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INTROUWUCTIUN
A, Introductory remarks and statement of the problem.

Man has been interested in how he walks for thousands of years.
Although walking seems a simple process it is a very complex
phenomenon anci studying the gait is consequently difficult. Gaitis a
broad term which is defined in Webster's dictionary as 1, a going; walk;
way. 2. manner of walking, running, or moving on foot, 3, Specifically
of horses, foot movement etc. This work will be concerned only with
the walking aspect of movement on fooit. As will be seen in the review
of the literature the act of walking is a complexity of activities which
can be studied in various ways.

Previous investigators have studied muscle activity by
observation and electromyography. Torque (rotational activity) of the
pelvis, thigh, leg and foot has been studied, Accelerations and
displacement of various parts of the body as well as the duration of the
heel and toe contacts and pressures exerted upon the foot while walking
have had extensive study. In this work the correlation of ti‘m

displacement of the trunk and limbs with the acceleration curve




(henceforth called the accelerogram) will be made by means of
simultaneous photography. The rnuscle activity will be recorded
clwm”gmp&ﬁcmh | |

The purpose of this study is to utilize many of the abuﬁ techaiques
coupled with a new method of simultaseous photograpby plus tie
recording of acceleration ét:ucuy to correlate muscle activity with
displacement ami acceleration. It is hoped that this method wul lead to
2 better menhndiagg of the gait of amputees and therefore the
possibility of improved prosthetic devices. Correlation of trunk and
limb displacement with the acceleration curve (accelerogram) will be
made by means of simultaneous photography. The muscle activity will
be recorded electromyographically, (EMG).

In walking there are two distinct phases of the yait; one is the swing
phase and the other is the stance phase. The stance phase is the period
when the foot is in contact with the floor. The swing pbase is the period
when the foot is off of the floor. There is also a brief period known as
the double support when both feet are on the floor. A single step consists

of the distance from the heel and floor contact of one foot to that of the




otaer, ihe double step consists of the distance between two heel
~ contacts of the sains side.
iy AEVIEYW F THE LITERATURZ

The first recorded observations of the calt are by Aristotle, { & the
Lait of ﬁnimala. Chapter 4, translated by ASL Farguharson). |
»Another indication that the rijut is tiz source of movement is the way
we put our feet forward; all men lead off with the lelt, and after standing
still preler to put the left foot forward, unless sorething happeas to
prevent it. The reason is that their wovernent comes from the ley they
step ofl, mot from the one put fammin oo And man has the left Mmnbs
detached more than any other animal : now the right is saturally both
better than the left and separate from it, and so in man the right is more
especially the right, more dextrous that is, than in other animals, Ihe
right then beiny dilferentiated it is only reasonable that ia ran the leit
should be moveable, and roost detached”. obably tuls roade more
sense in the lanjuage employed by Aristotle, but it seems to be implylng
that the impetus which sends the body forward is received irem the

faot which 18  behind the center of yravity.
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Borelli (1679), cited by Steindler (*53), in De Motu Animalium

contributed the following three items to the study of gait and must be
congidered the pathfinder for all subquent gait studies. His
contributions were 1) a fundamental concept of muscle action, 2) the
determination of the center of gravity of the body, and 3) a concept of
propulsion and restraint in gait,

The next important report, which marks the beginning of the modern
period of investigation of the gait, was the Weber brothers (1836),
With only a stop watch with a second hand, a known length of ground
and a subject, they investigated the time relationships between the
movements of swing and stance and concluded that the leg obeyed the
simple laws of the pendulum. They measured the inclination and
vertical variations of the back, (the mean inclination of the back from
the vertical was 14°), the straightline length of the extremity in
different pouﬁnns; and the oscillation time of the free swinging member
with and without clothes. They also observed that the trunk was lower
in walking than in standing.

Braune and Fischer (1895) in commenting upon this work, (see
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also Steindler '53) states (translating from the German, my own, )...
iie.‘\cen today it is viewed as undeniable that the trunk in walking assumes
a somevhat lower stance toward the floor than in standing and that it
will become even lower as we walk faster. What the Weber brothers
saw however caused them to draw conclusions which are not immediately
realized from the measured results. *In other words they reached
conclusions which went beyond the data which they had collected, "
Continuing with n&y translation, ‘‘thus they had for example tw means
to ascertain the progress of the movement and change ‘o,{ positions of
the leg during the double step... they could only measure the degree of
shortening and the length of thve leg, the rising and falling of the body,
the length of the step..." Therefore, it is remarkable that even though
the Weber brothers used such primitive means many of their
measurements have been repeated and verified by other investigators.

Marey (1883) in France studied the gait by means of cinemaphoto-
graphy (cyclography). The subject studied wore a black stockinette
on which white stripes were painted ovcé the lateral aspect of the thigh

and the edge of the fook. Steinbausen ('30) and Fischer in Tigerstedi's




Physiology (p. 242, figure 30 and p. 283) Mmm%é that the
photojraphs wers nol sharp and hence were of little value for the study
of jeit. However for some strasge reason, Stelnbausen and Fischer
selected one of Marey's later plotures (1895) to illustrate Marey's
results. This ptetm }in aot sharp and well defined but the remalnder
are rruch more reprasentative of lds work, Marey was the first to use
tids method »of studying the gait.

Muybridge (1889) in this country developed a new techuique to
study the human gait in the nude subject, iie set up a battery of
cameras., Esch camera bad a shutter which was actuated by breaking
a fine string., The camevas would be placed alengaide the planned
progression path, The stringe would be secured and made taut across
the wﬁh and the subject in walking wonld break cach string in
succession thus actusting eoch cameras. The quality of his photographs
are excellent and have never been surpassed or equaled,

Braune and Fischer (1895) studied gait moset intensively. They
dressed thelr subjects In black stockinettes but used Gelssler tubes

instead of white stripes as Marey had done, Celssler tubes serve the
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purpose of indicating the position of the body at any moment, These
were attached to the black stockineite by means of elastic straps
separated from the body by means of thin strips of gutia percha so

that the electrical discharge would not be carried through the subject.
The experiments were carried out at night because cameras with open
lenses were utilized. The subject walking in front of 2 ruled board

' with twa‘camu placed laterally, a third behind tue subject and the
fourth at an angle of sixty degrees from the path of progression., The
tubes were intermittently illuminated by means of an inductorium at
the rate of twenty five times per secmxé.v The resulls were a series

of lines at different angles on the photographic plate. The gelatin
plates were then developed and the measurements of all the angles
were carefully done directly on the plates, These angles were then
;aiutt«ed and what resulted was called a displacement curve or as
Braune and Fischer deaignated it, the progression or path curve, This
curve was then differentiated twice and the final curve was the
ucceiémﬁm curve., Actually Sraune and Fischer carrvied out only

three experiments, but it took a lifetime to do these three classic
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experiments. i‘hﬁré are gver 5000 measurements reported in their first
paper.

