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Movement Selection

In order to maximize the stopping action of the
antagonists, the movement selected for this investigation is
classified as class B according to the classification scheme
of Bailey and Presgrave (5). Class A movements are defined
5s those stopped by impact with an object. Class B move-
ments are those stopped by antagonistic muscle action. The
selection of forearm flexion also satisfied the character-
istics established by Wilkie (100): (1) a geometrically
simple joint, (2) a limited number of muscles, each having a
smali origin and insertion, (3) exerts no effect on the rest
of the body, and (4) involves light skill, i.e. easily
replicated. Lagasse (54) and Wolcott (103) both studied
forearm flexion with the upper arm abducted at right angles
to the body and in line with the shoulder. The termination
of the movement differed in that Lagasse investigated a
class B movement, while Wolcott investigated a class A move-
ment. The availability of previously used apparatus lead to
the selection of forearm flexion in the sagittal plane,
rather than the horizontal plane. This decision subjected
the rovement to the influence of the force of gravity. This
consequence was recognized and acknowledged as a limitation.

However, gravitational influences are indigenous to human

morvemnent and, therefore,it was not a limitation which
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necesitated compensation (103).

Semi-pronation of the hand was used as the testing
position, in agreement with Lagasse (54) and Wolcott (103).
This position was used in all phases of testing, as it was
considered the most comfortable and controllable for all
subjects.

The forearm was resting on a stationary block, flexed
te arn angle of 1€0 degrees with the upper arm, at the start
of each speed of movement trial. The upper arm was extended
forward, in line with the shoulder, forming an angle of 90
degrees with the trunk. From the starting position, the
subject was required to flex through at least 70 degrees and
to volitionally stop at a target placed at 90 degrees(see
Fig. 1). Since this investigation was interested in
maximizing the action of the triceps, the subject was
required to flex his or her arm as quickly as possible
without overshooting the ninety degree target. The target

was flexible and the subject was not physically prevented

from overshootinc ninety degrees.
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Movement Apparatus

b Apparatus previously used in investigations by Lagasse
{54) and Wolcott (103) was modified, whenever necessary, for
this 1investigation (see Fig. 2). The monitoring apparatus
L. was attached to the top of table which in turn was secured
to the floor. A light weight piece of pine wood, 50 cm. in

iength, 3.5 cm. in width, and 2.5 cm. across the top, formed

the lever arm. The lever arm was reinforced with two strips
of aluminum attached to the top and the bottom. The base of
the wooden lever was attached to an axle mounted in
@ssentially frictionless o0il bearings. The middle section
of the bar was slit to allow for the adjustment of the wrist
cuff and the placement of the inertial loads. The wrist
cuff was secured to the inside of the bar, facing the
subject's arm, via a wing nut assembly. The inertial loads
were also securec, beside the subject's arm, via a wing nut
assembly. A wooden block was shaped and secured to the
table top, such that when the subject's arm was flexed to
160 degrees, the wooden lever rested on the block. A second
wooden block was shaped and secured to the table top, such
that when the subject flexed to 90 degrees, the wooden lever
arm contacted a flexible rubber target attached to the

wooden bleck.
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When the wooden lever arm was lifted from the starting
block, a microswitch was released thus closing a circuit and
initiating a clock counter. When the subject reached 90
degrees of flexion, A second microswitch was activated,
thereby opening the circuit and stopping the clock counter.
In this way, the clock counter recorded the time elapsed
during 160 to 90 degrees of forearm flexion. An ad-iistable
chest rest, adjustable stool, and an adjustable safety belt

were used to properly secure the subject and insure the

testing position was identical across all subjects.
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Maximum Speed of Movement

Do}
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o

Movement time as recorded on the clock counter served

as a measure of the maximum speed of forearm flexion through
the first 70 degrees of flexion. During the actual exe-
cution of the speed of movement trials, the analog displace-

ment recordings clearly showed the subjects' inability to

LAY I
AR

terminate the movement at 90 degrees of flexion. The extent

1] '.‘ .

cf the overshoot was calculated and will be reported 1in

@]
oy
o

pter 4. Henceforth, movement time will refer to the time

]

lapsed from the onset of movement to the maximal

iisplacement of the forearm.

Assignment of Resistance for Speed of Movement Trials

As discussed by Wolcott (103), any investigation into
the effect of inertial loading upon the maximum speed of
mcvement must insure that the loading is identical for all
subjects. The variation in limb lenath must be taken into
consideration. Stothart, as reported by Ward (97), used
l1ight weights and maximum distances from the elbow, to
simu_ate 2 or 3 times the natural moment of inertia, as load
cond:ticns. He veported a decrease in velocity as the locad

increased.  Ward (97) followed by using light weicghts at
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long distances and heavy weight at short distances, such
that the mathematical calculation of mk? was equal. Each

multiple of the natural moment of inertia had a short and a

long equivalent. The results indicated a significant e
difference between velocity under short and long loading o
conditions. The velocity was greater with the longer il
lcading position. This investigation employed the same
weignht for all subjects and varied the applied distance to -]
produce the required multiple of the natural moment of e
inertia. RS
Load conditions were calculated for each subject, -@J
specific to the inertia of his or her hand and forearm "
segqment, therefore, the loads were mechanically equivalent G
for all the subjects. The moment of inertia of the forearm
and hand, about the axis of rotation, was calculated
according to the procedures outlined by Plagenhoef (73). N
The mass of the forearm and hand was calculated using body T
segments as a percentage of the total body weight and using e
established specific gravity values (73). Multiples of the
natural moment of inertia were designated as Load 1 and Load
2. The increase in the natural moment of inertia was
achieved by attaching a constant known mass to the subject
via the wooden lever arm at a calculated distance from the el

axis of rotation (103). Oy

The wrist cuff assembly had been found to be egquivalent




activity from the triceps brachii.

