTINUE INPKI950 

XBAR. XSUM/FLOAT(NX) INPK1960 

XBARK: PlXBAR(KCAM) INPKI970 
IF (KCAM. NE. 1) GOTO 214 INPK1980 

IF (OIOENT(IOLOC9191.1HS)) GOTO 214 INPKI990 

IF (OIUENTIIDLOCº1r2+2HP6)) GOTO 214 INPK1000 
XBAPK=5546.0 INPK1(10 

214 XOIFF=XBARK-XBAR INPKIO20 

DO 230 J=1ºNLDC, NSTEP INPK1030 
DO 220 K8193 INPK1040 
JPKL1 J"K-1 INPK10SO 

X(JPKLI)®X(JPKL1)"XOIFF 1NPKI060 

220 CONTINUE INPK1070 

230 CONTINUE INPKIO80 

RETURN INPK1090 
C INHKll00 

240 WRITE (6.250) IDLOC In1-K1110 

250 FORMAT (11HO " OECK . A9.34H REOUIkED b�ECIAL PROCL S(NG. "*ss) U+PK1120 
XbUMs0. IN1-K(1J0 

YbuM. O. 11vNK114J 
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NX 0 INPK11b0 
00 270 JxI. NLOC. NSTEP INPK1160 
DO 260 K 1,3 INPK111U 
JPKL1=J. K-1 INPKIINO 

XSUM*XSUM. x(JPKLII INPKl1yU 
YSUM. YSUM. Y(JPKLI) INPKI200 

260 CONTINUE INPK1210 
NX NX"3 INPKI220 

270 CONTINUE INPKl230 
XBARaXSUM/FLOAT(NX) INVKl240 
YBAR*YSUM/FLOAT(NX) INPK1250 
00 300 JsI. NLOC. NSTEP INPK12b0 
XSUMsO. 1NPK1270 

YSUM. O. 1NPK1280 
DO 280 Ks193 INPKI2VU 
JPKL1sJ. K-1 INPK13DO 
XSUMsXSUM. X(JPKL1) INPKI310 

Y, UM. YSUM. Y(JPKL1) INPKI320 

280 CONTINUE INPKI330 
XDIFF. XSUM/3. -XBAR INPKI340 
YDIFF=YSVM/3. -YEAR lNPK13S0 
00 290 K=I. 3 INPKI360 
JPKL1=J. K-1 INPKI370 
X(JPKL1)-P1X(K. KCAMI"XDIFF INPKI380 
Y(JPKLI)=PIY(K. KCAM). YOIFF INPK1390 

290 CONTINUE INPKI400 

300 CONTINUE INPKI410 
RETURN INPKI420 
END INPK1430 

SUBROUTINE INPKMK(LHb. LTO. IWHS. IRTO. NFRAME. IDENT. NEXTID) INPKMKIO 

C INPKMK20 
C READS FROM A LINE OF AN UPDATE COMPILE FILE. AS DATA STREAM 5. FIVE INPKMK30 

C INTEGERS MARKING EVENTb IN KINEMATIC DATA. IN 5110 FORMAT. PLUS INPKMK40 

C THE DECK IDENTIFIER FROM COLUMNS 74 TO b2 IN A9 FORMAT. THE INPKMKSO 
C FIVE INTEGERS ARE - 

INPKMK60 

C INPKMK70 

C LMS - FRAME NUMBERS (FIRST " 1) OF FIRST FRAME AFTER (OR INPKMKRO 

C AT) LEFT HEEL STRIKE. INPKMK90 

C LTO - THE SAME. FOR LEFT TOE-OFF. INPKMIDO 

C IRHS - THE SAME; FOR RIGHT HEEL STRIKE. INPKM110 
C IRTO - THE SAME FOR RIGHT TOE-Ofr. INPKMI2O 
C NFRAME - THE TOTAL NUMBER OF FRAMES EXPOSED IN EACH CAMERA INPKM130 
C FOR THE MANOEUVRE. INPKMI40 
C INPKMISO 
C IDENT CONTAINS THE DECK NAME FROM WHICH DATA ARE READ. LEADING INPKMI60 

C BLANK. OH TRAILING. LINES ARE SKIPPED. AND READING STOPS WHEN THE INPKMI7O 
C FIRST LINE OF THE FOLLOMING'DECK IS READ. THE IDENTIFIER OF INPKN180 

C THAT DECK IS RETURNED AS NEXTID. IF END-OF-FILE IS READ. NEXTID INPKMI90 

C Iý RETURNED A? ZERO. INPKM200 
C INPKM210 
C CORRECTION IDENTIFIERS OF WHICH THE F! RýT FIVE CHARACTER? ARE MCORR 1NPKM220 

C ARE IGNORED AFTER THE FIRST LINE. THE FIRST LINE ITSELF (WHICH INPKM230 

C WILL NORMALLY BE BLANK) MUST BEAR THE TRUE DECKNAME AS INPKM240 

C IDENTIFIER. INPKM250 
C INPKM26o 

C ON ERROR LHS 14 RETURNED NEGATIVE. INPKMl70 
C INPKM2b0 

DIMENSION LINE(7) INPKM290 
LOGICAL UIDENT INPKM300 
DATA IBLANK / 1OH / INPKM310 

DATA MCORR / SHMCORR / INPKM320 
C INPKM330 

IOENT=U INPKM340 

LH-'>2-1 INPKM350 
100 READ 159110) LINE INPKMJ8O 

110 FORMAT (A109TI%SIl09T74. A9) INPKM370 

IF (EOF(5). NE. 0. ) GOTO 130 lt%PKM380 
IF (IDENT. E0.0) IDENT=LINE(7) INPKM390 
IF (IDENT. EQ. LINE(7)) GOTU 120 INPKM400 

IF (. NOT. QIDENT(LINE(7). 1. b. MCORRII GOTO 140 INPKM410 
120 IF (LHS. GE. 01 GOTO 100 IIVPKM420 

IF (LINE(1). EO. IBLANK) GOTO 100 INPKM430 

LHS=LINE(2) INPKM440 
LTO=LINE(S) 1NPKM4S0 

IRHS-LINE(4) 1NPKM460 

IRTO: LINE(S) INPKM470 
NFRAMESLINE(6) 1NF+KM480 
(OTO 100 INNKM.. 9U 

130 LINE17)*O INPKMSOU 

140 NEXTID-LINE(7) INliPKM51U 
RETURN INPAMS20 
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END INPKMS]0 

INTEGER FUNCTION NEARST(X) NEARST10 
NEAkST? U 

RETURNS THE NEAREST INTEGER TO THE ARGUMENT X. NEANST30 
NEARST40 

NEARSTaIFIX(X"5IGN(0.5! X)) NEARST50 
NEARST60 RETURN NEAkST70 END 

LOGICAL FUNCTION NEWMAN(IDl, ID21 NEWMAN10 
NEwMAN20 

COMPARE1 THE FIRST TWO CHARACTERS (TWELVE BITS) IN TWO WORD!. AND NEWMAN30 

RETURNS THE VALUE TRUE. IF (HEY DIFFER* AND FALSE. IF THEY ARE NEWMAN40 
NLIMANSO 

THE SAME. 
NEWMAN60 

NEWMAN=(IDI. AND. MAZ)K(12)). NE. (ID2. AND. MAýK(12)l NEWMAN70 

RETURN 
NEWMAN80 
NEWMAN90 END 

SUBROUTINE NURE6R(NDSBDI. ND. YEXT"NC5BDI. NC+FUN90FUN"DDFUN. NK) NUREGk10 
DIMENSION YEXT(NOSBDI+NOI+FUN(NCSBDI+NC)+DFUN(NCSF{D1+NC)+ 

NUREGR20 

1 ODFUN(NCSNDI+NC) NURE6R30 

DIMENSION SUMCY(30)+SUMSY(30) NUREGR40 

DIMENSION A(30)+8(30). UM? OR(31) NUREGRSO 

REAL ICPEXT NUNEGR60 

COMMON /SMOOTH/ A+B+C, COVERT, GRAD. GROEXT+ICPEXT+STEP+SUMSOR. YM. YO NUREGk70 

DATA T*/0.020000000 / NUNEGR80 

DATA TWOPI / 6.283185307 / NUREGk90 

N=ND-1 NUHEG1Q0 
RINTsFLOAT(N) NUREG110 
NAN(ND-3)/2 

NUREG10 

IF (NA. GT. 30) NA=30 NUREGI30 
NUkLG140 IF (NA. GT. (NK. NK))NA=NK+NK 

C. TWOPI/RINT NUREGISO 

COVERTsC%T NUREG160 
NUREGI70 STEP. (TEXT(1+ND)-YEXTII+1)) 

GRAD. STEP/RINT NUWEG1ö0 

YO. YEXTlls1)-GRAD NUREG190 
SUMYsO. NUREG200 

!; UMYSO=0. NUREG210 

DO 100 Ks1+NA NUkEG220 
NUREG230 SUMCY(K)s0. 

SUHSY(K)80. NUREG240 

100 CONTINUE NUREG25U 
NUkEG260 DO 120 I81+N 

YIsYEXT(1+I)-YOGRAD*FLOAT(I) NUNEG270 

SUMY. SUMY. YI NUREG280 

SUMYSOs5UMYSQ. YI'YI NUHEG290 
XI C4FLOAT(I-1) NURE6300 

00 110 Ksl+NA NUREG310 
NUREU320 ARG: K*XI 

SUMCY(K)sSUMCY(K), COb(ARG)*YI NUkE6330 
SUMSY(K)sbUMSY(K)+SINIARG)'TI NUHE0340 

NUNE6350 110 CONTINUE NVREu360 120 CONTINUE NURE6370 YM=bUMY/RINT NUME(+3H0 CYY. SUMYSO-SUMYoTM 
SUMSOR U CYY NVRLG390 

DO 130 Ks1. NA NUREG4U0 
A(K). SUMCY(K)*(2. /RINT) NUME6410 

glK) SUM-bY(K)s(2. /RINT) NVME0410 

CYY=CYY-Ä(K)sSUMCY(K)-B(K)04UMSY(K) NVREG430 
NUREG440 SUMSOR(K. 1)sCYY 

130 CONTINUE NUkEG450 

PCsNC-1 NUREG460 

CCZTWONI/RC NUREU470 
GRADCsGRAD*RINT/RC 

NUREG48U 

ICPEXTsrEXT(191)"YM NUEG490 

YOCYM-ICPEXT-GRADC NUREGS00 

GROEXT GkAD/T 
NUKEuSI0 

DO 150 I=1+NC NUREG52o 
NUKEGS30 

FUNI1rI1=YDCYM+GkADC*FLOAT(l) 
DFUN(1, I)-GROEXT NUkEGS40 

DDFUN(1.1)80. NUkEu550 
NukEG560 CCII=CC"FLOAT(I-1) NUkLVS70 

00 140 Ki19NK 
RK=FLOAT(K) 

NUkEG580 
NUkEtiSvO 

FREQ=RK'COVERT 
'NaSIN(RK*CCI1) NUREVb00 
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Cb-COS(RK"CCII) NURE0610 

HOLD-A(K)iCS*B(K)ºSN NUREG620 

FUN(1ºI) FUN(1ºI1+HOLO NUREG630 
DFUN(1e1)=DFUN(IºI)'FREG*(-A(K)*! >N#B(K)*Ch1 NUWE(jb40 

DDFUNIlr! )+DDFUNt]ºI)-FRFO"_FREO`HOLD NUREG650 
140 CONTINUE NUREGb60 

150 CONTINUE NUREG670 

RETURN NURE6660 

END NVREG690 

SUBROUTINE PARALA(KA"KB, NF) PARALAIO 
DIMENSION XIANTE? (109125)*YIANTEyt10r12519X1A(e9125)9 PARALA20 

1 YIA(891251rZ1AllOr125l. X(I1r1251rY(11.125)rZ(11.1251 PARALA30 

COMMON XIANTEbrYIANTES, X1A"YlA"Z1A, X"Y"Z"HX"XL"ZL PARALA40 
COMMON /TRYY2/ Y2A(10r125)"Y2(10.125). Y2FILL(380) PAWALA50 

DO 110 J=KA"KB PAkALA60 

DO 100 Ia1"NF PARALA70 

DO=XIANTES(J"l)*Z1A(Jr1) 
PAWALA80 

RE=XL'ZL PARALA90 

RM1*XIANTE, (J, I)'RE-OOIXL PAWAL100 
FA=RE-00 PARAL110 

X(J"I) RMI/FA PARAL120 

b0L: Z1A(J"I)! XtJ"I) PARAL130 
SI* OL/XL 
Z(J"1)-Z1A(J"I)-SI PARAL150 

DOOsYIANTES(Jrl)"Z(J"I) PAWAL160 
REEsHX"ZIJrI) PARAL170 

REMI-1000-REE)/ZL PARAL180 

Y(J"I)=YIANTES(J, I)-REMI PARAL190 

Y2(JrI)aY2AIJ. I)-(Y2A(J, I)-MX)*XtJ"I)/XL PARAL200 

100 CONTINUE PARAL210 

110 CONTINUE PARAL220 
E URE PARAL230 

END D 
PARAL240 

SUBROUTINE PIRILIIbS! ýX, ýlSST, FZ"XL"ZL"HXILADOJ PIRILIJO 
DIMENSION SSSX(3), SbSY(3)+»FZ(3) PIRILI20 
COMMON /BLdCKI/ -bSX(f0)"bby(10J: SFZ(IO) PIRILI30 