Bernstein (*27) cited by Steinhausen (30) repeated the work of
Braune and Flscher, but ased smali glass bulbs instead of Geissler tubea| .
Tinese buibs which were attached to the subject were mumimud
intermittently. The individual was photographed with a shutter on a still
film. Acceleration data was then computed in the uﬁm manaer as de~
s¢xibed by Braunc and Fischer, The acceleration curves obtained by
Berustein permitted him to show the acceleration in much greater detail,
Another advantage of the method employed by Bernstein was that a short-
er amount of time was needed for the analysis.

wiberson (136) using a piezoclectric quartz was the firast to record
the accelerations for the gait directly, A block or plate was cut from a
quartz crystal perpendicular to one of the faces of the guartz, If this
block is then compressed in a plane perpandimﬁat to the edge of the
original crystal, but parallel to the face of the crystal, an electrical
charge is generated perpendicular to the strain ( Henney, '50, Caverly S2)|

Liberson attached a small weight to the quarts and the change of
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pressure, as explained above, caused the developineat of 8 charge
proportional to the pressure excrted. These changes of pressure due to
forces of inertia are proporticual to accelerations and are reflected in
variations of tie electric potential picked up from the two opposite faces
of tae crystal. The amplified potential was recorded by means of an
oscillograph. Liberson was able by this method to record accelerations
of the body directily, He cornpared vertical acceleration curves of the
trunk obtained by this method with those obtainad by Bernstein, "The
resemblance is very close, and necessity of dfferentiating as with
Bernstein's curves is eliminated.” Liberson further discussed the
fixation of the quartz detector to the ley to permit the writing of the
"exerted effort either tangentially or radially (augularly) to the portion
of the described curve.”

Steindler (*53) in an editorial on tie history of gait studies reviewed
the significant contributions of all investigators sivce 1679. He cone
cluded by discussing the work of Saunders and Inman and Eberhart on the
six determinants of gait. Saundersz, Inman, and Eberhart (*53) in the

same journal lists the six determinants of gait and discusses them,
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The six are pelvic rotation, pelvic @i, kunee flexion in ine stance phase,
foot and knee mecnanisms, and latexal dispiacement of the peivis, They
also state that accelerometers were used to study gait bat ¥ were found
to be inferior to methods of graphonunerical differcatiation.” 'fais
latter statement is made probabiy because, ii i;‘ae gravitational component
ig not compensated for, as will be shown later, the use of accelerometers
for the legs and thighs is not suitable, Force plates were used by
Saxxnderiané his group to study the stance phase of the gait, but force
plates could not be used to study the swing phase, |

Liberson ('57) modified his technique by using strain gauges to re~
cord accelerations of the trunk and the extremities. iie correlated EMG
data with the acceierograms. 7The method of using @ single strain gauge
to record accelerations is correct for the vertical accelerations, but is
not suitable for the leg or thigh because of the gravitational effects upon
the masses during sugular displacement. The principles of recording
scceleration of the body were used in this study have been further
modified,

Marks, Morton and Hirschberg {'58) investigated the hemiplegic
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patient electromyographically, Their studies showed that both the
paralyzed and the non-paralyzed side were abnormal in function., They
stressed the importance, therefore, of re-educating the non-paralyzed
side as well as the paralyzed in gait training.

Drillis ('58) reviewed the applications of objective recording methods
in investigations and blomechanical analyses of pathological gait, The
main emphasis was upon temporal components although there was some
discussion of kinetic and kinematic critera. I‘

Smith et al ('61) by means of an electrobasometer also have in-
vestizated the temporal components of gait. Electrobasometer is a term
which was introduced by Schwartsz ('28) to describe an instrument which
he had designed to measure the pressures exerted upon the ground by the
foot while walking, Schwartz refined the instrument and has been the mosY
active worker in this phase of gait studies (32, 133,134, 435, 136, '37, and
'47). Smith (*61) has an elaborate basometer which allows him to record
contact of the foot (either shod or unshod) with a plate, He reported that
the average contact time of the unshod foot was 0. 70seconds, and shod

foot 0. 67seconds (same subjects), The shoes decreased the contact
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time, but the stride time for both shod and uashod feet was an average
of 0,40seconds, |

A modification of Liberson's original method of utilizing strain
gauges in the study was reported at the Panama Congress of Physical
Medicine (Liberson, Holmquest and Halls '59), The same method was
presented to the American Congress of Physical Medicine (*62).

Cavagna ('61) in Italy, reported that accelerometers constructed of
flexible steel plates to which strain gauges are attached could be used

to study gait.




MATERIALS AND METHOUDS

A, General

The overall plan of the study was to have an individual walk over a
conductive platein front of a ruled grid, while being photographed at 64
frames per second, Figure 5. The person walked on the above plate with
heel and toe contacts which were connected to signal lamps above the grid
indicating heel and toe contacts and departures., The signal lamps were
used to show the heel and toe contacts and departures beuus? in the movig |
the contacts of the various perts of the foot could not be ascertained by
inspection of the individual irames. Strain gauges were placed in various
places to record vertical and angular acceleration. Electrodes were
placed over various muscles to record muscle action. All the wires were]
run in a cable to an overhead trolley which moved with the individual,

Metel heel and toe contacts were attached to each shoe. hch contacy
was connected in series with a battery, a coll of & relay and the conductive
plate. The coil of the relay was connected in parallel with a galvanometes
When contact was made with the conductive plate a voltage was impressed
upen the coil of the relay and the galvanometer, When the relay was thus

13
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actuated a signal lamp was illuminated. The signal lamps were in a box
attached to the ruled grid which formed the subject's background while
he walked. Simultaneously with the illumination of the lamp, the
galvanometer pen was deflected and remained so until the contact was
lifted from the floor. (See Appendix I for the circuit),

The subject and his background plus the accelerations of an m«
gslvanometer pen was photoyraphed simultaneously, As the subject
walked across the plate the strain jauges attached to his body for the
purpese of recording acceleration activated the ink writer jalvanometer
pen. The ink writer galvanometer pes was connected in parallel with
the Uifaer jalvanometer pen ( hereafter called the camera galvanometer
pen). The accelerations of this latier pen could be photographed by
means of a lens systern to be described later, |

After the camers started a foot switch was depressed which
simultaneously deflected another galvanometer pen of the Offner apparatus,|
Hghted a larmnp in the panel and another in the camers which darkened the
sdge of the film. This permitied the indexing of tae film: and the record

of the ink writer galvangmeter.
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In an earlier part of the study, sn atterapt was wmade to photegraph
tae 2atire record while the pons were recowilug sil the data, by resns
of a mirror placed ot a 45° sagle in (ront of balf of the lens, The dee
sired result waas that the subject would be seen on one half of the frare
of the filo and the lok recording of the accelerations, as they were bee
inyg made, would be scen on the other balf of the ireme of the fikm, This
e m successiul bacause the subject snd sceeleration record ware
too iar apart to record hoth terough one lena.