Electromyographic Apparatus

Biocelectric activity was transmitted via silver-silver
chloride surface disk electrodes to a Techtronic Two Channel
Storage Oscilloscope and a Beckman (type R) Dynagraph
Recorder. (Instrument specifications may be found in Appendix D.)

All time relationships between the onset and the
termination of bioelectrical activity and elbow displacement
were read directly from the oscilloscope and/or dynagraph
paper recordings. Prior to all testing sessions an ohm
meter (Monarch, Model MP 200 volt) was used to determine

skin resistance, below 10k ohms was considered acceptable.

Acceleration-Deceleration Timing Apparatus

The apparatus used to measure the motion parameters was

a redesigned version of the apparatus used by Wolcott (103)

and Lagasse (54). A potentiometer was encased in a control —
box and was attached to the axle at the base of the wooden :tﬁ
'.‘:-.
lever. The potentiometer monitored the angular displacement :}$
-'-.-
of the lever arm and the attached forearm. The angular dis-
o
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placement signal was electronically differentiated once to
give a measure of limb velocity and a second time to give a
measure of limb acceleration. The circuitry was designed to
initiate a clock counter with the onset of acceleration and
to terminate when acceleration was again zero. Thus the
clock counter recorded acceleration time or the time to the
point of inflection. Since zero acceleration is synonymous
with peak velocity, with respect to time, the recorded time
was also a measure of the time elapsed from movement
initiation to peak velocity.

The apparatus allowed for instantaneous ditigal
measures of the time parameters and also allowed for analog
recordings of the displacement, velocity, and acceleration

curves on the Beckman (type R) Dynagraph.

Agonist and Antagonist Fatigue

Fatigue was induced isometrically in the forearm
flexors and extersors in agreement with the protocol estab-
lished by lLagasse (54). During flexor fatigue, the forearm
was positioned at an angle of 160 degrees with the upper
arm, which was at right angles with the trunk. The position

for flexor fatigue was precisely the same as the starting

position for speed of movement trials, also previous studies




{54, 59, 103) have shown the flexors exhibit the greatest
bioelectric activity at the start of forearm flexion.
During extensor fatigue, the forearm was positioned at an
angle of 90 degrees with the upper arm, which was at right
angles with the trunk. This position was selected to
maximize the effect of fatique over the range where the
extensors exhibit the greatest bioelectric activity during
forearm flexion (54, 103). During concurrent flexor and
extensor fatigue, the forearm was positioned at an angle of
125 degrees with the upper arm, which was at right angles
with the trunk.

Extensor and flexor fatigue was induced using two
regimens, 5:5 and 5:10. The 5:5 regimen required the
subject to perform a five second maximum voluntary con-
traction followed by five seconds of rest. This was con-
sidered a high intensity Zatigue regimen primarily affecting
phasic muscle fibers. The 5:10 fatigue regimen required the
subject to perform a five second maximum voluntary con-
traction followed by ten seconds of rest. This less intense
fatigque regimen was expected to primarily affect tonic
muscle fibers.

The concurrent flexor and extensor fatigue regimen was
designated as 5/%5:0, that is, 5 seconds of maximal con-
trac<ion of the elbow flexors followed by S seconds of maxi-

mal ~ontraction of the elbow extensors. The cycle repeated
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without a rest interval. Thus, theoretically, a state of ﬁ
N
fatigue equivalent to a 5:5 regimen was induced concurrently E'
in both elbow extensors and flexors. 'a:
"D
o
£
Maximum Isometric Strength Assessment 25
Maximum isometric flexion and extension strength was ti
assessed via a calibrated strain gauge. The wrist cuff }?.
® assembly allowed for the positioning of a rigid steel bar 2
between the cuff and the strain gauge housing. Exertion on E§
the strain gauge was transmitted to a Beckman (type R) ;?4
o dynagraph and recorded on chart paper. During the assess- "
A
ment of maximum isometric strength, the lower arm formed an Eé
angle of 160 degrees with the upper arm, which was at right E;E
angles with the trunk. During the assessment of maximum s
1sometric extension strength, the lower arm formed an angle i%i
0% 9C degrees with the upper arm, which was at right angles 3;
o with the trunk. 1In all instances of strength assessment, _\
the strain gauge was positioned normal to the forearm. $§
(N
Two types of maximum isometric strength were assessed, ;ﬂ
T

hd a maximum voluntary contraction (MVC) required the subject
to build up to a maximum exertion and hold for a total of
five seconds. A fast maximum voluntary contraction (FMVC) o

required the subject to explosively generate a maximum J




exertion, which was terminated after a plateau was observed I

on the Beckman dynagraph recording. )

:'.:' "
Y S

) l"'.. .

“.'.'-‘.
PR
.

’
.

o

NI
s 0
‘e’

LWL LY

/!
s N

r
et .
s
.