COMMON /LADO/ LEe$10, ISI0Is, JSIDE, LSIOE. J8I0E. L0IDE PIRILI40 

LOGICAL LEFSIO PIRIL150 
DO 1 I 1'3 PIRIL160 

J=IýIDE"1 FIRIL170 

DA=sssx(I)"SSFZ(I) P1RIL180 
RE=XL4ZL '' PIRIL190 
RN! SSXtU)"RE-DA"XL P1RIL100 

FAsRE-OA PIRIL110 
bSz(J) RMI/FA PIRIL120 

b0L. SSFZ(I)'S»X(J) PIRIL130 
SIvhOL/XL PIRIL140 
SFZ(J) SFZ(I)-SI PIRIL150 
DOA SSSY(I)"SFZ(J) PIRIL160 

REE=HX"SFZ(J) PIRIL170 

REMIs(00A-REE)/ZL PIRIL180 

SSY(J)ýSS* (I)-REMI PIRIL190 

CONTINUE PIRIL200 
NIRIL210 URE EN PIRIL220 END 

SUBROUTINE POROLO(X, Y, Z, As8. C9ZL, XLsHX) POHOLOIO 
X (A*XL*ZL-A'C'XL)/(XL'ZL-C*A) PUHOL020 
Z C-C'X%XL POPoLO30 

Tso-(A*Z-HX*Z)/ZL PORUL040 
POROL050 RETURN 

ENO 
PUROL060 

SUBROUTINE OEVENT(X. NSETý"IDENT. AMASSsEVNTPT) OEVENTIO 
WEVENT20 

PROCESSES FORCE PLATE DATA' AFTER READING BY INPFPD AND CONVERSION TO ULVENT30 
S. f. UNITS BY CALFPO. DATA ARE SEAkCHED FROM THE ZERO-LOAD END OEVENT40 

LIMIT AT HEEL-STRIKE OR TOE-OFF. LOCATION lb TO LOCATE IT ULVENT50 
S RETURNED, AS SUBSCRIPT OF X'COINCIDING WITH EVENTS IN EVNTPT. UEVENT60 

THIS HAS TYPE REAL AND THUS INCLUDES A FRACTIONAL PART. OLVENT70 
UEVENTHO 

MEAN VALUE OF ZERO-LOAD REGION lb THEN CALCULATED AND VALUES ARE OLVF. NTQU 

ADJUSTED TO THIS ZEKO DATUM. THE ADJUSTED DATA APE RELOCATED TO UtVEN1OV 
FILL'THE WHOLE ARRAY OF 500 BY 6 WORDS. SUPPLYING ZERO FILL AT UEVENI10 

THE END WITH NO FOOT CONTACT. ULVFNI2U 
ukvENl30 

DIMENSION FHOLD1500.6). LAbELl2)+X(NSETS. b) ULVEN140 
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LOGICAL BACKWD. OIDENT ULVENISO 
COMMON /FHLDBK/ FHOLO d£VENIb0 
DATA LABEL(1) / 8H FORWARD / UEVEN170 
DATA LABEL(2) / SHBACKWARD / OLVEN1sO 

C ULVEN190 

BACKPO-UIDENT(IDENT. 3+8.6HFPIFUL). OR. OZDENTI2DENT. 3.8r6HFP2HDT) OEVENZ00 
CRITe5.0"AMASS -- UEVEN210 
NSTPL1tNýETS. l UEVEN220 

JJ=1 OLVEN230 
IF(BACKWD) JJ=NSTPLI-JJ QEVENZ40 
CRITL=X(JJ. 2)"0.1*CRIT ULVENZ50 
XSUM=0. - QEVFN260 

C ULVEN270 
C SEARCH (FORWARD OR BACKWARD) FOR BREAK FROM ZERO-LOAD LEVEL. ULVEN2b0 
C UEVEN290 

00 120 J=1, NSETS ULVEN30U 
JJ=J OLVEN310 
IF (RACKWD) JJ"NSTPLI-JJ UEVEN320 
XNOWIX(JJ. 2) GEVEN330 
IF (J. EQ. 1) COTO 110 ULVEN340 
IF (XNOW. GE. CRITL) GOTO 80 OEVENJ50 
IF IXLAST. GE. CRITL) GOTO 90 UEVEN360 
IF (XNOW. LE. XLAST) GOTO 100 OEVEN370 

80 XLAST=XNOW OLVEN380 
90 XLEVEL=XýUM/FLOAT(JLEVEL) UEVEN390 

JTEST=JLEVEL"7 UEVEN400 
TEST=XLEVEL"CRIT OtVEN410 
IF"((J. LT. JTEST). AND. (XNOW. LT. TEbT)) GOTO 120 QEvEN%20 
JTSTLI=J-1 OEVEN430 
GOTO 130 UEVEN440 

C OEVEN4S0 
100 IF ((JLEVEL"1). EO. J) GOTO 110 QEVEN460 

JLEVEL=JLEVEL. 1 QEVEN470 
JJ=JLEVEL UEVEN480 
IF (BACKWO) JJsNSTPL1-JJ GEVEN490 
XSUMwxSUM. X(JJ"2) QEVEN500 
GOTO 100 GEVEN510 

110 JLEVEL=J GEVENS20 
XLAST-XNOW ULVEN530 
XSUM-XSUM. XNOW UEVEN540 

120 CONTINUE GEVEN550 
GOTO 300 OEVENS60 

C OEVEN570 
C SEARCH COMPLETE. JLEVEL POINTS TO LAST ELEMENT BEFORE RISE STARTS. OEVEN580 
C XLEVEL IS MEAN VALUE UP TO AND INCLUDING THAT POINT. JTSTLI UEVEN590 
C POINTS TO LAST ELEMENT-BEFORE TEST POINT WHERE LOAD EXCEEDS GRIT OEVENbO0 
C (I. E. ABOUT HALF THE PATIENTS WEIGHT). GEVEN610 
C OLVEN620 
C TREATMENT NOW DEPENDS ON THE STEEPNESS OF THE RISE. GEVEN630 
C OEVEN640 

130 CONTINUE OLVEN650 
WRITE (6+140) JLEVEL, JTDTL1. XLEVEL GEVL14660 

140 FORMAT (IM 960X919H**" 
OEVENT CHECK -92I6, F10.494H "ý. l UEVEN670 

IF (JTSTLI-JLEVEL-1)_150,160.170 QLVEN680 
C UEVENb90 
C VERY STEEP. SET POINTER HALF WAY ACROSS GAP. OLVEN700 
C utVtN710 

150 EVNTPTsFLOATIJLEVEL)"0.5 UEVEN720 
Boo. UEVEN730 
GOTO 200 UEVEN740 

C UEVEN750 
C STEEP. SET POINTER BY HOW FAR FIRST POINT HAS JUMPED. UP TO HALFWAY . OEVEN760 
C UEVEN770 

160 JJ=JTSTLI UEVEN780 
IF (BACKwD) JJ NSTPLI-JJ OLVEN79U 
EVNTPT=FLOAT(JTSTLI)-(x(JJ. 21-XLEVEL)/(CRIT"CRIT) OEVEN800 
B=0. ULVEN810 
GOTO 200 OLVEN820 

C UEVEN830 
C GRADUAL. FIT STRAIGHT LINE THROUGH POINTS JLEVEL TO JTSTLI. AND UEVENö40 
C USE INTERCEPT WITH XLEVEL. UEVENN50 
C UEVENa6U 

170 T? UM=0. UEVEN97U 
TTSUM=0. UtVENafU 
TXSUM=0. UEVENH90 
XSUNs0. QEvEN400 
XXSUM=0. UkVEN910 
DO 180 J=JLEVEL, JTSTLI UEVEN920 
JJ=J OLVLN930 

IF (BACKLAU) JJ=NýITPL1-JJ WLVLN940 

XNUw=X(JJ+2) ULVEN95U 
TJ-FLOAT(J) UEVEN960 
TbUM-TnJM. TJ OLVEN470 
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TTDUM: M-UM. TJ'TJ UEVEN9A0 
TXSUM: TXýUM. TJ'XNOW UEVEN9v0 

XbUM-X! >UM. XNOW UEVE1000 
XXbUM. X, aUM. XNOV'XNOW OEVE1010 

180 COrvTINUE' ULVE1020 
FN=FLOAT(JTSTLI-JLEVEL"1) WEVE1030 
Bs(TXSUM"FN-TSUM*XSUM)%(TTSUMOFN-TSUM*Tb, UM) UEVE1040 
Aa (XSI}M-b*TSUM) /f N UL VE 1 050 

EVNTPT. (XLEVEL-A)/B WLVE1060 
WRITE (6,190) TSUM, TTSUM, TXSUM, XSUM, XASUM, A, B. EVNTPT uEVE1070 

190 FORMAT (28H0" 0 OEVENT BY LINEAR FIT -. SE20.1094H !" /lH0.67Xo UEVE1080 
I 3E20.10'4H UEVEI090 

C - utvE1l00 
C EVENT LOCATED. INVERT IF NECE SARY" THEN ADJUST DATUM. OEVE1110 
C QLVE1120 

200 J2 JLEVEL-1 UEVE1130 
IF (J2. LE. 0) J2i1 OLVE1140 

IF (. NOT. BACKWD) COT0 210 OEVE11S0 
EVNTPT=FLOAT(NSTPLI)-EVNTPT QEVE1160 
J1sNSTPLI-J2 ULVE117U 
J2-NJETS OEVE1IBO 
GOTO 220 Q. VE1190 

210 J1=1 UEVE1200 
220 FACTOR=1. /FLOAT(J2-J1+1) UEVE1210 

JFILL=500-NSETS OLVE1220 
DO 290 Ks1,6 UEVE1230 
KINVs7-K OEVE1240 
XSUM=0. OLVE1250 

Dd 230 J=J1, J2 U. VE12bO 
XSUM. XbUM. X(J, KINV) OEVE1270 

230 CONTINUE OEVE1280 
XDATUM=FACTOR*XSUM OEVE1290 
IF IKINV. E0.2) XDATM2aXOATUM UEVE1300 
IF (. NOT. BACKMO) 60TO 260 OLVE1310 
00 240 J=1+NbETS OLVE1320 
FHOLO(J, KINV)=X(J, KINV)-XDATUM O VE1330 

240 CONTINUE OEVE1340 
00 250 JaNSTPL19500 UEVE1350 
FHOLO(J, KINV)-0. UEVE1360 

250 CONTINUE QEVE1370 
COTO 290 OEVE1380 

260 DO 270 J=l. NSETS OLVE1390 
JINV=NbTPL1-J GEVE1400 
JJsJINY"JFILL UEVE1410 
FHOLD(JJ, KINV)sX(JINV, KINV)7XOATUM UEVE1420 

270 CONTINUE ULVE1430 
DO 280 J=19JFILL ULVE1440 
FHOLO(J, KINV)"0.0 UEVE1450 

280 CONTINUE UEVEI4b0 
290 CONTINUE UEVE1470 

IF (. NOT. BACKWO) EVNTPT EVNTPT"FLOAT(JFILL) QLVE14bO 
NýIHOLD=NSETS ULVE1440 
NýETS S00 OEVE1500 
GOT0 320 OEVE1510 

C uE. vE1520 
C SYN CHRONIZATION FAILURE ROUTINE. UEVE1530 
C UEVE1540 

300 WRITE (6.310) IDENT WEVE1550 

310 FORMAT 153HO5YNCHRONIZATION FAILURE IN OEVENT" WHILE PROCESSING " ULVE1560 
1 SHDECK sA9) ULVEIS70 

CALL ABORT(2) OEVE1580 
RETURN OtVEIb90 

C UEVE1600 
C WRI TE GRAPH PLOTTING INFORMATION TO TAPES QGVElblO 
C ULVE1620 

320 J21 OEVElb30 
IF (BACKWD) J"2 OEVElb. O 
WRITE (8030) IDENT. LABEL(J) UEVE1b50 

330 FORMAT (A9,4X, A8,29H-SEARCHING SYNCHRONIZATION ) U»VE1660 
IF (H. E0.0) GOTO 350 QEVE1b7e 
IF (BACKWD) GOTO 340 uEvEl6NU 
JI=JLEVEL UEVElbvU 
J2 JTSTL1 Utvtl700 
GOTO 360 UEVE1710 

340 Jl=NSTPLI-JTSTLI ULVE1720 
J2=NSTPLI-JLEVEL ULVE1730 
GOTO 360 UEVF1740 

350 J1=0 QEVF1750 
J2=0 U[vt1760 

360 WRITE (8,370) NSHOLO, JI, J2 ufvF1770 
370 FORMAT (JIb) JEVE17efU 

FMIN=0. Uf VI 17'40 
FMAXm0. JLVE1800 
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IF (BACKWD) GOT0380 UEVF1b10 
Jl=JF1LL"1 UEVE1H2O 