Strain gauges (wire) were used for this study bocsuse Liberson, (?57)
had demonetrated the stmplicity of tnelr use for suck studics becauae of
their conslatency aad dependability over long recording sessions. The
camera galvanoceter pen was connected in parallel with the Ink writer
galvanometer pen and the forrmer was placed as follows. The shaft of
the pea was located in o plane paralliel with tie dlrection of the filx
travel. The shaft of the pen was paluted black sed the pen was placed in
the galvanomster before 2 fthin oMt through wideh Mkt from & vofler
flood lauop (150 watts) was belsyg projected. As tae pan moved the Mygnt
boar wae ioterrapied, thus forming on the moving itla: a continuous
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curve of the acceleration. The curve was countinucus because no shutter
was used and the movement of the film provided the time sweep, The
camera galvanometer pen could be conaected in parallel with any of the
sixteen galvanometers of the Uffner apparstus.

Male medical students from the Stritch School of Medicine, male
physiotherapists and male amputees from the Veteran's Administration
Hospital at Hines, Iilinols were used as subjects. Approximately 20
normal subjects and i0 amputees were examined by the methed which will
be outlined later in this section, Two normal and two amputee
individuals were selected for intensive study by simultaneous photography
i.e., photography of the displacement of the subject and his acceleration
curve as it was being made. In addition 30 other patients with varying
gait pathology were examined but there was not enough in any one
category to report in this investigation. The examinations were
carried out over a two year period and at various times of the day.

The ampuiees were all patients from the Veteran's  Administration
kHospital at Hines, Illinols and were undergoing gait re<education either

2s in or out patieats, The normal subjects ranged in age from 13 to 54
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years, (Saunders (*53) bhas stated' that the normal yait pattern is
established at the age of 7.} The youngest amputee was 24, while the
oldest was /0 years of age.
B. Method of Calibration of the Sirain Gauge and Uescription of the

Technique

An amplifier and preamplifier were used to activate the bridge of
a strain gauge and amplify the signal to a galvanometer, ¥or readers
not familiar with the galvanometer, reierence should be made to its
“evolution (Schweigger, 1521). The strain gauge is a modified
VWheatstone Bridge and the readers is referred to Wheatstone (1879);
and Aronson (*68) for details,

Initially one gauge was used to determine whether the deflection
of the galvanometer could be predicted if the angle of the gauge in
respect to a perpendicular line to the earth, were kaown, A linear
relationship was shown to exist which obeyed the mathematical
relationship: Force equals mass x g x sine e

Where force equals the ftotal forces acting
upon the strain gauges' sensitive element,

g equals 980 cm/sec? and @ equals the angle
of the gauge.
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vetermination of whe wffect upsa the deflection of tie strain gauge s
showa ta Tabiss I avd U {(Appendix 5I),

In testing the strain gauge a physical pendolwn is used. The strade
sBuge complex, Urass fores displucement tracsducers without springs, is
fastoned to the pendulur as shows in Figuse k. The strain Gauges are
shown separately ia Figure2, The dauge is cuanscted o the proaplifier
and galvanemeter. / voltage is placed o the bridgs, sod both srms of
tae Wheatstone bridge are made equal kx resistaace and no dellection is
obtained at the galvanometer becusse ao current &s Oowlag., This
situntion obtains wien tae strain geuge nas ite longitudianl axls perpendice
ular to the sarth so tsat its cantilever apm ks purallel with the sarth (the
curvature of the surts Is lgnored), The strels gauge is rotatud to »
#econd position and fixed in taat position. Tiis position is with its
lougituiloal axis paraliel vith the sarth sod Ere cantilever aron
perpendicular to the sarth, The defiection ebtsined ou the gulvanometer
will m:‘w sdjusted by a eslibration coutrol so that a ten milliseter
deflection is oltained. If the struia @nuge is now placed at aay angle,
between the two positions, the daliection obtained wili be that ghven ia




19
the formula on page 17. For wxamﬁ&. at 30° the sine of the angle is
.5000, the masses of the cantilever arms were balanced at zero so
that the masses cancel each other, Thus, the deflection will be , 500
times 10 ( the calibration amplification) or 5 mm, The masses and the
force of gravity remain constant in the equation: .

F egunls cosfd x g x m ,

Where F is as previously stated, ¢ (&% is the
angle of rotation to distinguish it from (_th._e_tg)
and m is as before. '

Jce each of the strain gauges were shown to have a linear response,
all that remained to do was ta arrange the strain gauges in opposition amﬂ
to connect the outputs of the strain gauges in opposition. The component
due to displacement (angular rotation) was eliminated (Consult Appendix
111 for the details).

It is appropriate at this time to analyze the forces acting upon the
strain gauge and to show wha; information is desired in this study, In
the position where @ and ¢ equals zero, there is equal pull by gravity on

the masses located on either side of the cantilever beam. If the

gravitational forces are equal, then no deflection is recorded by the
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selvanometer, However as soon as © no longer equals xoxe, o
different situstion obtaink, A cornponeat of the lorce exerted by
sravity upon each mase of the strain gauge is at right anjgies (o the
cantiieverz beam, The vactor compousuts are shown in Figure 3 and
Figure 4. Since it is not desired to intreduce the gravitational
component into the study the procedure outlined in Appendix Il
eliminates it.

mce the gravitational compenent force is eliminated from the
tracing, wbat forces remain to ¢ause the deflection of the
calvanometer? The force is the lnertia of the masses of the
cantilever beam times the tangential acceleration of the two masses.

If the dunl unit is accelerated umiany. no deflection will be
obtained because there will be no difference in the acceleration of
the two gauges, The only ime the gauges will register a deflection
is when the gauges are being accelerated through an angle, for tien
the force upon the cantilever beam furtherest from the point of
rotation is greater than upon the cantilever beam closest to the

voint of rotation. The polnt may be raised that actually the strain




Figure 1

Jivadn gauges on & penduduin,
The yrid in the bachground was the one used in the study,
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M g=mass on each side of cantilever in grams
2

g=acceleration due to gravity-980cm.Am./sec.