¢!

. e uTe e . e e U . -

IR sty t ettt O
WO PP,

- -.." R P .
BRI . S LSRR ARV,




RN SO Dt A e S b T A i Tl S Nk Bt Jo AN i e AU s e g ie b iur e, g we e Bie &iar 2o o o

Testing Procedures

F Preliminary testing procedures., During the intial testing
session, the subject's personal data was recorded: age,

weight, and the length from the olecranon process to the

ulnar styloid. The distances for Load 1 and Load 2 were
calculated and recorded for subsequent sessions.

The skin surface on the biceps brachii and the triceps
brachii was prepared following the generally accepted proce-
dures of Walthard and Tchiacaloff (96). Five silver-silver
chloride surface electrodes were prepared with conductive
gel and adhesive collars. The pick-up electrodes were
placed on central locations on the biceps and triceps. The
reference electrodes were placed one to two centimeters
distal to the pick-up electrodes. The skin over the right
clavicle was suitably prepared and the ground electrode
affixed to it. The resistance between the electrodes was
measured with an ohm meter, readings below 10k ohms were
deemed acceptable.

Following electrode placement, the subject was escorted
to the testing table, where instructions regarding susequent
procedures were given and the speed of movement apparatus
was demonstrated. The apparatus was adjusted to place the
subject in the proper testing position. Chest against the

chest rest and the upper arm forming a right angle with the

trunk, as the forearm rested on the table. The wrist cuff




assembly was secured around the subject's wrist and a seat
belt was secured around the subject's back. The subject was

then ready for testing.

Isometric strength testing. The subject was readied for

either extension or flexion isometric strength assessment,
as previously described (page 69). The subject performed
alternating fast maximum voluntary contractions (FMVC) and
maximum voluntaryv contractions (MVC). On signal (ready pull
or push), the subject exerted and maintained an MVC for five
secords followed by a one minute rest interval. The fast
maximum voluntary contraction was held until a plateau was
noted on the dynagraph recording. The subject was
instructed to exert maximal efforts on all trials. Both the
initial muscle group tested and the initial type of maximal

contraction were alternated across testing sessions.

Speed testing. The subject was readied for maximum speed

of forearm flexion as previously described on page 71. All
clock counters and the storage oscilloscope were cleared
prior to each trial. The signal given to each subject was
"ready, go". On "ready", the drum mechanism of the Beckman

dvnagraph was engaged to the proper recording speed. On

"go", the subject flexed his/her forearm to a target at 90
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degrees as quickly as possible. Flexion triggered micro-

switches which initiated two clock counters and the storage
oscilloscope. If any recording apparatus failed, a
mis-trial was declared and the trial was repeated. At the
end of each trial, all the measurements were recorded and
the subject was instructed to return to the starting
position.

Speecd of movement trials were given in blocks of
fifteen trials (see table 1). Resisted speed of movement
triaxs differed only in the addition of a known mass to the

wooden lever at the appropriate calculated distance.

Selection of subjects. The subjects for this investigation

were selected from the undergraduate and graduate student
body at the University of Massachusetts/Amherst. All the
subjects were right-hand dominant. Medical clearance from
the University Health Center was obtained for each subject
and consent forms (Appendix C) were signed and witnessed in
compliance with the Human Subjects Review Committee.
The determination of the adequate sample size for

devection of meaningful differences was computed based on

data obtained from previous related studies (54, 103).

- . c e gt .- LIPS N T
I e UL IO




AR

A R N

rynrrgrarge gy

B W I S A R SASI |RERER
e
g
% X X X X X . (1) NOISNALX4d !
X X X X X X (1) nNoixddd
..IU.>I.Z..m ...;
LSd1 40 dNd
X X X X X X (€) ¢ avo1
X X X X X X (¢y 1 avotl
X X X X X X (€} o avo1l SIVIML
INAWAAOW A0 QIdIAdS WNWIXTW
X X X X X X {1) NOISNALXI
X X X X x X (1) NOIX3Td
TOTATHT A
ANOILYd LSOd
X 0:6/9
X 01:6
X G:g NOISNALXI
X 0:6/¢%
X 01:¢g
X -6 NOIXd1d
IR INA £
X X X X X X X X X X (G1) ¢ avo1l
X X X X X X X X X x (q1) 1 Qv0o1l
X X X X X X X X X X (S1) 0 avol STIVIdL
INAWIAOW 30 QdddS WAWIXVW
X X X X X X X X X X SHAOYLIdTd
X X X X X X X X X X {z) NOISN3ILXJd
X X X X X X X X X X {z) NOIXJT1d
TOTATKHTA
X X X X X X X X X X (Z) NOISNILXd
X X X X X X X X X X (Z) NOIXTTA
TOTATH
01 [ 8 L 9 S ¥ t Z 1 SAvVd

7000504d TVINIWIYAdXd dHL 40 NCILVINASIddHY DLLYWIHOS

1 d18vd

[
.
.
e
e
ﬂr
\




AN N i ML NI NN NEAMCENE M S, At AR s SC adi el g o I MR il A R s (A AR A < Coaicn