J2=500 OEVE1830 
GOTO 390 UEVEIb4O 

380 J1-1 UEVE18S0 

J2sNZHOLD GEVE1860 
390 00 400 J2J1, J2 WEVE1870 

IF (FHOLD(J. 2). GT. FMAX) FMAX"FHOLD(J. 2) UEVElbSO 
IF (FHOLD(Jr2). LT. F�IN) FMIN-FHOLDIJ92) OE. VE1890 

400 CONTINUE ULVE1900 

WRITE (894101 EVNTPT. FMIN. EVNTPT"FMAX QLVF1910 

410 FORMAT (5E15.6) QFVE1920 
IF (B. EQ. O. ) GOTO 430 OEVE1930 
A=A-XDATM2 UEVF. 194U 

IF I. NOT. BACKMD) A=A-U"FLOATIJFILL) UEVE1950 
THIN* (FM1N-A)/B GEVE1960 

TMAXs(FMAX-A)/B UtVE1970 

IF (. NOT. BACKWD) G0T0 420 WEVE1980 
TMINmFLOATIN)TPLI)-TMIN OtVE1990 

TMAX. FLOAT(N? TPL1)-TMAX 0EYE2000 

420 T1=FLOAT(J1) QLVL2010 
T2=FLOAT(J2) QEVE2020 

XLEVEL=XLEVEL-XDATM2 UEvE203u 

WRITE (89410) T1"XLEVEL+T2. XLEVEL OEVE2040 
WRITE (8.410) TMIN. FMIN: TMAX. FMAX GEVE2050 

430 WRITE (8.440) (J. J-J19J2) QEVE2060 

440 FORMAT (5(I60H. 0000E'00)) UEVE2070 
WRITE (89410) (FHOLU(J12)1JlJI. J2) OEVE2080 
RETURN OEVE2090 

END OEVE2100 

LOGICAL FUNCTION OIDENT(IDENT, ICOL19ICOL2, ICOMP) OIDENTIO 
QIDENT20 

COMPARES THE CHARACTERS ICOLI TO ICOL2 OF THE CHARACTER STRING IDENT GIDENT30 

WITH THE CORRESPONDING LEFTMOST (ICOL2-ICOLI. 11 CHARACTERS OF GIDENT40 

ICOMP. AND RETURNS THE VALUE . TRUE. IF THE SAME, . FALSE. IF OIDENT50 
DIFFERENT. OIDENT60 

UIDENT70 

FOR EXAMPLE, OIDENT(BHSHAMBLE5,29413HHAM) IS . TRUE.. OIDENT8O 
OIDENT90 

NBITS=60(ICOL2-ICOL1'1) OIDENI00 
MSK81T.. NOT. MASKt6O-NBITb) OIDEN110 
IDLOC=SHIFT(IDENT, (61IC0L2)) OIDEN120 

ICLOC SHIFT(ICOMP, NBITb) OIDEN130 
OIDENTw(IDLOC. AND. M-ýKBfT). E(J. (ICLOC. AND. MýKBIT) OIDEN140 

RETURN GIDEN150 

END OIDEN160 

SUBROUTINE REF(PX1, PX2, PX3, PZ1, PZ2, PZ3, XO. ZO. CD1 ktF 10 
232-P23-P22 - KEF 20 

X328PX3-PX2 REF 30 

AMsZ32/X32 
CLa(PX3*PZ2-PX2'PZ3)/X32 

REF 
REF 

40 
50 

XDm(PXl"AM"(PZI-CL))/(l. "AM"_AM) RtF 60 

ZO. AM"XO"CI REF 70 
CD2ATANCAM) kIF tl0 
RETURN REF 90 

END REF 100 

SUBROUTINE ROOT5(RX1, RX2, A, B, C) 
BBY2A=0.5*B/A 
DISC-(NBY2A)"'2-C/A 
IF(DIb, C. G£. 0. )GOTO I 
RX1=-IjBY2A 
RX2=I00. u 
(0104 
ROOT"SORT(DISC) 
RXls-BBYZA-ROOT 
RX2=0.0 
RETURN 
END 

SUAROUTINE SMOOTH(LABEL, NDSBD19ND, T, NCbBDI'NC. FUN, DFUN, DDFUN, NK) 

PROVIDES AN INTERFACE THROUGH WHICH THE HARMONIC ANALYST? ROUTINE 
NUREGR IS CALLED. 

DIhENS10N LABEL(5)'r(ND5801, NO), FUN(NCS3D1, NC), OFUN(NCSBD19NC)" 
1 DDFUN(PCSBD1, NC) 

KOOTS 10 
Wu0T5 2u 
K00TS 30 
WUOTS 40 
KOOTS 50 
w00TS 60 
WUOTS 70 
HUOTS 80 
POUTS 90 
KUOTS100 
IooTSilo 
WUOT51Z0 

bMOUTMJU 
bmooTMZU 
. bMOOTs3U 
bmOOTH40 
t)MUOTH50 
bMuotH60 
WMUOTM70 
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DIMENSION A130), 8130). SUMSUMI31). HOLDY(320) SM00TH80 

REAL ICPEXT SMOOTH90 
COMMON /? MOOTH/ A, 6"C, COVERT, GRAD, GRDEXT"ICPEXT, STEP. SUMSQM, YM, YO SMOOT100 

C SMOOTIID 

wR1TE 16.90) SMOOT120 

90 FORMAT IiHO) SMOOT130 

WRITE 16,100) LAbEL SMUOT140 
100 FORMAT (SZH SMOOTHING AND DIFFERENTIATION BY FOURIER REGRESSION, SMOOTI50 

1 7H - , 5AIO/1H ) SMOOT1bU 
IF (NK. EO. 0) NK NEARST(FLOAT(NO-I)/20. ) SMUOT170 

JTOP-S SMUOT180 

IF (JTOP. GT. NC) JTOP: NC SMOOT190 
IF (JTOP. GT. ND) JTOP ND 5MOOT200 

DO 150 J*1, ND SMUOT210 

HOLDY(J)aY(1, J) SMOOT220 
150 CONTINUE SM00T230 

CALL NUREGR(NDbBO19NDoY. NCb80loNC, FUN, DFUN, DOFUN9NK) SMOOT2M0 

C. WRITE (6,200) ND, NC, NK SMOOTe50 

200 FORMAT (25HONUMBER GF DATA POINTS ., 14, lOx, 10HNUMBER OF , bº00Tt60 
1 16HFITTED POINTS -I491GA925HOEGREE OF FITTED MODEL  , I`) 5MOOT27D 

C. WRITE (6.210) ICPEXT, GRDEXT"STEP 5MOOT280 
210 FORMAT C13HOINTERCEPT -", E14.5,1ZX, 18HLINEAR GRADIENT  vE14.5" SM00T290 

I 8X, 14HSTEP LENGTH 199E14.5) 5M00T300 
C. WRITE (6,220) 

220 FORMAT 149HODEGREE COSINE SINE MODULUS. 
5MOOT310 
SMOOT320 

1 53H RESIDUAL DEGREES RESIDUAL RESIDUAL, SMOOT330 

2 25H PRO8Z. MOOULUS*/ SM00T340 
3 58H NK COEFFT "- " COEFFT SUM, SMOUT350 

4 52HSOUAkES FREEDOM VARIANCE STO. OEVN , SMOOT360 
5 17H' OMEGA112) SMOOT370 

NA. (ND-4)/2 5M00T380 

IF (NA. GT. 30) NAa30 SMOOT390 

IF (NA. GT. (NK"NK))NAZNK"NK 5M00T400 

NOEGFuND-3 SMOOT410 

VARNCEsSUMSOR(1)/FLOAT(NOEGF) 
5M00T420 

STOEV=50RTIVARNCE) SMOOT430 

C. WRITE (6+230) SUMSORl11, NDEGF, VARNCE"STDEV SMOOT440 

230 FORMAT (SHO 0,45X, E1S. 5, Ib, 2E15.5) 6MOOT4S0 
00 270 J=1, NA SMOUTw6O 

F2 (SUMSOR(J)-SUMSOR(J"1))/(VARNCE"VARNCE) SMOOT470 

PR082 1. SM00T480 

IF (F2. GT. I. ) PROB2 FPROB(F2,2, NDEGF) SMUOT440 

NDEGFsNDEGF-2 SMOOTSOO 

VARNCEsSUMSORIJ+1)/FLOAT(NDEGF) SMOUT510 

STDEVxbQRT(VARNCE) SMOOTS20 
OMEGAsCOVERT"FLOAT(J) SMOOTS30 

RMODtSORT(A1J)"A(J)'8(J11B(J)) 5MOOT540 

SOMOD=OMEGA`OMEGA"RMOO SMOOTS50 

C" IF (MOD(J, SI. EO. 1) WRITE (6,240) SMOOT560 
240 FORMAT (IH ) SMOOT570 

C. WRITE (6,250) J, A(J), 8(J)"RMOD, SUMSOR(J"1)PNDEGF, VARNCE, STDEV, bMOOTS80 
C. 1 PROB2, SOMOO SMOOT590 

250 FORMAT (IH 9I4,4EI5. S, I8,2E15.5, F12.4, E13.3) SMOOT600 
C. IF*(J. EO. NK) WRITE (69260) SMOOT610 

260 FORMAT (IH"r127X, 6H""*R*') SMOUT620 

270 CONTINUE ...... SMUOTh30 

TSTEPI 0.02 SMUOT640 
TSTEP2'TSTEP1"FLOAT(ND-1)/FLOAT(NC-l) SMOOTb50 

C. WRITE (6,280) SMOUT660 
280 FORMAT11HO/47H """" INPUT "*"""" """"""`""""'""""""""" " SMQUT670 

4"/19H*'T1HE VALUE, 1 29HOUTPUT 0**40*40"""""""14*&* S4006H0 
_ 2 41H TIME ýýý VALUE VELOCITY, SMOOTh9O 

3 17H ACCELERATION) SMOOT700 
C" DO 300 Ji19JTOP ' SMOUT710 

Co TInTSTEPI"FLOAT(J-11 5M00T720 

C" T2sTSTEP2"FLOAT(J-1) 5MOOT730 

C. IFIMOO1J, 5). E0.1) WRITE (6,2401 bM00T740 

C. WRITE (6,290) T1, HOLDYIJ), T2, FUN(1, J), OFuN(1, J), DDFUN119J) -, MOOT750 

290 FORMAT (IH . F5.2, E1S. 5, F10.4.3E15.5) hMOOT7b0 
300 CONTINUE SMO07770 

WRITE (6,310) SMUUT780 

310 FORMAT (IHO/50H FRAME TIME INPUT FITTED, SMUOT7y0 

1 33H RESIDUAL RESID. //22H NO. (SECONDS) 95MOUT6U0 
2 51H VALUE VALUE DIFFERENCE . bMuOTh10 

3 I3HbTO. DEVIATION/1H 1 SNUOT810 

YOYM YQ"YM SMOOTh30 

STOEVsSURT(SUHSORINK"1)/FLOATIND-NK-NK-3)) SMOOTK4U 

RCHECK 0. 3MOUT050 
SCHECK=0. SMUOTbbU 
00 350 I=l, ND SMUOTh7U 

YCHECKsYOYM. GRAD`FLOATII) 50uI M$0 

CII=C"FLUATII-I)' 
SM0UTNYU 

TIME=O. 02*FLOAT(I-1) SMUUT400 
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DO 320 J=1. NK SMOOT410 
RJCI1=FLOAT(J)"CI1 DMOOT920 
YCHECKýYCHECK. A(J)*COS(RJCI1)"B(J)e INlRJC11) SMU0T430 

320 CONTINUE SMOOTV4U 
YDIFF=HOLDY(I)-YCHECK SM00TVb0 
RATIO=YDIFF/STDEV SMOOT960 
RCHECK. RCHECK. RATIO bMOOT970 
SCHECK=SCHECK"RATIO'RATIO 4MOOT980 
IF (AB (RATIO). GT. 2.3) SMOOT990 

IWRITE (6,330) I, TIME, HOLOY(I), YCHECK, YDIFF, RATIO SM001000 
330 FORMAT (IH "I4, F13.3, E18.5,2E16.5, F13.2) SMOOlolo 

C" IF (MOD(I, 5). EO. 0) WRITE (69330) SM0010t0 
C' IF (I. EO. ND) GOT0 350 SM001030 
co IF (MOD(1,50). EO. 0) WRITE (60401 bMO01040 
C'340 FORMAT (1H1/IHO) SM001050 

350 CONTINUE boMOOlobo 
WRITE (69360) RCHECK. bCHECK -bMO01070 

360 FORMAT (1HO, 32X, 35HýUMý OF kATIOb AND THEIR 5OUARES -92F13.2) SMOOI0B0 
RETURN SM001040 
END SMOO1loo 

SUBROUTINE TABLEI(1D, AJC, KJC, HJC, NF) TBL1 10 
C THLI 10 
C IMP ROVISED TABULATION OF JOINT CENTRE CO-ORDINATES. TNL1 30 
C TBLI 40 

REAL KJC TPL1 50 
DIMENSION AJC(3, NF), KJC(3, NF)"HJCI3, NF) TbLI 60 

C TbLI 70 
LABEL=(ID. AND. 7777 0077 0077 7777 77008) OR. THLI bO 

" 0000 5000 5000 0000 00578 THLI 90 
WRITE(6,100) TFL1 100 

100 FORMAT(IH1/1H 920X939HCARTESIAN CO-ORDINATES OF JOINT CENTRES) THLI 110 
LINEbz23 THLI 120 
00 150 J=1"NF THLI 130 
IF(J. EO. I)WRITE(6,110) TBL1 140 

110 FORMAT(31HOFRAME 0"0'""" ANKLE "*"o'0's4X THLI 150 
" 218'=""""" KNEE "4o+A. i4,4X, 21H. *4**iA HIP "_"ýýý"ý/ THLI 160 
" 5H N0.93125H Y r11 TRL1 170 

LINES=LINES"1 TbLl lb0 
IF(MOO(J, 5). NE. I)GOTO 140 THLI 190 
WRITE(6,120) TBL1 200 

120 FOPMAT(IH 9I4,2X, 3F6.4,1X, 3F8.4,1X93F8.4.1X92F8.4) TBLl 210 
LINES=LINES"1 TeLl 220 
IF(LiNES. LT. 58) GOT0 140 TBL1 230 