Vector Components Upon Changing Angle ©

Figure 3

23




Mgcos @ g Q
2/ %9
/
J
Mg

2
Vector Components Upon Chonging Angle g

Filgurs 4

4




25
gauge is rmeasuring the tangential acceleration, but tangential
acceleration is related to the angular acceleration by the expression:

angular acceleration times the radius of
mass] equals the tangential acceleration
of massy

Similarly with mass,:

angular acceleration times the radius of mass;
equals the tangential acceleration of mass 2

Therefore the difference of tanygential acceleration is dependent
upon the angular acceleration,
C, optical preparation

A Viollensak high speed WF 14L camera was used to photograph
the subject and the accelerogram which was recording the
accelerations as previously described, This camera m.n aspecial
lens bullt jnto the camera door which enables one to photograph a
maoving point such as seen on an oscilloscope tube., The description
of the use of this camera will now be given,

Jne subject, a person, first located with the front lens through
a lens finder and by parallax method, is focused on the cross hairs
of the finder. In order to use the side lens of the camera, an

oscilloscope finder is maandatory (lays, '55). The secoud subject,
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fhe camera ;alvanometer pen, is focused on the yround m—-iu screen
of the oscilloscope finder. I one wishes the iroage to be to the side
without superimposition, then gne focuses the imaje at the upper
outer corner of the view finder (towards the camera galvanometer
pen). The £ stop is 4. 0; camera speed 64 framen por second, Tri X
reversal film, The Ilight source, 150 reflex flood lamp, projected
through & slit 2 mm wide by 30 mm long focused on a pen tip | mm
wide at & distance of 19 inches from the focal plane of the lens. In
order to make the pen oscillations visible on the filrm & 1 plus lens
was attached to the 2. 0000 inch side lens of the camera. This enabled
the image to be photo;raphed at a closer distance, i.#,, without the
added lens the subject, the camers galvanometer pen, had to be
placed 46 inches from the focal plane of the 2,000 inch lens. Lastly
an f 3.2 stop was used ?w.@cugusﬁ of the camera wits a candle-
power source of 13,5 at a distance of 30 feet fxom the carera,
Development of the {ilm was carried out by the tauk metbod in D«11

( tor greater contrast) for four and one half minutes.

Jne frame of the movie accelarogram is shown cularged in Figures
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80 that details can be seen. Note the following; the wide beam seen on
the left is the light beam frowm the flood lamp, the black stripe in the
center of the light beam is the accelerogram as traced by the camera
galvanometer pen as it ioterrupis the light beam, Also the ruled yrid
is seen behind the subject.

The reason that a movis accelerogram is used rather than the ink
writer accelerogram is that the latter is of short duration and the
movie accelerogram allows the stretching out of this curve over a
greater distance, and the displacement is shown on every frame;
correlation of displacement and acceleration is thus easily made. The
film and paper accelerograms are coatrasted as follows: 3 cm of
paper equals 64 frames or 1.6 feet of film. Lxpressed in another way,
since the paper is running at the rate of 30 mm per second and the
film is running at 64 frames per secound, there are 2.13 frames for
each millimeter of record.

Jne might think that the paper could be speeded up and thereby if
the paper were running at 64 mm per second there would be one frame

per willimeter of paper, but such experiments have shown that the
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corve becomes 8o fdatiened that they arz discerned only with great
difilculty, Theweiore the flin: allows & reazonable consumption of
paper and also allows a temperal expansion of the acceleroyvemn
without any additionsl amplification.,

The frequency resposse of the camera galvanometer pen was
tested as follows, A sine wove from 3 Hewlott Pachkard goaerator
was introduced onte the ink writer galvanometer when it was
connected in parallel with the camera galvanometer., The {requency
respons s of the camera galvanometer pen was then photographed,
The frequency was increased from une cycle per second to lorty
tycles per second, and the results were photographed, The resuits
for six, fifteen and twenty cycles per secoud are siown io Figure 6,

Further improvement of the camera galvanometer pen could be
achieved by using & mirror galvasemeter, iiowever the spikes saen
on the amputee accelero rams are seen guite well in the movie, and
these splhes are in the order of forty cycles per second. It should
be noted that the loss of frequency resposse is in the low Irequency

rather than in the igh freguency range.
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. Brocedure for taking a record

The subjects were instructed to walk on a metal plate as
naturally as possible, and at the end of walk, at each end of the
plate, to tura elways towards the camera, This was doae to prevent
the trolley wires from becoming knotted. The hael and toe
contacts were firat nppiim!. The Mél contact { one half inch wide)
is placed in the ceater of the heel extending the length of the heel
and the toe contact is located along the inner aspect of the shoe sole
approximately one centimeter irom the border of the widest diameter
of the shoe and extended to the tip of the shoe. Attachment was
secured by means of Weldwood, The shoe was next outlined with
white tape, 80 that a clear definition of the shoe could be seen in
tae movie,

The clecirodes, made pf copper and 30 mm in dlameter, were
then applied to the body, The muscles were palpated and the area
overlying the :nuscle was rubbed with electrode paste uniil an arythch
was produced. Tihe skin was then wiped free of the paste and tae

electrode with 2 small amount of paste applied was secured to the area
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with an Ace bandege, The ground electrode was applied to M‘Mmm
just under the urablcus aiter preparing as described. mmm»
were applicd over the gluteus masimus, quadriceps, gastrocnemius, and
the tildalic anterior muscles,

A pair of strain gauges, mounted on alumaium strips attached to a
fiberboard base, were then {astened to the legs by means of elastic
straps. Lastly a chest bosrd was applied in which was inserted the
ﬂz:‘%l strain g#ugg properly oriested. All of the leads from the legs
and aﬁzw contacis were then secured to the back of the subject under a
wide band belding the chest board to the subject. The subject was then
instructed to walk over the metal plate in order to become at case in the
experirnental setup. After a final check of all components the paper was
sel Lo run at n speed of 30w par second and a recording was started.
Uuriay walkiag the cumera motor was .5 started and after allowing a
few fect of film to run through the camera, the loot switch was depressed
which indexed the film and recori as previously described. After the
desized portion of the walk Lad beesn recorded, the foot switch was

opencd and tue camera was slopped, Therefore, the first and last frames
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Figuve 5

Jae frame of the movie enlarged to show details,
Wide beam on the left is the light from the reflex
flood as it iy being projected through the narrow
slit, solid black line in the wide beam is the
accelerogram, sigoal lamps are above and in
frout of the subject,
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Figure 6

Strips of film taken from a movie of
the camera galvanometer pen.
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of the film which show the middle signal light operating is the

portion which corresponds to the mark by the ink writer galvanometer on
the record. Usually 100 feet of film was taken for each subject.
E. Reduction of data:

The film and the indexed oscillographic record are matched. The film
is then projected in an ordinary Bell and Howell projector with the clutch
inactivated and the drive and takeup pulleys removed so that the movie
can be examined manually frame by frame.