.
oo

[
NS
2]
:-J;
e
24
® e
Experimental procedures. The total sample for this ,:uf:
n-‘¢.
investigation was twelve men and twelve women, all '.'_-::'
..:...
right-hand dominant. Each subject reported to the Motor K
®
Integration Laboratory, University of Massachusetts/Amherst, _}u‘-}
R
for ten testing sessions. Each session was approximately 90 :-‘_'{
Wy
minutes in duration and occurred at time intervals which N
e
‘ minimized diurnal effects (103). The first five testing oS
days were consecutive, thereafter, a twenty-four hour rest "
interval could occur between the remaining five testing "-\.
® :
days. .
The following variables were monitored during each :-l::-_
testing session:
® 1. bioelectric activity from the biceps brachii and ,,
the triceps brachii; Ij::::
2. maximum speed of forearm flexion Z‘_-:f.:
a. unresisted (LO) -
b. resisted, two conditions (L1, L2); ::_'_"-\
3. acceleration time for forearm flexion; e
-t
L 4. maximum voluntary isometric elbow flexion strength i
a. fast maximum voluntary isometric elibow ::_f:
flexion strength; and s
S
v 5. maximum voluntary isometric elbow extension strength I
R
a. fast maximum voluntary isometric elbow extension :‘t
» <&
strength. ;\:.
N
. . Y
@ Baseline measures were recorded during each session for I
L
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RN R N R R S AT S o R S
LA;‘L;-A‘A;{ PO SN SR P S SAP PR PRI W R AP S Sy IR S BRI




the following parameters:
1. movement time
b 2. biceps motor time
3. triceps motor time
4. time to zero acceleration
le 5. biceps to triceps latency
6. time to the second burst of the triceps muscle

7. MVC (isometric) elbow flexion

8. FMVC (isometric) elbow flexion

9. MVC (isometric) elbow extension
10. FMVC (isometric) elbow extension S
All baseline measurements, with the exception of o
lsometric strength assessments, were obtained during the e
three blocks of fifteen speed of movement trials. The first '$
four testing sessions consisted of three blocks of speed of ;\~
movement trials, one at each level of resistance. Maximum N
flexion and extension isometric strength were also assessed. R
On the last six testing sessions, following baseline e
measurements, one of six fatigue regimens was imposed. Upon
ccmpletion of the fatigue regimen, strength assessments
{FMVC) and three trials at each resistance load were recorded. :E-
Prior to each blcck of three post fatigue speed of movement .

trials, the subject was re-fatigued (sustained MVC) to the

Veans
s

o
ot

v
]

level present at the end of the fatigue regimen. After the

e
Y

post fatique speed of movement trial, FMVC flexion and

e e eie e .
T RS ..
- - L] - 'q‘ -
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extension were assessed. All conditions of fatigue and

resistance were balanced across subject (see Table 2).
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ANALYSIS AND INTERPRETATION OF THE DATA Sy
l\-.
AW
® The data collected during this investigation was )
statistically analyzed in an attempt to answer the following ?:
guestions. ?ﬁf
° 1. What mechanisms, of those under investigation,
were affected by the imposition of resistive R
loads? o
2 Was the response to the isometric fatigue regimens ;f
1dentical across all resistive loads? 5
3. How was the maximum speed of forearm flexion E}
affected by the fatique regimens at each resistive i{
load? Ny
4. Were the treatment effects similar in kind and N
Vs
magnitude in both genders? o
5. Was there a preferred order of variable selection O
which would enhance the prediction of maximum o
speed of forearm flexion? Was the order of :}
selection altered by resistance conditions? ,7
F'I
Phvsical data. The means, standard deviations, and the
standard errors of the means were calculated for all the t?
ih's:ical data. :.'
N
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Baseline conditions. The means, standard deviations, and

intraclass correlation coefficients were calculated for all
criterion measures collected under baseline conditions.
Intraclass correlation coefficients were calculated as an
indication of the reliability of the measures.

Baseline data for all criterion measures was analyzed
statistically with the Split-split Plot Crossover design

analysis of variance as shown in Table 3.

Treatment conditions. A schematic representation of the

testing protocol for the treatment days is presented in
Table 2. The six isometric treatment conditions were
analyzed with the Graeco-Latin Square design analysis of
variance (22). The treatment Graeco-Latin Square analysis,
with the appropriate error terms for testing, is presented
in Table 4. Orthogonal polynomial comparisons were
computed, whenever appropriate.

A stepwise multiple regression analysis was applied
across all variables under all conditions to ascertain the

predictive power of each variable alone and in combination

with other variables.
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TABLE 3 -
P
g
i ANALYSIS OF VARIANCE MODEL FOR THE BASELINE TREATMENT N
CONDITIONS OF RESISTIVE LOADING ACROSS TEN DAYS, N = 24. ::'
L ;‘.
Degrees of NJCA
Source Freedom -
h. Whole Plot 23 s
Groups (G) 1 -
Block w/groups (B:G) 2 :Ri
Subjects w/blocks (S:BG) 20 -
@ !
Split Plot 120
Days (D) 5
DG 5
® =
DB:G 10 -
DS:BG 100
Split-split 288 .;:;I-\
° -
Loads (L) 2 .
GL 2 Pt
BL:G 4 e
N ¢
. SL:BG 40 I
DL 10

LDG 10




TABLE 4

ANALYSIS OF VARIANCE FOR ALL TREATMENT CONDITIONS
OF ISOMETRIC EXERCISE ACROSS SIX DAYS, N = 24.