, WRITE(69130)LASEL - TBL1 240 
130 FORMAT(1H1. A10) TSLI 250 

WRITE(69110) TBLl 260 
WRITE(69120) TBL1 270 
LINES=6 THLl 180 

140 SHANK=bQRT((AJC(1, J)-KJC(1, J))* 2"CAJC(2, J)-KJC(2, J))* 2"(AJC(3, J)THL1 290 
1' -KJC(3, J))'. 2) TNLI 300 

THIGH=SORT((KJC(1, J)-HJC(1, J))'*2"(KJC(2"J)-HJC(2, J)1*'2"IKJC(3, J)TbLI 310 
1 -HJC(3, JI)0"2) ThL1 320 

WRITE(6,120)J, iAJC(K, J), KUlr3), (KJC(K, J), K. 1.3), (HJC1K, J), Kw1,3) ThLl 330 
1 tbHANK, THIGH TbLI 340 

150 CONTINUE TELL 350 
RETURN" THLI 360 
END THLI 370 

SUBROUTINE TMAT(I, T, X, Y, Z) TMAT 10 
DIMENSION T(3.3)rX(11,125), Y(11.125)9Z(l1,125) TMAT 20 
COMMON /BLOCK2/ AJC(3,1Z5), KJC(3,125). 5XL(3) TMAT 30 
COMMON /LADO/ LEFSID, ISIDE, JSIDE, LSIDE, JbIDE, LBIDE TMAT 40 
LOGICAL LEFSID TMAT 50 
VKMX=X((ISIDE"3), 1)-X(JBIDE"I) TMAT to 
VKMY. Y((ISIDE"3), I)-Y(JBIDE, I) TMAT 70 
VKMZ=Z((ISIDE"3), I)-Z(JBIDE, I) TMAT MO 
VLKX=X(JI3IDE, I)-X(LBIDE91) TMAT 90 
vLKY-Y(JEIDE, I1-Y(L8IDE, i) THAT 100 
VLKZ-Z(JBIDE, I)-Z(LBIDE, I) TMAT 110 
5=-(VKMX*VLKX. VKMY"VLKY. VKMZ*VLKZ)/(VKMXOVKMX. VKMT*VAMY"VKMZ*VKMZ )TMAT 120 

CLl=-VLKX-5"VKMX - TMAT 130 
CM1=-VLKT-S"VKMY TMAT 140 
CNI -VLKZ-S*VKMZ TMAT 150 
CL=SORT(CLI"CLI. CMI*CMI. CNl'CNI) TMAT 160 
T(1,1)=CL1/CL TMAT 170 
T11,2)'CM1/CL THAT 180 
T(1,3)=CN)/CL TMAT 140 
CM=bORT(VKMX*VKMX. VKMY*VKMY. VKMZ'VKMZ) THAT IOU 
T(2.1)=VKMX/CM TMAT 210 
T(2,2)-VKMY/CM TMAT e20 
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T(2+3) VKMZ/CM 
T(3v1). T(1.2)'T(2.3)-T(1.3)"T(2t2) 
T(392)=T(1+3)"T(291)-T(1.1)"T(2.3) 
T(393) T(1+1)*T(2,2)-T(192)OT(2,1) 
RETURN 
END 

TMAT 230 
TMAT ? 40 
THAT 250 
THAT ? 60 
THAT 270 
THAT 2H0 

W9ROUTINE TSTAT(T) TSTAT 10 
61MENSION T(3.3) TSTAT 20 
COMMON /6LOCK1/ t)sX(10), SSY(10)+SFZ(10) TSTAT 30 
COMMON /LADO/ LEFSIDIIýIDEIJ)IDE, LýIDE+JHIDE"LHIDE MAT 40 
LOGICAL LEFSID T4TAT 50 
VKMX. SýpX(ISIDE"3)-SbX(JSIDE) TbTAT 60 
VKMY-bbY(ISIDE"3)-SSY(JSIDE) TSTAt 70 
VKMZ=SFZ(IsIDE"3)-tiFZ(JSIDE) TSTAT 60 
VLKX »X(JýIDE)"SSX(LSIDE) TSTAT 90 
VLKYsS)Y(JSIDE)-SSY(LýIDE) T>TAT100 
VLKZ z)FZIJSIDE)-ý; FZ(LSIUE) TtbTAT110 
S=-(VKMX*VLKX*VKNY*VLKY#VKMZ*VLKZ)/(VKMX*VKMX#VKMY*VKMY*VK MZ*VKMZITbTAT120 
CLI -VLKX-S"VKMX TSTAT130 
CMIs-VLKY-S'VKMY TSTAT140 
CNls-VLKZ-S'VKMZ TSTATISO 

CNI CL-CLI*CL1. CMI'CM1. CN1* TSTATI6G 
_ CL=50RTtCL) TSTAT170 

T11+1)-CL1/CL TSTAT180 
T(1.21=CMI/CL T)TAT190 
Tllr3)=CN1/CL T47AT200 
CL2sVKMX TSTAT210 
CMZzVKMY TbTAT220 
CN2*VKMZ TSTAT230 
CM"CL2*CL2. CM2#CM2. CN2*CN2 TSTAT240 
CM=ý0RT(CM) TSTAT250 
T(2.1)=CL2/CM TSTAT260 
T(292)=CM2/CM TSTAT270 
T(293) CN2/CM TSTAT280 

TSTAT290 
THE CRO» PRODUCT TO DEFINE THE 3RD AXIS TST4T300 

TSTAT310 
T(3.1)sT(192)'T(293)-T(193)'Tt292) TSTAT320 
T(392)-T(1,3)'TI291)-T(1.1)4T(2+3) TSTAT330 
T(393)=T(1,1) T(2.2)=T(1.2)'T(Z'1) TSTAT340 
RETURN TSTAT350 
END TSTAT360 

PROGRAM CHKRD (INPUT. OUTPUT. TAPES: INPUT. TAPE6IOUTPUT) CHKRD 10 
DIMENSION 18(8). IS(8), XUXUIIO). ZUZU(10)"IIR(13). 11St13)" CHKRD 20 

1 XAXA(10)r5bbX(8). bS: )Y(8). »FZ(81 CHKRO 30 
DIMENSION XI(1320). Y1(1320): Z111560). Y2(1560) CHKRD 40 
DIMENSION IDENT(b) CHKNU SO 
INTEGER SFRAME. FFRAME CHKRD e0 
REAL IIR, II5. IR. IS"KJC. KNEVEL, KNEACC CHKRU 70 
LOGICAL LEFSID"NEWMAN. 6IDENT CHKRD tlo 
COMMON /CHECK/ NCHECKihF, FRAME. NSIDE. NFbY11. FFRAME. NFRONT. NFBY13 CHKRO 90 
DATA LA002/3HKL1/ CHKROIOO 

CHKkU1l0 
READ IN CONSTANTS FOR PATIENT. AND CALCu_LATE VECTOR LOCATING HIP- CHKRU120 

JOINT CENTRES FROM DISTANCE BETWEEN A. S. I. SPINES. CHKRD130 

CHKRU140 
100 CALL INPCON(BH"ßM. D67, D78. Db6. IDENTl11. NEXTID) CHKRDlyo 

WRITE(b, 110)IDENT(1) CHKRU160 
110 FORMAT(35H1PATIENT CONSTANTS READ FROM DECK 9A9.1H. ) CHKRD170 

CHKRO18O 
READ IN STATIC DATA FROM FILM 08SERVATIONS. CHKRD190 

CHKRU200 
CALL INPKIN (IR. IS9NCHECK. IDENT(2)9NEXTID) CHKRD210 
WRITE(69120)IDENTl2) CHKHOZto 

120 FORMATC35H STATIC SIDE DATA READ FROM DECK "A9. IH. ) CHKRU230 
IF(NCHECK. NE. B)CALL ABORT CH'RU240 
CALL INPKIN (IIR. I1S, NCHECK. IDENT(3)"NEXTID) CHKRU25o 
WRITE(6.130)IDENT(3) CPKRO260 

130 FORMAT(35H STATIC FRONT DATA READ FROM DECK . A991H. ) CMKRU270 
IF(NCHECK. NE. 13)CALL ABORT CMKRO280 

CHKRU290 
READ FRAME NUMBERS FOR EVENTS. AND FRAME COUNT. CHKR0300 

CmKk03lo 
140 CALL INPKMK(LH). LTO. NMS, NTO. NF. IDENT(4). NEXTID) CHKR0320 

wRITE(6. t50)IDENT(41 CMKkD330 
150 FORMAT(3SH FRAME NUMBERS READ FROM DECK 9A991H. ) CHKRO340 

CMIRU35V 
READ KINEMATIC DATA. -bFRAME Ia THE NUMBER OF POINTS PER FRAME IN ChKRO3bU 

SLUE VIEW. INCLUDING THE FIk4T THREE POINTS OF THE ARID. CP$11) 70 
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C FFRAHE Iý THE SAME FOR THE FRONT VIEW. FOR EACH VIEW THE ChKWD38U 

C NUMBER OF FRAMES IS CHECKED AGAINST NF. CMKR0390 
C CHKRU400 

NTlS). NEXTID) CALL INPKIN (X1. TI. NSIVE9IOE ChKR0410 
_ WRITE(69160)IOENT(S) CHKPD420 

160 FORMAT(35H DYNAMIC SIDE DATA READ FROM DECK tA9.1H. ) CHKR0430 
ýFRAMEsll CHKRO440 
IF((NF"SFRAME). NE. NbIDE)CALL ABORT CHKRO450 
CALL INPKIN(Z1. Y2. NFMONT. IDENT(6). NEXTIO) CHPRU%60 
WRITEtb"170)IDENT(6) CHKR0470 

170 FORMAT(35H DYNAMIC FRONT DATA READ FROM DECK . A9r1H. ) CHKR048U 

FFRAMEw13 CH+KRV490 
IFt(NF"FFRAME). NE. NFRONT)CALL ABORT CHKRO500 

C CHKRU510 
IFINEXTID. EO. 0)STOP CHKRUS20 
IF(NEWMAN(IDEMTl2)ºNEATID))GOTO 100 ChKkO530 

WRITE(6.900)IDENT(I) CHKRO54.0 
900 FORMAT135HOPATIENT CONSTANTS RETAINED FROM vA9, IH. ) CMKRUSSO 

*RITE(6.910)IDENTl21 C�KPD560 
910 FOPMAT135H STATIC SIDE DATA RETAINED FROM 9A991H. ) CHKRDS70 

WRITE(6. y20)IDENT(3) CHKRO580 
920 FORMAT(35H STATIC FRONT DATA kETAINED FROM 9A991H. ) CHKRUS90 

GOTO 140 CMKRU600 

END CMKR0610 

PROGRAM COMPARE(TAPE19TAPE29OUTPUT. TAPE6 OUTPUT) COMPAR10 
C COMPAR20 

C COMPARES THE TWO CODED FILES TAPE1 AND TAPE2. WRITES TO OUTPUT. COMPAk3O 
C LINE LENGTH PROCESSED Iý 80 CHARACTERS. NUMBER OF HAD LINES CUMPAk4O 
C COMPARED IS LIMITED TO )IAXHAD. SET ON LINE COMPAR90. CUMPANSO 
C CUMPAkbO 

DIMENSION L1(8)"L2(B) COMPAR70 
DATA LINCNT /0/ COMPARBO 
DATA MAXHAD / ZO / COMPARNO 

C COMPA100 
REWIND I COMPAIIO 
REWIND 2 COMPA120 

100 READ (1.110) L1 COMPA130 
110 FORMAT (8A10) CQMPA140 

READ (2.110) L2 COMPAISO 
IF (EOF(II. NE. O. ) GOT0 160 COMPA160 
IF (EOF(2). NE. 0. ) GOT0 190 CUMPA17O 
LINCNTaLINCNT"l COMPAIBO 

00 120 Ji1.8 COMPA190 
IF (LltJ). NE. L2(J)) GOT0 130 CUMPA200 

120 CONTINUE COMPA210 
GOTO 100 COMPA220 

130 WRITE (691401 LINCNT, L1, L2 COMPA230 

140 FORMAT (SHOLINE. 1499H MIJMATCH94X. 8A10/1H . 21X. 8A10) CUMPA240 
MAXBAD-MAXBAD-1 COMPA250 
IF (MAXBAD. NE. O) 60T0 100 COMPA260 
WRITE (6.150) CVMPA270 

150 FORMAT 122H000MPARISON ABANDONED. /IHO) COMPA280 
STOP COMPA290 

160 IF (EOF(2). E0.0. ) GOTO 180 COMPA300 

WRITE (6.170) LINCNT. COMPA3I0 
170 FORMAT (23H000MPARISON COMPLETE. . 15917H LINES PROCESSED. /1H0) CUMPA320 

STOP COMPA330 

180 NOIST. l COMPA340 
GOTO 200 CUMPA350 

190 ND1bT-2 COMPA360 
200 WRITE (6.210) NDIST. LINCNT CUMPA370 
210 FORMAT (24HOUNEOUAL LENGTH. FILE+I2911H ENDS AFTER. IS. CUMPA380 

" TH LINES. /IHOI COMPAJ90 

STOP CUMPA400 

END COMPA410 

SUBROUTINE Ch11TH(NAMEX, NAMEY. X. Y. N0IMI"NDIM2) CHI1TB10 
C Ch11Tb2Q 

C TAB ULATES PAIRS OF CO-ORDINATES IN THE ARRAYS X(NDIM19NUIM2) AND Cn11TH30 
C Y(N0IMI. NDIM2). THE ACTUAL VALUES OF X(J91). Y(J. 1). Ja1"NOZMI) CH1)Td40 
C ARE LISTED FIR)T+ FOLLOWED BY SCALED DIFFERENCES BETWEEN CmIlTdbt. 