The projector is then aligned so that the top and sides of the frame will
be projected parallel and perpendicular, respectively, to one square of a
ruled one inch graph sheet which served as the screen. The distance of
the projector from the graph sheet is placed so that the projected image
of the subject's legs will be approximately two inches in height on the
paper. The legs were then carefully traced on the graph and the last
line of the grid was chosen arbitrairly as the reference line‘for the
accelerogram trace, Figure 5. The trace as noted in Figure 5 covers the
six inch square of the grid and again the inner aspect of the trace was
chosen for the reference point. After the sequences had been drawn

(usually 60 to 80 frames) the zero base line of the movie accelerogram
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wasg then established., The baseline of the written record was found by
measurement with a pair of dividers, This measurement was taken as
the line drawn by the pen when no current was flowing into the
galvanometer. Next the points were found where the accelerogram
crossed this baseline., These points were then measured from the time
the camera .igna.i activated the galvanometer and computation was done
on the basis of 2,13 frames per millimeter of record. This frame where
such crossing occured was then noted on the movie accelerogram and
after several such determinations the zero baseline was drawn on the
traced movie accelerogram, In order to visualize the deflection of the
accelerogram, each point of the traced movie accelerogram was
enlarged five times. L.astly the entire enlarged trace for purposes of
photography was reduced by one fifth by means of a suspension
pantograph. This reduction was carried out so that the trace could fit
on two thirty inch joined sheets of ruled one inch graph paper. Thae
figures that corresponded to the important deflections were then placed
on the reduced graph and the entire layout with frame numbers and time

intervals indicated was reduced by photography to give the figures such
as are shown in Figures 12,13, 14;15,17 and 18,




EXPERIMENTAL RESULTS

The vertical acﬁclemgum is characterized by two upwaré'
deflections. Figure 7, % and 16 show normal vertical accelerograms
as described above obtained by ink writer galvanometers. The major
deflection (2) as will be shown later in the discussion, occurs during
the double support period, Figure 12, 133 and Figure 13, 59. The
minor deflection (b) occurs at the termination of the double support,
Figure 12, 147 and Figure 13, 75.

The leg acceleragram consists of au initial sinusoidal curve
followesd by a spike, Figure 7. The initial deflection corresponds with
the time ef the swing phase Figure 14 { 87-99) and Figure 15 ( 21, 23,
38). The heel contact occurs at 114 Figure 14 and 51 in Figure 15, and
initiates the sharp spike,

The accelerogram of the prosthetic leg of the above knee amputee
is similar to the normal leg accelerogram described above except
during the swing témre is a sharp spike. Figures 17, 196)and 18,

{ 72-73) of above knee amputees show these diphasic spikes. Tuey are
caonsiderad o be due to the locking of the prosthetic kuee., Figure 17,

3%
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217 also shows additional spikes which occurs after tue reft |
prosthetic heel has coutacted the iiuei while Figure 1%, 95 shows
additional splices occuring prier to heel contact, These points will be
developed later {n the discuasion.

The gluteus maximus becomes active just prior to heel contact and
continues its activity, but with no clearcut termination until after the
heel leaves the floor, Figure 16, This action slows down the velocity
of the swinging ieg and aids in the flexion of the hip joint.

The quadriceps is active during the stance phase and a portion of the
swing phase, Figure 9. Its activity during the stance phase is to
stabalize the knee joint and its activity during the swing phase is to
extend the knee or prevent flexion due to inertia.

The tiblalis anterior is active during both the swing and stance phaae,
Figure 16, Its greatest activity begins just prior to heel contact and
persists until heel departure. The activity during the swing is for
dorsiflexion of the foot and to prevent the toes from striking the floor as
happens in foot drop. The activity just prior to heel contact is to

stabalize the aunkle, while the activity after heel contact is to prevent the




fgot from slapping the floor,

Tie jastrocnerius contracts iromediately after the heel contact
aad continues uatil tov departure, Figure 9. Its pesk of activity is
during the double support phiase and so it is the principle muscle
responsible for the major defloction of the vertical accelerogra:s,

The duration of the muscle activity of the normal leg of the amputee
versas that of the nornal individual is prolonges ia the jastrocnemius

and guadriceps, Figures 10 and 11.
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Normal accelerogram
Graph is read from left to right
"a* indicates major deflection
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ih indicates minor deflection
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Accelerograms as recorded by the galvanometer
ink writers from two normal individuals.
Graphs are to be read from right to left,
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Figure 9

Normal accelerogram and electromyogram
R. leg and L, leg are accelerograms
Graph is read from right to left
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Accelerggram and slectromyogram of right above knee amputee

R. leg and L., leg are accelerograms
Graph is read from left to right
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Acceleragram and electromyogram of left abnve knee amputee

L. leg is an accelerogram
Graph is read frora left to right




Figure 12

Vertical acceleroyra: of a normal subject
Hombers rvefer to rnovie film frames

"a" and b refer to major and minor
deflections, respectively,

TR and "LY refer to rijiut and left leg
Lines under the fvet represent heel and
toc contacts,

“raph is read from laft to right.







Figure 13

Vertical accelerogram of a normal subject
Numbers refer to movie film frames

*a" and "b" refer to major and minor
deflections, respectively,

“R" and "L" refer to right and left leg
Lines under the feet represent heel and

toe contacts,

Graph is read from left to right.
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VERTICAL NORMAL SUBJECT (BZ)

100ms.
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Figure 14

ey sccelerogram of a normal subject

Lines under feet represent heel and tos contacts
TR" and "L" refer to right and left 1o, respectively
raph is read from left to right,
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Figure 15

ey accelerosram of sormal subject

Lines under feet represent heel and toe contacts
"R and "L refer to right and left ley rospectively
uraph is read frov: left to right,
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Figure 16

Normal acceierogram and electromyogram
Graph {s read from leit to right.
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Figure 17
Lieg accelerogram of above knee amputee
Lines under feet represent heel and toe contacts
"R" and "L" refer to right and left leg respectively
Graph is read from left to right .