@
Degrees of F

Source Freedom Ratio
° Groups (G) 1 G/B:G

Blocks w/groups {(B:G) 2 B:G/S:BG

Subjects w/blocks (S:BG) 20 S:BG/error

Days (D) 5 D/BD:G
@

Regimens (R} 5 R/BR:G

Loads (L) 2 L/BL:G

Load Order (O) 2 0/B0O:G
®

GD 5 GD/BD:G

GR 5 GR/BR:G

GL 2 GL/BL:G
. GO 2 GO/BO:G

BD:G 10 BD:G/error

BR:G 10 BR:G/error :iﬁ
¢ BL:G 4 BL:G/error W

BO:G 4 BO:G/error

Error 352

v

. TOTAL 431 [

Note: Groups, days, regimens, and loads are considered -;:
fixed effects. Blocks and subjects are con- -
sidered random effects. e




Summary

The experimental protocol employed in this investi-
gation called for the testing of twenty-four subjects,
twelve men and twelve women. Baseline data was collected
for ten days, under three inertial loads conditions, on the

following criterions measures:

1. movement time to maximal displacement;

2. biceps motor time;

3. triceps motor time;

4. time to zero acceleration;

5. biceps to triceps latency:

6. time to the second burst of the triceps;
7. isometric FMVC and MVC elbow flexion; and
8. isometric FMVC and MVC elbow extension.

On the last six days, after baseline data collection, one of
six isometric fatigue regimens was imposed. Averaged
electromyographic activity was recorded from the biceps
brachii and the triceps brachii of the right arm for all the
subjects.

The baseline data was analyzed for reliability by the
intraclass correlation analysis of variance technique. The
baseline data was analyzed for stability by the Repeated

seasures design analysis cof variance.

The six isometric treatment conditions were analyzed
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with the Graeco-Latin Square design analysis of variance. A
stepwise multiple regression analysis was applied across all
variables, under all conditions, to ascertain the predictive
power of each variable alone and in combination with other

variables. Means, standard deviations, standard errors, and

ranges were calculated for all criterion measures.
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o ANALYSIS OF THE DATA L
1

Introduction o3

S

The analysis will be presented in the following sections: f*.j

1. physical characteristics; o

H. 2. analysis of the baseline conditions; and

3. analysis of the experimental conditions. .::'.'
Between groups data were scrutinized to verify the existence or non- -'::'-"
existence of gender specific differences. An alpha risk level of .05 J;_
was declared prior to experimentation. In addition, the interrelationships
among all the criterion measures were explored. '-‘,L'_.
Physical Characteristics of the Subjects il

e

The physical characteristics of the twelve women and twelve :}

~i

men, who volunteered to serve as subjects for the present investigation, ,'::-
o {

are presented in Table 5. Mean values, pooled over the four practice

days, are reported. The subject sample included graduate and undergradusate -:'.:{
RS

students, at the University of Massachusetts, with a mean age of 22.9 years. S
Though athletically oriented students e
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AP M

were not actively selected, these subjects should be
considered well above average in their level of physical

L activity. The male subjects' characteristics approximated
those of Lagasse's (54) and Wolcott's (103) subject sample,

that is, male, right hand dominant, undergraduate and

L graduate students.

Analysis of Baseline Conditions

Mcasurement protocol effects and reliability assessments

. v .
0
»

Baseline measures were collected on each of the ten

- r
IR
Sttt

«

testing days. On experimental days 5 though 10, when one of

v
‘n
o

six fatique regimens was imposed, baseline measures were
collected immediately prior to the imposition of the fatigue
regimen. On each day, ten speed of movement trials were
rerformed under each inertial load condition. Load 0 was
equal to .9 times the natural moment of inertia about the
elbow joint. Load 1 was three (3) times the natural moment
¢f inertia. Load 2 was seven (7) times the natural moment
of inertia. The criterion measures for movement time to
maximal displacement were: movement time, acceleration time,
time to maximal acceleration, first biceps motor time, first
biceps duration, first triceps motor time, second triceps

motor time, second triceps duration, first biceps burst to

first triceps burst latency, first biceps burst to second

triceps burst latency, second triceps burst to zero
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acceleration latency, second triceps burst to maximal ﬁg
acceleration latency, maximal displacement, accuracy, slope ;;
® of the EMG for the first biceps burst, slope of the EMG for X
the second triceps burst, ratio between first biceps EMG and }}
second triceps EMG, and ratio between total biceps EMG and izf
® total triceps EMG. The criterion measures for the first _
ninety degrees of forearm flexion were: movement time,
acceleration time, time to second biceps burst, and time to

second triceps burst.

The stability of all baseline measures both across and 4:
within days was paramount to the present investigation, ;;
since the experimental effects were analyzed in comparison

to the baseline measures. Significant variance associated

wlth a days effect would confound a condition effect, while -
sign:ficant inconsistency within days would confound the pre ﬁ?
o ~

and post fatigue treatment effects. In accordance with
rrevious investigations (54, 103), which employed similar
testing apparatus, four days of practice were affored the 33
subjects to insure the stabilization of the criterion

reasures. The mean values for 10 trials for day 1 and days

4 through 10 for each criterion measure, under each inertial -
s

. load condition, are presented in Tables 6, 7, and 8. On
practzice days 3 and 4, data was collected solely from the S&
two clock counters, which recorded movement time for the Ei
L4 first ninety degrees of flexion and the time to zero o

Aacceleration over the first ninety degrees of flexion. The
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time to the second burst of activity from both the biceps
and triceps brachii was captured on the storage oscillo-
scope. The mean values for 10 trials for day 1 through day
10 are presented in Table 9.