C SUCCEbbIvE CORRESPONDING ELEMENTS. NOIM1 MUST BE LE. 11. CH11ThbO 
C CH11TH70 
C NAM EX. NAMEY APE LEFT-JUSTIFIED CHARACTER STRINGS IDENTIFYING THE CH11THb0 

C VAPIAbLF TABULATED. A POSSIBLE CALL MIGHT HAVE THE FORM - 0411Trl40 

C CmIlTlOO 
C CALL CH11TB(bHXX123.5HYY312. XX123. YY312.9.120) CmllTllu 

C CH11Tllu 
DIMENSION LOIFFS(2Z). X(NOIM19NDIM2). Y(NUIMI. NUIMZ) Ch11T13u 
DATA IbLANK / 4H / Cn11T1.. U 
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IF INDIM1. LE. 111 GOTO 110 
WRITE (6.1001 NOIM1 

100 FORMAT (34HOOIMENSION TOO LARGE FOR CHKTUL  . 16) 

RETURN 

110 WRITE (6.120) NAMEX. NAMEY 
120 FORMAT (IOH1ARRAY X HAS NAM. 9A7.22H AND ARRAY Y HAS NAME "A7/IH 

DO 140 J=1+NDIM1 
WRITE 16.130) J. XIJ"l)"J. Y(J. I) 

130 FORMAT (3HOX(, 1297H"1) .. E15.6.15X. 2HYt. I2.7H. 11  . E1S. 6) 
140 CONTINUE 

IF (NDIMZ. EU. 11 RETURN 
DIFMAX=0. 
DO 160 J=29NDIM2 
00 I50 K=I. NO1MI 
OIFFsABS(X(K. J)-X(K, (J-1))) 
IF (DIFF. GT. DIFMAX) OIFMAX DIFF 
DIFF. ABS(YCX, J)-Y(K. (J-1))) 
IF (DIFF. GT. DIFMAX) OIFMAX-DIFF 

150 CONTINUE 
160 CONTINUE 

AFACTR=ALOG1O(999. /DIFMAX) 
IF (AFACTR. LT. 0. ) AFACTR AFACTR-1. 
FACTOR'10. *'INT(AFACTR) , 

G 

WRITE (6.170) FACTOR 
170 FORMAT (1HO/38H DIFFERENCES ARE TABULATED IN THE FORM, IPE7.0, 

" 42H*(XIJ, N)-X(J, N-1)) IN THE FOLLOWING TABLE. /1H 
WRITE (6,180) IIBLANK, J, J, J=1, NOIM1) 

180 FORMAT (4H N 99(A4,2HOX, I194H DY, II). 2(A3,2HDX. I2. JH DY. I? 1) 
WRITE (6.200) 
LTOP. NOIM1"NDIM1 
LINEb LTOP. 9 
00 220 J=2, NDIM2 
00 190 Ku1, NDIM1 
KK-K. K 
LDIFFb(KK-1). NEAR: )T(FACTOR*(XIK. J)-XtK. (J-1)))) 
LOIFFS(KK)sNEARST(FACTOR"(T(K, J)-Y(K, (J-1)))) 

190 CONTINUE 
WRITE (6.200) J, (LDIFFy(L), L-I, LTOP) 

200 FORMAT (IH . 13.11117,15)) 
IF (MOD(J, 5). NE. 0) GOTO 220 
WRITE (6.200) 
LINES=LINES, 6 
IF (LINES. LT. 58) GOTO 220 
WRITE 16.210) 

210 FORMAT (1H1) 
WRITE (691801 (IBLANK, L, L+L+I, NDIM1) 
WRITE (60200) 
LINES*3 

220 CONTINUE 

WRITE (6.210) 
RETURN 
END 

SUBROUTINE CH13TS(NAMEX, NAMET, X, r, NDIMI*NDIM2) 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

TABULATES PAIRS OF CO-ORDINATES IN THE ARRAYS X(NDIM1+NDIN2) AND 
Y(NDIM1. NDIM2). THE ACTUÄL VALUES DF A(Jvl), Y(J, 1), J. 1, NDIMI) 
ARE LISTED FIRST" FOLLOWED BY SCALED DIFFERENCES BETWEEN 
SuCCES4IVE CORRESPONDING ELEMENTS. NDIM1 MUST BE LE. 13. 

NAMEX" NAMEY AkE LEFT-JUSTIFIED CHARACTER STRINGS IDENTIFYING THE 
VARIABLES TABULATED. ' A PU»IBLE CALL MIGHT HAVE THE FDkM - 

CALL CH13TBISHXX123r5HYY312, XX123. YY312.13.120) 

DIMENbION LD1FFS(26). X(NDIM1+NDIM2), Y1N01M1. NDIM2) 
DATA 1BLANK / 4H / 

IF (NUIMI. LE. 13) GOTO 110 
WRITE (6.100) NDIM1 

100 FORMAT (34HODIMENtioION TOO LARGE FOR CHKTBL ß916) 
RETURN 

C 
110 WRITE (6.120) NAMEX. NAMEY 
120 FORMAT (IRHIARRAY X HAb NAME +A7.22H AND ARRAY Y 

00 140 J 1. NDIMI 
WRITE (6.130) J. X(J, I)+J. Y(J, l) 

130 FORMAT (3M0X(. I2.7H, 1)  . L15.6.15A. 2HYt. 12. TM. 1 

MAb NAME "A7/IM 

". E15.6) 

CHI 11150 
CHIIT160 
CM11T17U 
Chill 180 
CMliT190 
CHI 17200 
CHI1T210 

1CH11T220 
CH11T230 
CH117240 
CH11T250 
CHI IT 260 
CHI IT270 
CH11T280 
Chi I T290 
CHIIT300 
CHIIT310 
CHIIT320 
Chi 17330 
CHIIT340 
CM! 1T350 
CM11T360 
CH11T370 
CHIIT380 
CHI 17390 
CHIIT400 
CHIIT410 
CHlIT420 
CM11T430 
CHILT440 
CHlIT450 
CH117460 
CHlIT470 
CHII7480 
CHI I T, 490 
CHI 17500 
CHI IT510 
ChI17520 
CHIIT530 
CHI IT540 
CHI ITSSO 
CM11T560 
CHIIT570 
CHI IT580 
CHIIT590 
CHIIT600 
CHlIT610 
CM11T620 
CHIIT630 
CHI1Tb40 
CHIIT650 
CH11T660 
Chi 17670 
CMIITbäO 
CHIIT6'0 
CH11T700 

cell 3T810 
CH13TR20 
CM13Td30 
CH131840 
CMI3THS0 
CMI3TH60 
CHI3Tn70 
CMI3THn0 
CH13T890 
CHI3T100 
CHI3T110 
CHI3T120 
CMI3TIJ0 
CM1371'. 0 
CHI3TIS0 
cm13r1ho 
CM13T170 
CM13T1H0 
CMI3T190 
Cm 13T700 
CM13T210 

1CM137 20 
CMl3T2J0 
Cml37I40 
CH 1311S0 
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140 CONTINUE CH13T2bU 
IF (NDIM2. EO. 1) RETURN CH13T270 
DIFMAX=O. CM)3T180 
00 160 J-29NOIM2 CH13T240 
DO 150 Kz19NOIM1 CH13T300 
DIFF. ABS(X(K. J)-X(K9(J-1))) CH13T310 
IF (DIFF. GT. DIFMAX) DIFMAX=UIFF CM13T32U 
DIFF-ABS(Y(K, J)-YIK, (J-1))) CH13TJ30 
IF (DIFF. GT. DIFMAX) DIFMAX DIFF CH13T340 

150 CONTINUE CH13T350 
160 CONTINUE Ch13T360 

AFACTR-ALOG10(999. /DIFMAX) CM13T370 
IF (AFACTR. LT. O. ) AFACTR AFACTR-1. CM13T380 
FACTOR 10. ""INT(AFACTA) CM13T390 

C CM13T400 
WRITE (69170) FACTOR CM13T410 

170 FORMAT (1H0/38H DIFFERENCES ARE TABULATED IN THE FORM, IPE7.09 Ch13T420 
42M"(X(J9N)-X(J"N-1)) IN THE FOLLOWING TABLE. /1H ) CH13T430 

WRITE 169180) IIRLANK, J, J9J. 1, N01M1) CM13T440 
180 FORMAT (4H N "9(A2.2H0*. 1194H DY. 11), 4(A192HDX, I2931l DY. I2)) Ch13T. 50 

WRITE (6.200) CH13T460 
LTOP-NDIMI. NDIM1 CH13T470 
LINES-LTOP. 9 CM13T480 
DO 220 J-29NDIM2 CH13T490 
DO 190 K-19NDIMI CH13T500 
KK=K. K CH13T510 
LDIFFS(KK-1)sNEARSTIFACTOR"IX(KsJ)-X(K, (J-1)))) CH13T520 
LDIFFSIKK). NEARST(FACTORO(4(KrJ)-Y(KofJ-1)I)) CM13T530 

190 CONTINUE CH13T540 
WRITE (692001 J. (LOIFFS(L), L. 1, LTOP) CM13T55U 

200 FORMAT (IH . I3r13(I5*15)) CH13TS60 
IF (MOD(J95). NE. 0) GOTO 220 CM13T570 
WRITE (6.200) Ch13TSb0 
LINES LINES"6 CM13T590 
IF (LINES. LT. 58) GOTO 220 CM13T600 

WRITE (6,210) CM13Tn10 
210 FORMAT (1HI) CH13T620 

WRITE (6.180) (IBLANK9L+L, Ls1. NDIM1) CM13T630 
WRITE (69200) CM13Tb40 
LINESa3 CM13T650 

220 CONTINUE CM13T660 
C CH13Tb7U 

WRITE (69210) CM13Tb60 
RETURN CH13T69U 
END CH13T70O 

PROGRAM DRVFPDIINPUT. OUTPUT, TAPES INPUT. TAPE6.0UTPUT) DNVFPDIO 
C DkVFPD20 
C DRIVES INPFPO/CALFPD/LISFPD TO PRODUCE PORCE-PLATE LISTINGS. ORVFPD30 
C DNVFPD40 

DIMENSION X11920) DRVFP050 
100 CALL INPFPDtX"NSET$, IDENT, NEXTI0) DHVFPU60 

NPNTSa6*NSETb OkVFND70 
CALL' LISFPD(X. NSETSs1DENT, NPNTS) ORVFP080 
IF (NEXTID. NE. O) GOTO 100 DRVFPD90 
STOP 0KVFN100 
END DRVFP11U 

PROGRAM DRVOVTIINPUT+OUTPUT, TAPES=1NPUT, TAPE6-0UTPUT9TAPESI 10 
20 

PULLS OFF FORCE PLATE DATA TO DRIVE OEVENT. 30 
40 

DIMENSION X(3000) 5o 
100 CALL INPFPD(X. NSMi, IDENT, NEXTID) (30 

WRITE (69144) IDEN19EVNPT 70 
144 FORMAT 13SHFORCE PLATE DATA READ FROM DECK "A9r1H. r1Ox9 80 

1 16HEVENT POINTER .. F8.2) 90 
NPNTS=6"NSETS 100 
IF (NEXTID. NE. 0) GOTO 100 110 
STOP 110 
END 130 

PROGRAM FIDDLE(TAPE59TAPEb, OUTPUTF FIDDL(10 
C F 1DOLD? 0 
C PROCEybEb SOURCE DATA FOR NON-STANDARD DECKb b3KL1FUL0 AND S]KLIHDTO. FIDDLUJO 
C THESE HAVE ONLY TEN TARGETb PER FRAME AND ARE MODIFILD dY FIDDLE, FIDf)LD. u 
C WHICH MEPEAT) THE FIRST TARGET CO-ORDINATES Tu ESTABLISH AN FIDPLLLSO 
C ELEVEN TARGET ýITWUCTURE. FIUDLib( 
C FI OflL170 
C FIDDLE READS AN UPDATE COMPILE FILE (USING INPKIN) AND okITFS FIUULUMO 
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C A NEW SOURCE FILE. FIDULD90 

C FIDDLIUO 
DIMENSION X(2000), Y(200019NX(2000), NY(2000) FIDDL110 

100 CALL INPKIN(X. Y, N, IDENT"NEXTID) FIDDL120 
110 WRITE(6,120)IDENT FIDDL13U 
120 FORMAT t6H"DECK,, A9/1M /1M º FIDDL140 

00 130 Js1, N FIDUL150 
NX(J)ENEARST(X(J)) FIDDL1bO 
NY(J)=NEARSTIY(J)) FIDOL170 

130 CONTINUE FIDOL180 
WRITE(6,140) (NX(J)"NY(J), NA(J)"NYtJI"(NA(J"K), NY(J"K). K-1.9)9 FIDOL) o 

" J-1. N. 10) FIDOL200 
140 FORMAT(12(1M", I4,1X)"1H ) FIDUL210 

IF (NEXTID. NE. 0)'GOTO 100 FIODL220 
REWIND 6 FIDOL230 
STOP FlDDL? 40 
END F1DDLZ50 

PROGRAM FPDTBL(ZNPUT"OUTPUT"TAPE8, TAPES INPUT"TAPE6 OUTPUT) FPDTNLIO 
C FPDTHL20 
C LIS TS FORCE-PLATE DATA, UNýMOOTHED BUT CONVERTED TO ABSOLUTE UNITS FPUTHL30 
C AND SYNCHRONIZED. FPOTHL40 