/L
NQ{W/

JAY(
==

JAY
i(ﬁ\; mi&




55

Figure 18
Leg accelerogram of above knee amputee
Lines under feet represent heel and toe contacts
"R" and "L" refer to right and left legs respectively
wraph is read from right to left,
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LISCUSSIUN

A. Normal vertical accelerogr&m

The vertical acceleration curve as obtained by wire strain gauges is
comparable to that of Braune and Fischer (1895). However their curves
are smoother than those shown in this study, The accelerograms: of
Bernstein are also smooth but show an additional deflection at the peak,
Figure 19, Since both ucelero;gumé (those of Braune and Fischer and
Bernstein) having been obtained by double differentiation, they would not
show the small deflections noted in Figure 7, Liberson (personal
communication) states that the vertical accelerogram is identical to that
obtained by him using the plezoelectric quartz method. Therefore the
curves presented here are believed to be true vertical accelerograms,

In Figures 7, 12, and 13 the vertical accelerogram consists of a
major (a) and a miner (b) deflection for each leg. The major deflection
occurs at the onset of the double support Figure 12, 133 and Figure 13, 59
and the minor &cﬂacﬁon_ occurs at the end of the double support Figure 12,
147 and Figure 13, 75,

An exarnple will serve to clarify the above and amplify the situation.
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V Complex ‘
% \/
Stance | | Swing | _____.
D v s e
|swing |_| Stancel_
s = [

Figure 19

Vertical Accelerogram (Tracing from Bernstein)
V complex refers to Vertical Accelerogram

A, Major and B, Minor Deflections

D and S refers to right and left legs, respectively.
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The heel makes contact with the floor and this point coincides with the
major deflection, Figures 12 and 13, 133 and 59, vespectively. At the
time the beel makes contact with tae floor the toe of the opposite le; is
still in contact with the floor and is pushing the body forward as first
noted by Aristotle and the Weber brothers. Therefore the body s in
the double support period.

Confirmation of the above is given in Figure 12 (132+143) and Figure
13 (59,69). The miner deilection coincides with tie toe departing from
the floor which corresponds in respect to time io the ead of the double
support, Figure 12 (146-147) and Figure 13 (72-75). In Figure 13, 55
the left leg is in the period of stance and the right leg is ia the swing
phase, The right then rmakes contact with the floor(59) and this point
coincides in respect to time with the major deflection. The double
support then will be in eifect during the major deflection (a) and a portion
of the minor deflection,
B. Normal leg accelerogram

The normal leg accelerogram is characterized by the initial
sinusoidal curve followed by a sharp apike, In ﬁwﬂ&. 87 and Figure 15,

26 the rising deflection corresponas with the time of the departure
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of the foot or the initiation of the swing. At 114 and 51 in Figures 14
and 15 respectively the heel of the swinging leg contacts the floor re-
sulting in the sharp diphasic spike. ’The descending portion of the
sinusoidal curve oceurs in the midswing, 39 and (99-113) in Figures 15
and 14 respectively,

The minor deflection of the vertical is correlated with the smooth
rising deflection of the leg accelerogram or the sinuscpidal portion of
the swing. The finding of a sinusoidal acceleration curve in the leg
accelerogram would lend support to the Webers (1836) that the leg
obeys the laws of the pendulum during the swing.

The large smooth deflection seen in the leg accelerogram correspondg
approximately with the minor deflection seen in the vextical
accelerogram (See Figure 7). ' The leg which is responsible for the leg
accelerogram is not the leg which causes the deflection seen in the
vertical accelerogram. The upward deflection of the wertical
accelerogram must necessarily be caused by a leg that is in contact with
the floor., The strain gauge, as will be recalled, is mounted for the

former accelerogram recording on the chest, Although a swinging leg,
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because of the moveable pelvis, may cause some change in tfm vertical
accelerogram, most of the vertical accelerogram must be caused by the
stance leg. The swing can be correlated with the vertical accelerogram
by observing the heel and toe contacts and departures.

The leg accelerogram is primarily recording the swing phase of the
gait because the strain gauge is mounted on the leg and records only
angular acceleration. Even though, it is true that the angle of the stance
leg is being changed and therefore should register an acceleration,
little disturbance of the baseline occurs in the opposite leg because of
the slow rate of change., Figures 14 and 15 offer an explanation for the
relatively stable baseline., Observe that in Figure 14 (37 to 114) the
stance leg does not change its angle very much in respect to a
perpendicular line to the floor. Now observe that the change in the angle
that occurs in the swinging leg is much more rapid. The time interval,
17 frames or 0.26 second, results in only 15-20 degree change in the
suucevleg but in the swinging leg the angle changes alinost twice as much)
for the leg passes through the perpeandicular at midswing 99 and by 113

is alved@y 15-20 degrees beyond the perpendicular. Thus the swinging
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leg changes 40 degrees while the stance leg does not change more than
15 degrees, in the same length of time, Note in Figuresbt and 15 the
change in angle is much greater from 87-99 and 21-39 than from 99-113
and 39-5). Therefore since the angle is changing so rapidly in the first
position up to midswing there is acceleration up to midswing then the leg
begins to decelerate,
C. Musecle Activity

1. Gastrocnemius

The relationship between the two gastrocnemius muscles will be
simplified by an illustration. If the toe is on the floor then the leg will
soon be behind the center of gravity of the body, Figure 14 (86-126). In
Figure 9 the left heel departure corresponds in time with the greatest
activity of the left gastrocnemius. The mass of the body is elevated
2nd aceelerated by this contraction which produces plantar flexion. The
mass will theti be shifted to the right leg where the process is repeated.
The overlapping action of the gastrocnemius is due to the double support
period.

2. Tibialis anterior
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The dblalis antervior is active during the stance and the ct?a phase,
idberson ('57) has interpeted the coustant activity of tois muscie as
“thds muscle seams to be constantly respoading to the changing
eavironment scomingly representiag the most corticalined musele of the
beg. Thus the feedback structures related to the aclivity of the tibialis
anterior consbitute a julding mechaniem for the eative leg. " All that
can be concluded from this study is that thc tbialie santervior is reo
sponsivle lor dovsiflanion of the foot during the gwiny phase and without
thds activity, the foot would drag the (loor, The pecond conclusion is
that the great burst of s%ﬁﬁg seen just prior to nael contact is to
stabalise the ankle while the activity seen siter avsl contact is to allow
the foot to descend smoothly to the flovr.

3. Gluteus mamimue

This rouscle is particularly active during the stance but the activity
begios juat prior o heel contact. The activity seen just prier to heel
contact bas bosn interpeted by Libersen, ('57). ihe coutvaction of the
ghuteus raxious “brings the swinglng log backwards to {he polnt of heel
strike, reversiog the overshoot.” (Beever, 18691, '03; scherb, '27) have
stated that the activity of tals muscle occurs at the beginntng of the
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double support, and Inman ('53) has stated that the activity occurs in
early stance phase, The records obtained ia this study indicate the
activity begins prior to heel contact. The iaterpetation is that the
activity of the gluteus maximus is to slow down the velocity of the swing-
ing leg and to aid in the flexion of the hip joint.