Movement time

Significant decreases in movement time occurred over
the four practice days as shown in Tables 6, 7, and 8. The
men were consistantly fast>r than the women across all load
conditions. As the inertial load increased the magnitude
of the difference between genders also increased. The mag-
nitude of the differences between genders diminished when
the movement times over the first ninety degrees of flexion,
presented in Table 9, were compared. Figures 3 and 4 illus-
trate the small, 10 msec. or less, fluctuation in movement
time to maximal displacement and movement time for the first
ninety degrees of flexion, after day 4, for both men and
women, under all locad conditions.

Acceleration time

Mean values for acceleration time presented in Tables
6, 7, 8, and 9 failed to reveal a discernible pattern of
change across days 1 to 10, for both men and women, under
all load conditions, for acceleration time over the first
ninety degrees of flexion, and acceleration time toc maximal
dispiacement. However, as movement time decreased over days
1 to 10, the subjects must have accelerated over a longer

percentage of the movement, Figures 5 and 6 graphically

B et . o

" T4 Ta
s

-
-

&
.

(Rl i ¥
o

[ RN

SO TR SR |
Y ‘i, a2 8)
SR,

P

.

“ 5.
SO
.. l‘
o

Yy
0 ll ) L
LAY 2 A N

.

Te

e
IR SRy

A N A

c .




PR XA
fﬁsuﬁ.\ﬂf - X .....m..».s

€718 9°8¢L 1°Z8 708 8°08 9°9L 9°6L 8 LL b°88 s €8 LSdN8 SdIDIYL ONZ OL IWIL
9°9LT  TTULY PTOLYT 17991 LcTLl €°SLT 9T6LT STSLT 9°pBT 9791 1Sd4Nd Sd3aDI€ ANZ Ol dAWIL

L°8vT 8°6bT ¥ 6bL L BPT L°8PT 9°9%1 6°6P1 ¥ IST S°ZST 678Vl AWIL NOILYYIATIDOV
€°L91 6°891 €°0L1 €°0LT T1°ZLT (°891 9°0LY B°0L1 L7691 O0-°1L1 (,06) AWIL LNIWIAOW
7 aVOT1

S°v9 £°€9 0°L9 v e9 Z°99 €°29 8°19 £°79 L°oL 8°69 1SdN18 S4d3ADI™Y ANZ 0L JWIL
P 0ST 9°6¥I L 2ST E°T1FT 6°FPT €°6€T L 9¥T G°6F1 G°SST B°ZET 1sdn8 S$430I4 ANZ OL 3WIL

€°621 B8°6Z1 T 0E1 B°0ET T 1€l 6°9ZT1 6 1€l T vEl 6°€ET  6°9¢€1 AWIL NOILV¥IT3IDOV
L°6ET 6°LET 9°0FT 9°TPT H°OFPT S°LET 9°TFPI 8°8VT 6°¢¥1 0O IST (,06) IWIL LNIWIAOW
1 avotl

289 8°29 v°s9 €° 79 ¥°Ss9 1°29 9°79 6°09 ¥°69 $°6S LS4Ngd SJd3aJI™L ANZ OL 3WIL
E7LET T76€0 #°ZpT T CET ZT°ChT L°OFPT Z2°I¥1 O°PFPT E°OST 07811 15408 S4301J8 ANZ Ol AWIL

0°€21 0°1Z1 8°IZY Z-zZzi 971zl L°BI1 9761 0°LZ1 L €21 ¢z o2l 3WIL NOILVHATIOONV
9°LTT L°8ZT L'9Z1 6°LT1 6T 6°92Z1 S IE€Y P SET T°€€l S°6€1 (,06) TWIL INIWIAOW
o1 6 8 L 9 S v € z 1 0 avo1

S XVa NaW

+°FZ = N ‘SNOILIGNOD QVOT 1TV HIANN NOIXITd WYVI™OQ
40 S33YH3AA ALANIN 1SYId 3IHL ONIYING SIYNSVIH NOI¥ILIYD IFHL ¥04 SIVIYL 01 JO SINTVA NV3W

6 J'IdVL




h

~spuooasT 1w Ut passaidxiy dxe soansead iV

601 2°90T 9-¥0L -60U €°601 ¥°ZIT ETTTT 6°SI1 0°p11 Z7€Il 1Su0d S43518L ONZ OL FWIL
o-tbz L°0SZ [°BEZ 0°LZZ '€ 9°0VZ TTYEZ 0°L1Z €760 BIEHL  LSHNG 543218 GNZ Ol AWIL
9°89T 1°P91 0°S9T 9°€91 S°S9L Z €91 ¥°Z9T £°s91 2791 7SSl AWIL NOTLVMATADIN
9'c61 €°L61 P°S6T ¢ L6T T'10Z L7661 B°Z0T 1'zoz 2790z 1'slZ (,06) IWIL LNAWIAOW