C FPDTBLSO 
C USE S SUBROUTINES CALFPD9INPCON"INPFPD"1NPKMK, NEARST, NEWMAN, OEVENT, FPDTBL6U 

C OIDENT FPDTRL70 
C FPOTOLBO 

DIMENSION EVNTPT(2l"fPI(3000)"FP2(30001910ENT(41, MARK(41" FPDTRL90 
I MKLARL(4). NSYNCM(2) FVDTH100 

LOGICAL FUL, NEWMAN, DIDENT FPUTBIIO 
COMMON /FHLDBK/ FP2 FPDT8120 
DATA GCONST / 9.810 / FRDT8130 

DATA IBLANK / 3H / FPDTH140 
DATA IIUL / 3HFUL / FPDT8150 

DATA MKLABL(l) / 3HLHS / FPDTBI60 

DATA MKLABL(2) / 3HLTO / FFOT8I70 
DATA MKLABL(3) / 3MRH5 / FPUT8180 
DATA MKLABL(4) / 3HRT0 / FPDT8190 

100 CALL INPCON(BH"BM, D67.078, DB69IDENT(1), NEXTID) FPDTBZOO 
WRITE (6.110) IDENT(1) FPDT8010 

110 FORMATt4OMIPATIENT CONSTANTS READ FROM DECK 9A9.1N. ) FPUT6220 
BWT=BM"GCOHST FPOT9230 

120 CALL INPFPD(FP2"NFPSET"IDENT(2)"NEXTID, BM"EVNTPTIII) FPDT8240 
WRITE (6,130) IDENT(2), EVNTPTl1) FPDTB250 

130 FORMAT (40MOFIRST FORCE-PLATE DATA READ FROM DECK 9A9,1H. "lOX9 FPDTH260 
I 16HEVENT POINTER ""F8.2) FPDTH270 

IF (NFPSET. LE. O) CALL ABORT' FPOTB280 

00 140 Js1,3000 FPDT8290 
FPl(J)sFP2(J) FPDT8300 

140 CONTINUE FPDTB310 

CALL INPFPD(FPZ"NFP5ET9IDENT(3), NEXTID"BM"EVNTPT(2)) FPDTR320 
WRITE (6.150) IDENT(3); EVNTPT12) FPOTH330 

150 FORMAT (40HOSECOND FORCE-PLATE DATA READ FROM DECK , A9, lH. "10X9 FPDTH340 

I 16HEVENT POINTER N. F8.2) FPDTH350 
IF (NFPSET. LE. 0) CALL ABORT FPDTH3b0 
CALL INPKMK(MARK(I)"MARK(2)"MARK(3). MARKt4)"NF, IDENT(4), NEATID) FPDT8370 

WRITE (6.160) IDENT(4)9MARK9NF FPOT8380 
160 FORMAT (40HOFRAME NUMBERS READ FROM DECK 9A991H., lOx, FPOT8390 

1 518) FPD78400 

FULaOIDENT(IDENT(2)v6,89IFUL) FPDTH4.10 
IF (FUL) GOTO 170 FPUTB420 
NSYNCH(l)ONEARST(EVNTPTII), 0.5)-MARK(1) FPUTb4. lO 

NSYNCH(2)-NEARST(EVNTPT(2)"0.5)-MARK(4) FPDT8440 
GOTO 180 FPUTt1450 

170 NSYt)CH(1)LNEARSTIEVNTPT(1)40.51-MARK(2) FPUTU460 

NSYNCHI2). NEARST(EVNTPT(2)"0.5)-MARK(3) FPOTH470 
180 LABELw(IDENT(2). AND. MASKt12)). OR. SHIFT(1R/, 42). OR. FPU76480 

1 SHIFT(IDENT(2). AND. 77 7777 770089121 FPOTH490 
WRITE (6.190) LABEL, BM. BWT FPDT8500 

190 FORMAT (1H1/6(1H /)91H'935X95HCASE "A7,8*, I8HMASS OF PATIENT  , FPDTHSIO 
I F7.294H KG., 7x, 9HWEIGMT  "F7.1"BH NEWTONS/iN FPOTHb20 

WRITE (6,200) FPDTH530 
200 FORMAT (IHO, 35X945HCINE """""""" FORCE PLATE. 1 """"""""". FPUT4540 

1 35H """""""" FORCE PLATE 2 +"""""*6*/IH 935X9IIHFRAME EVENT, FPOTPSSD 
2 2(3(98 FORCE )"BH MOMENT )/1H 935X, iOH NO. " FPDTb5bO 
3 2(3SH xy2 T)/1H ) FPUTbS70 

LINES=14 FPDT8560 

DO 250 J=I"NF FPOTHS4U 
IMARK=1BLANK F�DT4600 

00 210 Ka1.4 FPDTdh10 

IF (J. EO. MARK(K)) IMARK MKLA(dL(K) FPDTHh2U 
210 CONTINUE FPDTKh30 

J1=J. NSYNCH(1) FPUTbb4.0 
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J2zJ. NSYNCH12) FPUTHh50 

WRITE (6.220) J9IMAHKrFPI(JI), FP1(Jl"500). FP1(J1.10001. FOID78660 

1 FPIIJI. 2000). FP2(J2). FP2(J2.500)sFP2(J2.1000). FPl(J2.2000) FPUTB670 
220 FORMAT (IM "3SX, I4.3X9A392(3IF8.1.1X). F8.3)) FPDTB680 

IF (MOU(J. 5). NE. 0) 60TO 250 FRDTH690 

WRITE (69230) FPDTH700 
230 FORMAT (IM ) FPDTH710 

LINES=LINES"6 FPOT8I20 

IF 1J. GE"(NF-1)) GOTO 250 FPDTB730 
IF (LINEý. LE. 85) GOTO 250 FPDT8740 
WRITE (6.240) LABEL FPDTHTS0 

240 FORMAT (IHI/6(1H /)#1M f35X, SHCASE 9A7.10H CONTINUED/1H ) FPDTH76O 
WRITE (6.200) FPDT8770 
LINE-b=14 FPDT8780 

250 CONTINUE FPDTB7V0 
If (LINEb. LT. 67) WRITE (69260) FPUTH800 

260 FORMAT (1H1) FPDT8810 

IF (NEATIO. NE. O) GOTU 270 FPOTBd20 
WRITE (6.260) FPDT8830 
STOP FROTbd40 

270 IF (NEWMAN(IDENT(1). NEXTID)) GOTO 100 FPDTHdSO 

WRITE (69280) IDENT(1) FPDTH660 
280 FORMAT (40HIPATIENT CONbTANTb RETAINED FROM DECK "A9.1H. ) FPDT8870 

G070 120 FPDTdh80 
ENO FPDTb890 

PROGRAM KINCHK(INPUT. OUTPUT, TAPES. INPUT. TAPE6sOUTPUT) KINCMKIO 

C KINCHK20 

C USES INPKIN TO READ DECKS OF KINEMATIC DATA AND THEN LISTS THEM WITH KINCHK30 
C CO-ORDINATE PAIRS FOO EACH MARKER ARRANGED IN COLUMNS. KINCHK40 
C KINCHK50 

C KINSNT AND KINREG ARE THEN CALLED TO SHOW UP DEVIANT POINTS IN THE KINCMK60 
C DATA SET. KINCHK7O 

C KINCHK80 

C USES SUBROUTINES INPKIN" KINREGr KINSMT, AND OIDENT. KINCHK90 
" C KINCH100 

DIMENSION IDENT(21, X(2000). T(2000) KINCH110 

INTEGER VALUES KINCM120 
LOGICAL UIDENT. STATIC KINCH130 
DATA IBLANK / 3M / KINCH140 
DATA IX / 2H X/ KINCHISO 

DATA IXNEG / 2H-X / KINCH160 

DATA IV / 2H Y/ K1NCH170 
DATA IZ / 2H 2/ KINCHI8O 
DATA VALUES / 10" VALUES / K1NCH190 

100 CALL SIMKIN(X. Y"N. IDENT, NEXTID) KINCH200 

STATIC=OIDENT(IDENT, b, 9.4HSTAT) KINCH210 

NCOLS=11 RINCH220 
IF (STATIC) NCOLýs8 KINCH230 

LISIX KINCH240 

L2*IY KINCHeSU 
IF (. NOT. OIDENTIIDENT13,5+3H$R2)) GOT0 110 KINCH260 

XN20 TI KINCHe70 
GOT O 120 KINCH280 

110 IF (. NOT"OIDENT(IDENT. 315.3MKF3)) GOTO 120 KINCH290 

L1 JZ KINCH300 
NCOLSs13 KINCH310 

IF (STATIC) NCOL5. ll KINCH320 

120 NFRAME=N/NCOL? 
WRITE (6.130) IDENTII) 

KINCH330 
KINCH340 

130 FORMAT (1H1/1OH DECKNAME . A9/IH ) KINCH350 

WRITE (6.140) N. NFRAME KINCH360 

140 FORMAT (25HONUMBER OF POINTS READ a. I6915X" KINCH37U 

" 33HCORRESPONOING NUMBER OF FRAMES  . 15) KINCH3bU 

IF ((NFRAME"NCOLS). NE. N) WRITE 16.150) KINCH3WU 

150 FORMAT (1H": 9BX. i3HWARNING PRODUCT IS NOT EXACT) KINCH400 
KINCH410 

NFIPbT=l KINC�420 
NLAýfASI*8 KINCH430 

160 NLINES-B KINCH440 

JFIRST=NFIRST KINCHISO 
JLAST=NLAST KINCH460 

170 WRITE (6.180) (IBLANK, J. J*NFIRST. NLAST) KINCH470 

190 FORMAT (6MOFRAME. 81A3.9H" MARKER . I292H ")) K1NCM4H0 

WRITE (6.190) (Ll, L2. J=NFIRýT"NLAST) KINCH490 
190 FORMAT (6H NO. "8(5X9A294X, A293X)) KINCHSO0 

WRITE (6+200) AlNCH510 
200 FORMAT (IH ) KINCH52u 
210 WRITE (6.220) NF, (X(J). Y(J). J JFIRST"JLAST) KINCH530 

220 FORMAT IIH "I4r8(4X. 2Fb. 0)) KINCnti'. O 
IF (MOD(NF"5). NE. O) GOT0 230 KINCH550 
WRITE (6.200) KINCH5hO 
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NLINEStNLINES"6 K1NCMy70 
230 NF=NF. l KINCH980 

JFIRST. JFIRST. NCOLS KINCH590 

IF l. 1FIRbT. GT. N) GOT0 260 KINCH600 
JLAhTaJLAST"NCOLS KINCHb10 
IF (JLAST. GT. N) JLAbT N K1NCH61.0 
IF (NLINE?. LT. 59) GOT0 210 KINCH630 

240 WRITE (6.130) 1DENT11) KJNCHb4D 
NLINES=6 KINCH650 
IF (NF. NE. l) GOTO 170 KINCH660 
WRITE (69250) K1NCH670 

250 FORMAT (1HO) KINCH680 
GOT0 160 KINCH690 

260 IF (NLAST. EO. NCOLS) GOT0 280 KINCH700 

NF. I K1NCH710 
NFIRST=9 KINCH720 
NLADTsNCOLS KINCH730 
IF (. NOT. bTATIC) GOTO 240 KINCH740 
WRITE (6+2701 IOENT(1) KINCº+750 

270 FORMAT (5(1HO/)910H DECKNAME 9A9/114 ) KINCH760 
GOT0 160 KINCH770 

280 WRITE (6,130) IDENT(1) KINCH780 
IDENT(2) SHIFT((tL1. AND. MASK(12)). OR. (VALUES. AND. KINCH790 

1 I. NOT. MASK(12))))954) KINCHbUO 
CALL KINSMT(IDENTsNCOL5, NFRAME9X, 10) KINCHM10 
IDENTI2)sbHIFT(lIL2. AND. MASK(12)). OR. (VALUES. AND. KINCH820 

1 (. NOT. MASK (12))1). 54) KINCHAl0 

CALL KIN. ýMT(IDENT, NCOLýPsNFRAME. Tr10) KINCH840 
IF (NEXTID. E0.0) STOP KINCH85U 

GOTO 100 KINCH860 

END KINCHM70 

PROGRAM KINREF(INPUT. OUTPUT. TAPESOINPUT*TAPE6-OUTPUT) KINREFIO 
KINREF20 

MEAN VALUES FOR REFERENCE MARKERS. FOR USE ON P1/FULO. KINKEF30 
KINREF40 

DIMENSION X(1600), Y(16001, bX(31+5Yf3) KINREF50 

LOGICAL GIDENT AINREF60 
100 CALL INPKIN(X, Y. N, IDENT. NEXTID) KINREF70 

NbTEPs11 KINkEF80 
IF (OIDENT(IDENTr49512HF3)) NSTEP-13 KINREF9O 
DO 110 J: 193 KINRE100 
SX(J)=0. KINRE110 
Sy(J)z0. KINRE120 