4. CGuadriceps

The quadriceps begins to contract at the termination of the swing phasé
and remains in activity during stance phase, Figure 9. Its activity is to
stabalize the knee joint during the stance (Inman '53) and to extend the
knee at the termination of the swing phase. The conclusion is that its
activity during the swing phase is to prevent flexion due to inertia, ex-
tend the knee, and during the stance to stabalize the knee joint.
. Amputee Accelerogram

Since the above knee amputee has lost an important mechanism it
would be expected that the leg accelerogram would be different. In the
initial portion of the accelerogram the curve appears to be quite normal,
Figures 17 and 18, ‘g and (50-51) respectively. However during the

swing phase the amputee evidently extends his knee resulting in the sharp
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deflection seen in Figure 17,197 and Figure 18 (72-73). Extension of
the prosthetic knee is brought about by a device called a'kick strap",
This is an elastic band which is attached to the thigh portion of the
prosthesis and extends anteriorly over the prosthetic knee, The device
prevents hyperflexion as well as aids extension of the prosthetic knee,
Some amputees "lock” the knee prior to contacting the floor with the
prosthetic heel but not all amputees carry out this maneuver in tﬁis
maaner,

In Bgure 18 if the progression of the prosthetic leg in relation to the
cane is observed the following points may be noted. At 72-73 the heel
is slightly behind the cane but by 74 the heel has advanced considerably.
The partial locking of the prosthesis must have occurred between 73 and
74. The heel did not change appreciably between 72 and 73 but one frame|
later at 74, the edge of the heel bas advanced to the edge of the cane.
To accomplish this action in such a short time a “locking” of the knee
in extension must have occurred and the accelerations seen at 73-74
adds further photographic evidence that such an extension did occur. In

94-98 the heel is progressively further and further behind the cane,
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which would lead to the hypothesis that the knee is being "locked” in
full extension, but at the same time the foot is being pulled progressively
backwards. (See gluteus maximus page 63). This observation is
supported by the acceleration curves which show a diphasic spike at
95«96 indicating a completion of the extension of the knee before heel
contact at 99,

Figure 17 shows the locking of the prosthetic knee in extension at
195-197, lHowever this represents a broader and smoother extension
than seen previously in Figure 18, At 215 the heel coatacts the floor.
Note now the appearance of three waves. This first wave occurs at
215 and is probably caused by heel contact. However the subject
evidently "locks" the knee in full extension after setting the heel on the
floor, in contrast to Figure 17 where the complete extension occurred
prior to heel contact. Thus if there is only one wave following the heel
contact, the interpetation is that the amputee is completing the extension
of the knee before heel contact has been made. The waves following
heel contact could be artifacts due to an undamped system.

The duration of the muscle activity of the normal leg of tha amputee

versus that of the normal individual is prolonged in the gastrocnemius
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and quadriceps muscles. Comparison of Fijure § with Figures 10 and
11 shows this prolongation of the electrical activity, Oue explanation

is that the long prosthetic swing causes the stance phase of the normal

leg to be prolonged.




CONCLUSIONS
t. The gait may be studied by the use of accelemmetars.r The method
is valid as determined by mathematical computation and
expegimentally in this study. Confirmation of the acceleration curves
is achieved by comparing with the curves of Bernstein and Liberson.
Bernstein obtained his curves by double diifcreutiatimx ol the -
displacement curve,
2, Combining of electromyography and accelerography plus the heel
and toe contacts aund simultaceous photography of the above allows the
simultaneous corvelation ol displacenieut acceleration and ‘muscle
action,

3. The vertical accelerogram: wiay be divided ialo a wajor and a
minor deflection. The major deflection occurs at the onset and during
the double support. The minor deflection occurs at the eud of the
daubfe support,

4. The activity of the quadriceps beygins prior to heel ceth and
persists thrpugh most of the stance phase. Its activity is luterpeted as |
ntabﬂiming the knee joint during t&;e stance and to exteund tue suce or

~ prevent flexion due to inertia duriny the swing.
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5. The activity of the tibialis anterior muscle Is seen throughout
swing and stance, Its activity is interpeted as &arniﬁemn during the
swing, stabalization of the ankle just prior to heel contact and to allow
the foot to descend smoathly to the floor after heel contact,
6. The activity of the sluteus mamimus begins just prior to heel
contact and lests until after heel departure, Its activity is probably to
check the velocity of the nﬁlug&n‘s leg and to flex the hip joiat during
the stance,
7. The use of the dual unit strain gauge ensemble allows the recording
of the angular acceleration of the leg, This accelerogram consists of
a sinusoidal deflection followed by a spike. The former is corrvelated
with the swing phase while the spike is correlated with the heel contact,
3. The amputee accelerogram differs from the normal accelerogram
described above, in that the sinusoidal curve is interrupted by a
sharp diphasic splke which is considered to be due to “locking" of the
prosthetic knee. The knee appears to be re-locked in final extension
sfter the hael contacts ths floor in seme amputees and in others the

kaee i3 locked before heel contact,
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9. A method is now avallabie for the clinician to help him in
understanding further what the aroputee is doing at any moment of the
gait and to perhaps develop better re-education programs.

10. The possibility is open for simultaneous electromyography and
displacement during the gait. ‘This would give more accurate
explanations of muscle function.

11. The technique of simultaneous photography of displacement and
acceleration is new. The technique allows the immediate correlation
of these two phenemona without resort to differential calculus. Thus
a great economy of time is realized and correlation of displacement
acceleration can be secured rapidly for any portion of the body.

12. mactically such information as simultancous displacen:ent
acceleration of the amputee may aid in the development of better
prosthesis. For example, removal of the kick strap may lead to the
elimination of the sharp diphasic spike seen during the swing., L.ocking
the knee in extension after heel contact may prove io be all that is

necessary. Such studies should be made.
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APPENUGIX 1)

Table }

Setermmination of Lifect Upon (eflection of Uravitational Force Upon
strakn Gauge loy ¢ when § equals mero,

8 Legrees sin@ « mrn deflection Lfsia ® (k)
2 u G -
30 . 500 5 10,90
45 . 701 7.1 10,04
G0 1 .00 16,9 16,400

Table 2

Ueternination of Lifect Upon Mﬁ@m of Lravitational Force Upon
straln vauge for § when & equals 90",

# egrees Cos o i o deflection fCos # (k)
@ 1.90 16,9 16.0
99 0. 000 g

-~




Toe procedurs that is used to cancel out the deflection due to
gravitational ton-ponents by counecting the two strain gauges in
spposition is as follows: (Rocedure to be used wit: Urass Force
slsplacement Srain Gauges, ¥5 Ampllilers, P8) Preamplifiers and
Ink Writer Jalvanoeters.)

k.
&

3.