7 av0o1
6-18 8°6L 9°18 y°S8 9°€8 9718 S79% 016 €S8 STTB ISUNY §43D1¥) ONZ Ol 3W1l
2161 S b6l 0°161 97161 6°G61 B8°B61 L'981 B°6L1 E€°BLL 07LST L5HNA S43D18 ONZ Ol 3WI
przbl 0°ZVT B-TST 9°BBT T°S¥L 2Z°SPT E7OVL L°S¥L €7E¥1 0721 aWIL NOTIV¥ITIDIN
L7961 6°961 8°LST 67191 1°99T Z'¥9T 9°€9T 07591 67691 Z7BLI (,06) IRIL LNIWIAOW
1 Qy¥O1
6°G¢L 6° 1L €°9¢L ¥ 9L 6" kL SLL 0°9¢ °ve 6°18 0°08 1SHMNg S43D1dl1 aNZ Ol WL
LfLLT 0691 S°ZL1 0°ZLT 6°8LT 27691 L7691 L°TST 679ST 076CL 1syng S43D19 ONZ Ol 3HIL
{8zt €-0E€L 8°LZ1 ¢(TTEU V'EEU BTPEL 9TLEL 879EL ZTSEL 67ZEL JWIL NOTLIWV¥ITIDOV
0°6E1 L-6E1 6°0bT 2°¥yl G°9¥T ¥ ¥PL 0TEVL 9TLvl LTSt TTI9H (.06} 3IWIL INIHIAOW
ot 6 8 L 9 s v £ z 1 o gvoi
S AvNYda NIWOM

. {*3,u0d) 6 314V

;.

.

W

ﬁ..

]

L

-

-

v

Y

r

:

. .

[N

9 L ) ) 3 ® 9 ) »




'
x,
1
s

l

N

Zoc

2]

)‘J’

-

"\
-

L
5
O

1

DA
la"ﬂ

™)
o
O
1
l' .’l.

(AN
e,

26 0 Men Women

o—c LOAD O e—e .
S50 R oo LOAD T aa s
e N 5o 0AD2 mm

60

ot

)

2307 e
"'.

MSIEC

, s
80~ O T e
73 _ =

(&2
(@)
A

o]
o
G-
~J
oo--
Ve
o
e

’

oY)

b‘l.

[N

(]

1)

(o7
=

[ ¢}

Wt
b=ty

(U
D
'y

D A SR

N

o4 - A
s Aadol ool




.
3

N

UMD SN M M TA R N St dn od e s

T,

3

"4 N “sSuory tptiog protqoe dapun ‘UOtXag Jo Saoadag Aatny
VELLL WY o 4 - sKing ss0any aury, THOUDAOW oy suvaw oy 3,

SAVQ
P Y A S

b —

R N’

—

™~
O/O\\:\O// o
é

Y
|

/741)4\\\4//4/

m-® 7 (V01
v | dvol
¢-¢ (O (v0l
UDUIOAN

el e . e
TR

{

! -
07}

-0€1
- 071
06l
091
0Lt
08l

<
wm
m
)

ORI

e .‘-'.\A‘- '.. .-‘"~'
PO AU IS SN S S R

LT T

. %

L.
- ORI

RO NP
P PO AP

DI UL I DA
e e T N e

atlTe, oy e, .
aadadntstaz a2 s

A

Tt e o, "
NI RS

e

LA
atla s

alal

P,

o

LV

N

L -'..
At a*
afatlatu’ al

o

o o



e Y _.. %
11.\\.0...\

"‘
<
;
.
]
2
3
w i - N 'SUOTl Tpuo) pror
. [1® Jdapun ‘(-1 sAe SSOI0H BUTJ, UOTIRID[HDOY J0J sueaw ¢ Fr
w ol SAvd
i CHN N S S B S AN
d -
2 A\
3 - 0€L
1 G —O— I\Q\Ol\\.\tu.m el
1 N v o i t
4 v v
- 971
.r\i\\\\\\l./r
d ¢ . - . e -
0 S & Yo —U——a 9’
- - v -
" Y v e A YA
e o]
vy T_:_ Y F 8 L1
[ 3 ) C w A _ (r O)
UDUIOAA SEIN - - 981
= . & |76l
~ .- a2 =
PR
- (07




...‘ ] O YN RN : o o
o
.....“
.
o
Sra
q-
.....-
\. nL
23
;.j
*$#2 = N ‘SUOT3TIpUO) peOT Tk Japun ‘uolxsT) Jo SsdaFsp Ljaulu 4
1SaT1J 8yy J0J ¢1-1 shAeg ssoade awr], UOT3IBRIST20IY J0) SUBS| 9 ‘314 ..A_

SAVQ

ot 6 & ¢ 9 9 7 & ¢ !

X
Tou

e S Loz
L0t L

y
.- ﬁo,m

051 M

091

o 0!
=% 7 QV0]
v | QvOl

o~ (QVOT .
UDWIOAA UIN -061 "

- 081 3

$LE




e

o
ANy
o %
illustrate the pattern of the acceleration time means. .53
Time to maximal acceleration &E:
k. Figure 7 graphically depicts the daily means presented :'
in Tables 6, 7, and 8. This acceleration parameter revealed u}
a different mechanism of execution for the women versus the -;?