110 CONTINUE KINRE130 
NPNTh=0 KINRE140 

DO 130 K. IsN. NSTEP KINRE150 
DO 120 J'1.3 KINRE16G 
bX(J)mbX(J)#X(K*J-1) KINRE170 
SY(J)iiY(J), T(K, J-1) KINRE180 

120 CONTINtOE KINRE1' 0 
NPNTS=NPNTS, 1 KINNE200 

130 CONTINUE KINRE210 
WRITE (6+140)IDENT, (SX(J), Y(J)9Js1+3) KINRE220 

140 FORMAT (1H0/1H0, A9.3(2F12.1%6X)) KINREZ30 

FACTORs1. /FLOAT(NPNTb) KINRE240 
DO 150 J=1.3 KINREtS0 
SX(JI-FACTOR'SX(JI KINRE260 
SY(J)sFACTOR'bY(J) KINRE270 

150 CONTINUE KINRE280 
WRITE (6.160)N. (zý, X(J). ýY(J). J*1o3)*NPNTý KINRE290 

160 FORMAT (lHO, 19v1X#3(2F12.2*6X)vII0) KINRE300 
IF (NEXTID. NE. 0) G0T0 100 KINRE310 
STOP KINRE32U 

END KINRE330 

SUBROUTINE KINREG(NUSBD1, ND+YEXT. NK1 KINREGIO 
DIMENSION YEXT(ND)bOI+NO) AINRE020 
DIMENSION SUMCY(30). 5UM5Y(30) KINkE. C, 30 

DIMENSION A(301. b(30), SUMSQM(31) K(NRL(, 40 
REAL (CPEXT K1NNEGSO 

COMMON /SMOOTH/ A. B. C"COVERT. GRAD"GkDEXTIICPEXT"STEN"SulSOR. YM. YO KINR16N0 
DATA T/0.020000000 / KINOE670 
DATA TWOPI / 6.283185307 / r1Nwt(. HO 
N=NO-1 KINRLG90 

RINT. FLOAT(N) K1NQLI0U 
NA-NK K1N$E11U 
C=TWUPI/RINT AINRE120 
COVEP. TsC/T KINRt130 
GP AO TEXT(1. ND)-YEXT(1.1))/HINT KINWL140 

STEP6(YF. XT(19ND)-YEXT(1v1)) KINRLISU 
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GRAD=STEP/PINT KINRE160 

Y0=YEXT(1+1)-GRAD K1NRE170 

bUMY. 0. AINRE180 
>UMYSO=0. K1NRE140 
DO 100 K=1. NA KINRE2U0 
SUMCY(K)=0. KINRE210 
SUMSY(K)=0. K1NRE72U 

100 CONTINUE KINRE230 
00 120 I=19N AINNE240 
YI YEXT(1, I)-Y0-GRAU*FLOAT(I) KINRE2S0 
SUMT: SuMTsYI AlNkL260 
tUMYSQ=huMYSO"YIoYI KINRE170 

XI"C*FLOAT(I-1) K1NRE1b0 
00 110 K=I. NA KINRE290 
ARG=K*XI KINRE300 

SUMCY(K)=SUMCY(K). COJ(ARGIOY1 KINRE3IU 

SUMSY(K)=SUMSY(K)*SIN(ARG)AtI KINRE320 

110 CONTINUE KINNE330 
120 CONTINUE KINRE340 

YM>>UMY/MINT KINPL350 

CYYsSUMYh0-SUMTTN KINRE360 

SUMS0R11)=CYY KINRE3IO 
DO 130 K 1+NA KINRE3ö0 
A(K)=bUMCYtK)'(2. /RINT) KINRE34U 

B(K)-SUM-ýPY(K)*(2. /RINT) KINRE400 
CTY=CYY-Ä(K)OSUMCY(K)-B(K)IIý-UMSY(K) KINRE4IU 

SUMSOR(K. 1) CYY KINREv20 
130 CONTINUE KINRE430 

ICPEXT=YEXT(1+1). YM KINRE440 

GRDEXT=GRAD/T KINRE450 
RETURN KINRE46U 

END KINRE470 

bUBROUTINE KINbMT(LABEL. NDýBDI. ND. YrNK) RINZOMTlO 
KINJMT20 

PROVIDES AN INTERFACE THROUGH WHICH THE HARMONIC ANALYSIS ROUTINE KINSMT3U 

KINREG IS CALLED' TO PROVIDE CHECKING OF KINEMATIC DATA. KINSMT40 
KINbMTSD 

DIMENSION LABEL(2), Y(NDS8DI+ND) KINSMTbO 
DIMENSION A(30)98(30), (JMýO4(31) KINSMTTO 
REAL ICPEXT KINSMT80 
COMMON /SMOOTH/ A, H, C. COVERT. GRAD. GRDEXT, ICPEXT. STEP, SUMSQR, YM$YO KINSMT90 

WRITE (6.90) 
90 FORMAT (IHO) 

WRITE (6.100) LABEL 
100 FORMAT 452H SMOOTHING AND DIFFERENTIATION 

1 164 - DECKNAME "2A10) 
IF (NK. EU. 0) NK: NEARSTlFLOAT(ND-1)/20. ) 
WHITE (69160) 

KJNSM100 
KINSM110 
KZNSM12O 
KINSM130 

BY FOURIER REGRESSION* KINSMI. O 

160 FORMAT Q HO/50H FRAME MARKER INPUT 

1 33H RESIDUAL RESID. //22H NO. 

2 51H VALUE VALUE DIFFERENCE 
3 13HSTD. DEVIATION/1H 

DO 200 JCOLSsI, NDSHDI 
CALL KINREG(NDSBD1, ND, Y(JCOLS. 1). NK) 
YOYHsYO. YM 
STDEV=SORT(SUMSOK(NK. 1)/FLOAT(NG-NK-NK-3)) 
DO 190 I=I. ND 
YCHECK YOYM. GRAD'FLOAT(I) 
CI1sC*FLOAT(I-1) 
00 170 J; l"NK 
RJCIIZFLOAT(J)'CI1 
YCHECK=YCHECK"A(JI. COS(RJC_I1). 8(JI*SIN(RJCII) 

170 CONTINUE 
YDIFF=Y(JCOLSsI)-YCHECK 
RATIO=TDIFF/STDEV 
IF (A8tý(RATI6). GT. 2.3) 

I WRItE (6.1801 I+JCOLS. Y(JCOLS. f). YCHECK. YDIFFtRATIO 
180 FORMAT (1H gI49I10t3XvE16.5f2E16.5vF13.2) 
190 CONTINUE 
200 CONTINUE 

PETUNN 
END 

PROGRAM PMKCHR(TAPE5. OUTPUT+TAPE6 OUTPUT) 

LOGICAL FUL. OIDEt'lT 

WRITE 469100) 
LINES2O 

KINSM150 
KINSMIbO 
KINSM170 

FITTEU. KINSMI80 
NO. 9KINSM140 

KINSM200 
KINbM210 
KINSM220 
KINSMj30 
K1NSM240 
K1NSM2S0 
KINSM260 
KINSM270 
KINSM2 0 
KUNSM290 
KINSM300 
K1NJM310 
KINSMi20 
KINSM330 
KIN5M340 
K1N5M350 
KINSM3b0 
KI NSM370 
KINSM380 
K1NhM390 
KINSM400 
KINSM410 

KMKCMKIC 
KMKCHK2O 
KMKCMK3U 

KMKCMK40 
KMKCnnyO 

KMKCNK 60 
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100 FORMAT 150H1 IDENT LHS LTD RHS RT09 KMACHK70 
" 13H NFRAMES /1H ) KMKCHKWU 

110 CALL INPKMK(LHS. LTO, NHb, NTU, NF, ID. NEXTID) KMKCHK90 

FUL-OIDENT1ID. 698,3HFULI KMKCH10U 
WRITE (691201 ID"LHS"LTO, NHý"NTO"NF KMKCH110 

120 FORMAT (1H 9A9,5I10) KMKCH120 
LINES-LINEb"1 KMKCH130 
IF (MOOILINQ95). E0.0) WRITE (6.120) KMKCH140 
IF (LHb. LT. 0) WRITE (6.130) KMKCH150 

130 FORMAT (1H., 60X, 6(IOM+++"++++*+)) +cMKCH160 

IF INHS. LE. NTO) WRITE 16; i3bfý KMKCH170 
IF (LH-b.?. LE. LTO) WRITE (6.130) KMKCH1ö0 

IF (FUL) GOTU 140 KMKCH190 

IF (NTO. LE. LHS) WRITE (6.130) KMKCHtOU 

IF (NF. LE. NHS) WRITE (6.130) KMKCH210 
GOTO 150 KMKCH220 

140 IF (LTO. LE. NHb) WRITE (69130) KMKCHe30 

IF (NF. LE. LHS) WHITE (69130) KMKCH240 
150 IF (NEXTID. NE. 0) GOTO 110 AMKCH250 

STOP KMKCM2bO 

END KMKCHZ70 

SUBROUTINE LISFPO(X. NSETS"IDENT. NPNTS) LISFP010 
Llý, FPU10 

LIS TS FORCE PLATE DATA FROM INPFPD LIbFP030 
L15FPOa0 

OIMENSION XINPNT? ) LISFPUS0 
LISFPO60 

Jul LISFP07U 
100 WRITE (6.110) IDENT LISFP080 
110 FORMAT (17H100"00" DECKNAME 9A9,7H ++"""") LISFP090 

IF (J. NE. 1) WRITE (b, 120) LlSFP100 
120 FORMAT (1H"933X"IOHCONTINUED. ) LISFPII0 

WRITE (6.130) LISFP120 

130 +"+++" FORCES (NEWTON) *++"+"'""""" FORMAT (52MOPOINT +++++" L)SFP)30 
_ 1 46H +""""++" MOAENTS 1NEMTON METRES """"""+""/7H NO. " LISFP140 

2 2(46H X-COMPONENT 7-COMPONENT Z-COMPONENT )/IH ) LISEPIS0 

NLINES-S LISFP160 
140 WRITE (6.150) J. tX1K)9K J"NPNTS. NSET5) LISFP170 

150 FORMAT (IH 91492(3X"3(F12.5,1X))) LISFPIbu 
J J"I LISFP190 
IF (J. GT. NSETS) RETURN L15FP200 
IF (MOD(J, 5). NE. 1) GOTO 140 LISFP210 

NLINEh-NLINES"6 LISFP220 

IF (NLINES. GT. 57) GOTO 100 LISFP230 
WRITE (6.160) LISFP240 

160 FORMAT (1H ) LISFPZ50 
GOT0 140 LISFP2bO 

END LISFP270 

PROGRAM LISKINIINPUTPOUTPUT. TAPES INPUT"TAPE6=OUTPUT) LISKN 10 
LISKN 20 

USE S INPKIN TO READ DECKS OF KINEMATIC DATA AND THEN LISTS THEM WITH LISKN 30 
CO-ORDINATE PAIRS FOR EACH MARKER ARRANGED IN COLUMNS. LISKN 40 

LISKN 50 
USE S SUBROUTINES OIDENT AND INPKIN. LISKN 60 

LISKN 70 

DIMENSION X(2000)"Y(2000) LISKN 60 
LOGICAL OIDENT. STATIC LISKN 90 
DATA I8LANK / 3H / LIý, KNI00 

DATA IX / 2H x/ LISKNI)U 
DATA IXNEG / 2H-X / LISKN12U 

DATA IY / 2H Y/ LISKNISU 

DATA IZ / 2H Z/ L1SKN140 
100 CALL INPKIN(X, Y, N, IDENT. NEXTID) L1SKN150 

STATIC=OIDENTIIDENT9699,4HsTAT) LlbKN1b0 

NCOLSa11 LISKNI70 
IF ()TATIC) NCOLSW8 L(Z)KN)60 
L1'IX L1bKNj90 

L2=IY LI5KNe 0u 
IF (. NOT. OTDENT(IDENT93,593HKRZ)) GOTO 110 L15KN? IU 
LI IXNEG LISIR U 

GOT0 120 L15x++2jo 
110 IF (. NOT. OIDENT(IDENT"3,593HKF3)) GOTO 120 Ll5KNe. U 

L1sIZ LISKN2S0 

NCOLS=13 LISKNebO 
IF (STATIC) NCOLSs]I LISKNL, 70 

120 NFRAMEaN/NCOLS L1bKNCt) 

WRITE (6,130) IDENT LISKN2'U 
130 FORMAT (1M1/10H CECKNAME 9A9/1H I LISiN. 10U 

WRITE 16,140) N, NFRAME LISKNJIU 
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140 FORMAT (2SHONUMBER OF POINTS READ =9I6915X, LISKN32U 