6.
7.

im

2

B

18,
i

iz,

13.

18
APPENDIX 111

Piace straln gauges in position & eguals sero (critical) and &
eguals sero.
Use the circult as shown in Figuve 21; place a milliameter in
sevies wits the clrowit,
Set “oviver ampilfier’ (beresalter called the driver), to “cal”
position, ‘
&, Lriver #l to "up cal”
B, Oriver #2 to “down cal”
Turn off loggle switeh to galvansometer of deiver §2; Tura on
toggle switeh to galvangmeter of driver #1.
et 3/2 amplitude irequsuey to 60,
Turn oa powey switeh to writer,
Adjust the baseline control kuob of driver #1 to 0 milllamps
{barealter abbreviated Ma).
N ote: vooltor oa 190, 10 and 1 a seales. If the ] Mia scale is
aeglected conslderabie arror will be realized at sensistivity
sclected,
Turn on teggle switch to "damping network” of deiver ¢ 2; Tura
off toggle switcl to driver §1.
Adjust bie baseline of Lriver /i to U Lia by repeating above steps.
Turns ou both toggle swiltches, Repeat steps 4-10, Note: It is
very bmporiant the rost of the procedure be carried out with
both foguie switohes left undisturbed, L. e,, "ou’ position,
bronergs «2006 willivolts (bereniter abbreviated av) ou driver #1
Adhurt the driver seasitivity coulrol to give o dellsotion of 1000,
{12.6 Ma) Kopeat tols step for driver §1,
Lnpress «200 ov sigasl of both deivers simultancously; no residual
i@ should be recorded, I so repeat staps 1«13 inclusive.




14,
15,
16.
17.

15,

19,
20,

2%,
22,

22,

24,
28,
26.
7.
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Turn driver polarity switch to “use up”. Set sensitivity coatrel
to 0,1 rav/em, Keep driver #2 on "cal down" position.
Adjust with millivolt potentiometer of the preamplifier (bereafter
abbreviated preamp, } until no current is recorded on preamp. #1.
Turn strain gauge through 90°.
Adjust “cal adjust’ control of preamp. {pr 2 19 mm deflection
(12.6 Ma).
Return strain gauge to @ equals 0 and ¢ equals 0,
Readjust if necessary repeating steps 14-17, as there may be
interaction between adjust contrel and the millivolt patentiometer,
Tura driver #Z polarvity awitch to "down use” and driveril to
"up cal" position.
Repeat steps 15-19 for preamp, and driver #2.
Place both strain gauges in position ¢ equals 0 aad ¢ equals 0,
Turn both drivers to “use” position,

A, Driver #1 to "up use”

E. Driver #2 to "down us2”
The curreut should be 0 a,
Tura the strain gauges to 90,
The current should be O,
The straln gauge s are now ready to be used to rneasure angular

acceieration,
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PREAMPLIFIER no.l DRIVER no.|

no.l Al

Y
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PREAMPLIFIER no.2 DRIVER no.2

no.2 V|

CIRCUIT FOR CONNECTING STRAIN GAUGES IN OPPOSITION

Figure 2}
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A CORRELATIUN OF DISPLACEMENT, ACCELERATION
AND MUSCLE ACTION DURING THE WALKING
GAIT OF NORMAL INDIVIDUALS AND
ABOVE KNEE AMPUTEES
Abstract
by
Albert A, Halls

A new method of simultaneous :;hoteguphy of displacement and
acceleration of the subject at any moment of the gait is described,
Normal and above knee amputee subjects were exarmined by this method.
Twenty normal and twenty above knee amputee subjects were first |
examined by electromyography and accelerography. The vertical
accelerogram was recorded by the use of a wire strain gauge. To
eliminate the vector component due to angular rotation the strain
gauges were connected in opposition to measure leg acceleration.

Two amputees and two normal subjects were selected from above
categories for intensive study of displacement and acceleration by
ai’mulﬁnaoﬂs photography. Also muscle uctlo# was recorded
simultaneously with the accelerogram,

‘The vertical acceleration curve consists of two upward deflections,
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a major and a miner. The major deflection occurs at the onset of the
double support. The minor deflection occurs at the end of the double
support,

The normal leg accelerogram consists of a sinusoidal mﬁh{eh is
termineted by a sharp spike. The sinusoidai curve is correlated with
the swing phase of the leg and the spike is correlated with heel contact
of that leg.

The major deilection of the vestical meel§mgﬂm is correlated with
the sharp spike of the leg accelerogram and the minor deflection of the
vertical accelerogram is correlated with the sinusoidal curve or the
swing phase.

The electromyogram is dynamically analyzed during the gait. The
gluteus maxi:nus begins to contract prior to heel contact and its
activity continues until after heel departure. Its activity is iaterpeted
as slowing down the velocity of the swinging leg and flexion of the hip
Joint. The quadriceps begins to contract prior to heel contact and
continues through most of the stance pbase. Its activity is interpeted as
extending the knee or prevention of flexion due to inertia &tu'm the




83
swing and to stabalize the knce joint during the stance, ‘I’hé tibialia
anterior contracts during the swiug and stance but the greateat burst
of activity is seen prior to aad aflcr beei contact. Its activity is for
dorsifiexion of the foot during the swing to prevent the foot {rom
drazging: on the floor; stabalization of the ankle joint just éﬁar to heel ’
countact and to allow the foot to descend smoothly to the floor afier heel
contact. The gastrocnernius begias its activity at heel contact and
continues its activity until toe departure. Its activity is responsible
for most of the rcajor deflection. Its activity is interpeted as plantar
flexing tie foot and thus clevating the mass ot the body.

The leg accelerogram of the above knee amputee has a sharp
diphasic spike during the swing which is cousidered to be due to
“locking) of the knee in extension. An adaitional series of spikes
eccurs in some amputees prior to acel coutact while in others these
spikes occur after heel contact, it is coacluded from the evidence
presented by simultaneous photography that in the former group the
knee is apparenily locked in final extension after heel contact while in

the latter group the prosthetic knee is locked prior to heel contact.
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The muscle activity of the amputee differs from the normal in that
the activity of the gastrocnemius is prolonged. This has been
interpeted as & prolongation of the prosthetic swing thus lengthening
the time the subject is on one foot,
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