" 33HCORRESPONDING NUMBER OF FRAMES ". IS) LlSKN330 

IF ((NFRAME*NCOLb). NE. N) WRITE (6+150) LlSPNJ40 
150 FORMAT (1M". 98X. J3HWARNING - PRODUCT lb NOT EXACT. ) LISKN350 

NFsl LISKN3hD 

NFIRSTsj LISKN370 
NLAST=8 LISKN380 

160 NLINES=8 L15KNJ9U 

JFIRST=NFIRST LISKN4 
JLAST%NLAST LISKN410 

170 WRITE (6+180) (IBLANKrJ. J=NFjKST9NLA5T) LISKN420 
180 FORMAT (6HOFRAME98(A3r9H" MARKER "12.2H ")) 

- 
LISKN4JU 

WRITE (6.140) (LI, L2. J=NFIR5T. NLAST) LISKN440 
190 FORMAT (6H NO. "8(SX. A2.4X, A293X)) LISKN'. 50 

WRITE (6.200) LISKN460 

200 FORMAT (IH ) LISKN470 
210 WRITE (6.220) NF, (X(J), T(J). J. JFIRST. JLA? T) LI5KN480 

220 FORMAT (IH "I4,8(4X. 2F6.0)) LISKN490 
IF (MOD(NF95). NE. 0) G0T0 230 LLSKN5UO 

WRITE (6.200) LiSKN510 
NLINES: NLINES"6 LISKN520 

230 NF NF"l * LISKN530 
JFIRST=JFjRST. NCOLS LISKN540 

IF (JFIRST. GT. N) GOT0 260 LIKN5S0 
JLAST JLhS "NCOLS LISKNS60 

T IF (JLAST. GT. N) JLA4T&N LISKN570 

IF (NLINES. LT. 54) GOT0 210 LISKNS80 
240 WRITE (6.130) IDENT LKN590 

NLINES=6 LlbKN600 

IF (NF. NE. 1) GOTO 170 LSKN610 

WRITE (69250) LISKNb2U 

250 FORMAT (IMO) LISKNb30 

GOTO 160 LISKN640 

260 IF INLAST. E0. NCOLS) GOTO 280 LISKNb50 

NFu1 LISKN660 

NFIRST*9 LISKN670 
NLASf=NCOLS L1SKNb80 
IF (. NOT. STATIC) GOTO 240 LISKNb90 

WRITE (6.270) 1DENT L15KN700 
270 FORMAT (S(UHO/), IOM DECKNAME 9A9/1H I LISIN710 

GOTO 160 LI!. ýKN72U 
280 IF (NEXTID. E0.0) STOP LiSKN730 

GOT0 100 LjSKN740 
ENO L15nN750 

SUBROUTINE SIMKIN(XsY, N, IDENT, NEXTID) SIMKINIO 

C SIMKIN20 
C READ! X AND Y CO-ORDINATES COMPRISING KINETIC DATA, FROM UPDATE SIMKIN30 

C COMPILE FILE. DATA ARt READ IN SEQUENCE X(I)sY(1). X(2)sY(2)s 51MKIN40 

C .. X(N1. Y(N). X AND Y DATA ARE ON STREAM 5 IN FORMAT SIMKINSO 

C J(ISsIX, IS, IX) WHERE O. LE. J. LE. 6. DEC1: NAME IS READ FROM COLS. SIMKIN60 

C 74 TO 82 AND IS RETURNED IN A9 FORMAT AS IDENT. READING STOPS SIMKIN7U 
C WHEN A NEW DECK IDENTIFIER I-ý' FOUND AND THIS IS RETURNED AS SIMKINbO 

C NEXTID. N CONTAINS NUMBER OF PAIRS READ. TO AVOID LOSS OF SIMKIN90 

C DATA AND OTHER pROBLEMS THE FIRST LINE OF EACH DECK SHOULD BE SIMKI100 

C BLANK. ' IF END-OF-FILE IS READ NEXTID IS SET TO ZEk0. SIMKI1IU 
C SIMK1120 

C NOTE THAT THIS IS AN EARLY AND SIMPLE VERSION OF 1NPKIN. blMKI130 

C SIMK11-. 0 

DIMENSION X11400), Y(1400)"LINE(12). LNCH(6) 51MK1150 
LOGICAL FIRST901DENT SIMKIl60 
DATA IBLANK / 6H / SIMKII7U 

C bIMKIºHO 
rtLOC+O SIMKI190 
FIkST:. TRUE. 51MK1200 
IDENT 0 

blMK1210 

C SIMKI220 

100 READ (5,110) LNCH, LINE, NXTLOC SIMKI230 

110 FORMAT (6(6X, A6), T1912(I5. lX)91X. A9) blMKI240 
IF (EOF(b). NE. 0. ) GOTO 140 _ 

S1u, IeSO 

IF I. NOT. FIRST) GOTO 120 blMKI260 
FIRST=. FALSE. S1MKI270 

IOLOC=NXTLOC 5IMK1280 

IOENT=NXTLOC S1MK1ev0 
120 IF (NXTLOC. EO. IDLOCI GUTO 124 S1MK1300 

IF t. NUT. OIDENT(NXTLOC919595HKCORR)) GOTO 150 bIMK131U 
124 DO 130 K+1s6 

SIMKI. i2O 

IF (LNCH(K). EO. IBLANK) GOTU 100 blmklado 
NLOCaNLOC. 1 41MKIJ40 

X(NLOC)=FLOATILINE(2+K-1)) ýIMKIJ50 
Y(NLOC)aFLOAT(LINE(2"K)) blMKI3tU 

130 CONTINUE - SIMKI310 
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GOTO 100 SIMKI380 
C SIMK1390 

140 NXTLOC=O SIMK1400 
150 NEXTID-NXTLOC SIMK1410 

N-NLOC S1MKI420 
RETURN SIMK1430 
END SIMKI440 

PROGRAM TESFPD(INPUT+OUTPUT9TAPE79TAPES"INPUT9TAPE6. OuTPUT) TFSFPD10 
C TESFPD20 
C TESTS INPFPD. TESFPD30 
C TESFPD40 

DIMENSION X(1920) TESFPD5O 
C TESFPU60 

CALL CONNEC(7) TESFPD70 
100 CALL INPFPD(X. N. ID. NX) TE. SFPlThO 

WRITE (6.110) N. ID"NX TESFPD90 
110 FORMAT (1H1/1H0915.33H SETS OF 6 VALUES READ FROM DECK . A9.1H. 9 TESFP100 

" 1OX914h(NEXT DECK IS . A9s2H. )/IHO) TESFR110 
IF (N. GT. 0) GOT0 140 TESFP120 
WRITE (79120) IO TESFPI30 

120 FORMAT (1SHOERROR IN DECK . A9.1H. /1M I TESFP140 

WRITE 169130) TESF)lSO 
130 FORMAT (16H ERROR FLAG SET. /1HO) TESFPlbO 

GOT0 190 TESFP170 
C TESFPIRO 

140 WRITE (6.150) TESFP190 
150 FORMAT (IH 93X94HF(X)96X94HF(Y). 6X. 4HF(Z)96X94HM(X). 6X94HM(Y). TESFP200 

" 6X. 4HM(Z)/IHO) TESFP210 
NV=69N TESFP220 
00 170 J=1sN TESFP230 
WRITE (6+160) (XtK). K J. NV, N) TL5FP240 

160 FORMAT (IH 96(F8.0.2X))' TESFP250 
170 CONTINUE TESFP260 

WRITE (7.180) 10 TESFP27O 
180 FORMAT (6HODECK . A9920H READ WITHOUT ERROR. /1H º TESFP2S0 
190 IF*(NX. NE. 0) GOTO 100 TESFP290 

STOP TESFP30U 
END TESFP310 

PROGRAM TESKIN(INPUT. OUTPUT. TAPES INPUT. TAPE6=OUTPUT) TESKINIU 
C TESKIN20 
C TESTS INPKIN. TESKIN30 
C TESKIN40 

DIMENSION A(1400). F341400) TESKINSO 
COMMON A. 8 TESKIN6U 

100 CALL INPKIN(A. B. NPAIRt). ID. NEXT) TESKIN70 
WRITE (69110) NPAIR?, IO. NEXT TESKIN80 

110 FORMAT (1H1/IH0915.26H PAIRS X. Y READ (RUM DECK 9A9. IH. 910X. TESKIN40 
" -ISH(NEXT IDENT IS . A9r2H: )/1M0) TESKIiOU 

NTOP=NPAIRS TE5KII10 
IF (NTOP. GT. 36) NTOP 18 7ESK112U 
WRITE (6.120) (A(J). E(IJ). J. 1. NTOP) Tt5KI130 

120 FORMAT (6(1H 92F8.092X)) TESA1140 
IF (NTOP. EO. NPAIRS) GOTO 140 TESKIISO 
WRITE (6.130) TESK1160 

130 FORMAT (20H0 ETCETERA. TO -/1H ) TF. SK117U 
NLOrs6'(NPAIMS/6)-5 TESKIIMU 
WRITE 16.120) (A(J). B(J). J NLOW. NPAIRS) TESK1l'+0 

140 IF (NEXT. NE. 0) GOTO 100 TESK1200 
STOP TLSKIIIO 
END TEbK121U 

PROGRAM TRYOEV(OEVDAT. OUTPUT. TAPES OEVDAT9TAPE6aOUTPUT) TkYQEVI0 
C TKYUEVg'u 
C TESTS SUBROUTINE OEVENT. TkYOEV3U 
C Ts- YUEV40 

DIMENSION X(15). Y(15)sZ(1S. b) TkYUEVSU 
LOGICAL FORWRO TkYUEV6U 
IDENT=9H°"FP18DT" TKYULV7U 
FOkWRD=. TRUE. TMYOEVKu 

100 READ (5.110) X TkYuEv9u 
110 FORMAT (15F5.0) TPYUEIUu 

IF (EOF(5). E0.0. ) G010 120 T' OL1lU 
IF (. NOT. FORWRD) STOP TMYOE12U 
FORWRD=. FALSE. TkYUE13U 

IDENT=9H"*FPIFUL" TNYUF14u 
REWIND 5 T. YUE)Su 
GOTO 100 TýYQE. lbu 

120 DO 140 J=1.15 ThYut170 
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JJ=J TRYGE180 

IF (. NQT. FORWRD) JJ216-J T.. y0E190 
Y(J)=X(JJ) TNYUEZ00 

DO 130 K=1.6 TMY0t210 
Z(J. K)=Y(J) TkYUE220 

130 CONTINUE TWT0E230 
140 CONTINUE TkYOE24U 

WRITE (6.150) TIOYUE250 

1S0 FORMAT (IHO/1H ) TMYUE26u 
CALL UEVENTIZ. 15, IDENTs2.000000001sEVNTPT) TOYUE270 

WRITE (69160) IDENT, EVNTPT TRYQE280 
160 FORMAT(1HO, A9, F12.3) TNTUE290 

WRITE (69170) Y. Z TRYUE300 
170 FORMAT (1H0.15FB. 4) TkYUE310 

G0T0 100 TkYOE320 
END TWYGE330 

PROGRAM UPEDBKITAPET, TAPE29OUTPUT, TAPE6 OVTPUT) UL'EDHKIO 

C UPEDBK20 

C EDI TS AN UPDATE INPUT FILE TO ENSURE THAT THE FIRST TWO LINES OF EACH UPEDBA30 
C DECX ARE BLANK, BLANK LINES 6EING INSERTED IF NECES ARY. THE UPEDBK40 

C ORIGINAL SOURCE FILE Iý TAPE1 AND THE EDITED VERSION IS TAPE2. UPEDHK50 

C ADDITIONAL BLANK LINES IMMEDIATELY FOLLOWING A "DECK CARD ARE UPEDdnbO 
C ELIMINATED. BLANK LINES ELSEWHERE REMAIN UNCHANGED. THE UPEDBK70 

C LINE LENGTH PROCESSED IS 72 CHARACTERS. UPEDBK80 

C 
UPE0bK90 

DIMENSION LINE(9) UPED8100 

LOGICAL NUDECK UPEOH110 

DATA IBLANK / at / UPED6120 
DATA IDECK / SH'DECK / WPED8130 

DATA ND /0 UPEOR140 

DATA NI /0/ UNEOB1SO 
DATA NL /0/ UPE08160 

DATA NUDECK / FALSE. / UPED8170 

C UPED81B0 

100 READ (1,110) LTEST, LINE UPEDB190 
110 FORMAT (A5, T1,9A8) UPED8200 

IF tEOF(1). NE. 0. ) GOTO 200 UPED8210 
IF (NUDECK) GOTO 140 UPED1220 

120 IF (LTEST. NE. IDECK) GOTO 170 UPED8230 

WRITE (2.130) LINE UPED8240 
130 FORMAT (9A8/1H /1M ) UPEUB250 

NUDECK=. TRUE. UPEDB2bO 

NOsND"1 tfE08270 
NI=NI. 2 UPED8280 

NL=NL 13 
UPEOH290 

GOTO 100 UPED8300 
140 DO 150 J=1.9 UPE0H310 

IF (LINE(J). NE. IELANK) GOTO 160 UPED8320 
150 CONTINUE UPE08330 

NIsNI-1 UkLOH340 

GOTO 100 UPEON350 

160 NUDECK=. FALSE. UPED8360 
GOTO 120 UP OH370 

170 WRITE (2.180) LINE VPED838U 
180 FORMAT (9A8) VPEU8399 

NL=NL"l UPEU6400 

GOTO 100 UPED8410 

C uPEDH420 
200 REWIND 1 UPEOH430 

REWIND 2 UVED0440 

WRITE (69210) NL"NDINI UPED8450 
210 FORMAT (1HO, I6.40H LINES WRITTEN TO EDITED FILE" INCLUDING/ UHED8460 

1 IH 9I6,33H LINES WITH *DECK DIRECTIVE5" AND/ UkEDH470 

2 IM "I69SOH BLANK LINES NEWLY INSERTED, LESS REDUNDANT BLANK " UPLOB480 
3 14HLINES DELETED. /IH ) UPED6490 

STOP uPED6500 

END UPEOtf510 



8.2 Intersegrnental Moments for all Subjects and Patients 
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WIE SEC. i CE FRAMES 

ANKLE. KNEE. HIP. CCRONAL PLANE 

LEFT HEEL STRIKE 4 CONTINUOUS ANKLE 

LEFT TOE OFF o DASHED KNEE 

RIGHT HEELSTRIKE o DOTTED HIP 

RIGHT TOE OFF 
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0.00 tOl 10.60 Mm ? 0.00 S. 00 70.00 75. J7 . 0. X 4i00 So. = SS. OC d. m 

TIME SELF`. C: ; LAMES 
AN LE. KUEE. HIP. CORONA_ PLANE 

LEFT HEEL STRIKE CONTINUOUS ANKLE 

LEFT TOE OFF DASHED KNEE 

RIGHT HEELSTRIKE ° DOTTED HIP 

RIGHT TOE OFF 0 
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