° men., The women increased the time to maximal acceleration ﬁ
as the inertial load increased. While the men decreased the oy

time to maximal acceleration as the inertial load increased. ii

Although the patterns indicated an extreme narrowing of the ZE

° range for the time to maximal acceleration among inertial .
loads for both men and women, Load 0 for the men and Load 2 :i{
for the women produced the longest times to maximal acceler- _:;

i

ation. ;;

Firs- biceps motor time i%

Inspection of Tables 6, 7, and 8 revealed a pattern in %i‘

the means for the men, over day 1 to day 4, the first biceps Hh

burst occurred later and nearer the onset of movement. The ;%

slope of the decrease was seemingly unaffected by inertial e

loadi- ., Thereafter, as illustrated in Figure 8, the fluc- }%

tuation was 4 msec. or less under all load conditions. The E;

women did not exhibit a similar pattern of change. As graph- E:

ically depicted in Figure 8, the pattern revealed a later A}

occurrence of the first biceps burst, however, under Loads ;fﬂ

0 ard 1, stabilization occurred after day 5 or later. Under ﬁs

Load 2, the pattern is totally dissimilar, biceps motor time ﬁ}

occurred earlier and, therefore, farther from the onset of #

2
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movement. The magnitude of the inertial load may have been

influential.

First biceps duration

Daily means for first biceps duration are presented in
Tables 6, 7, and 8. They are graphically depicted in Figure
Y. The duration of the first biceps burst increased as the
inertial load increased, within each load condition, except
for women Load 2, decreases in duration were evident. The
duration of the first biceps in the women more pronouncely

reflected the influence of inertial loading.

First triceps motor time

Figure 10 graphically illustrates the pattern of change
manifested by the first triceps motor time. The daily means
are presented in Tables 6, 7, and 8. The pattern was one
cdramatic shifts towards the onset of movement for all
subjects under all load conditions, with the exception of
wemen, uncder Load Condition 2, which produced a similar but
vore modest shift. Stabilization, except fcr women Load

¢ 5

2, occurred at day 5 or later.

Second triceps motor time

The second triceps motor time daily means are presented

- in Tables 6, 7, and 8. Figure 11 revealed a marked decrease
in the second triceps motor time for all subjects under all
1rad conditions. The slope of the change increased as the

L iner=-ial load increased. Stabilization, particularly for

+

v men, extended into day five. The second triceps motor




ha ke

 Sall Al Aug

MOV AT TRNRD

e Aol Sk el g

L el ot

VJ"

R

TR TR wew

A Ano A S s A n 48 b aris s |

TT Y

LN

R Sl

i

nle

*fig = N ‘sSUuorqipuo) pro]
‘G1-1 sAeqg sS0Jok ucTjean( 3sang sdaotd 3SIT] J0J sueap

SAVQ
0 6 8 ¢ s

L e—

11} Japun

"HTY

1 z 1

D/D\D/_/d\\

== 7 (JQvQ] GO g Y
v | Qv0l vV - e
e () (V0] ©© P
UDUIOAA U ~m P

l\\\\\li\\\l ~__ . \ - o

S =%

T80l
9L
V4!
43!
0 Y1
- 871
961
-9
L
08!

08l

D3SKW

Al acac

« SN

- \.‘.“

~

Al esat

;__f..

R
A AN
VYL Y. PO

3.
b

SRR kN
P PC L NPTy

A el




e SR .
PRV AP AR A ..~. o 3 K} ..q,,

(7]
« t

o
-

Women
v @
A
H

-~
Y

LOAD
LOAD °
LOAL

-~ =
L <

0 o

Men
o—0
o
-0

(V2! ol

<l ,T
SOy g

of

Ul -4

\v,\..w. -
: -1 o
(O Y]
=0
o
\\ :
[

* e e ~ e L L 4-
K, LR 1 T T 1 1 1 ] | ¥ 1 [ 14// i "
o~ [e o) ~7 O O o~ QO ~7 (4D e} o ad 7 (@) -,
[ ea ) o C- ~ X2 No} WO u O . | ~1 ~3 of
1 ¥ 1 '

' ? ¢ ' \ ] [ 1 ' t 0
i

oy

L Ag Jat s

"

-

F
b
g
r




b

- | S 3
-fa -.-...-\-. .M .'\....QH

“he = N 'SUO0TYTpuoyn pror

"G -1 she ssoaow owyy aojo sdodldy, puodog 0] SUBON

SAV(

Ol 6 8 L 9 Lﬁ R

- e—

PRIPEIRE I
......

........

] 1y Jdopun

AR

~ o e
~—— O\\]\l - Ol\r\
L S
. \\

V\ﬂ”\”)l«ﬁ@“ﬁu
= (V0]
v-¥ | QVv0ol v
- ((QvQl 0O

UALIOAA UoiN

4\\

=
-06

86
- 901

O3S

P A R . .
et

A v .
R ST

. Cl
Acandoin

P YO P | .

MRSy

2

s inlals

e
PR

P R

-

T




Pi ot Al -GN atih o0l aith A AR st iyl aech o) B gt gee e re v

L4
time fluctuation, over days 5 through 10, was greater for
the women.
® Second triceps duration
The daily means for second triceps burst duration are
presented in Tables 6, 7, and 8. Figure 12 revealed a
® pattern similar to the duration of the first biceps burst
(Figure 9). Load conditions 1 and 2 for the women and Load -
condition 2 for the men exhibited the strongest influence €¥
of inertial loading. : 3
Y e

Time to the second burst from the biceps and triceps brachii

Jelele

.’

Jl"'l
'

ERE s,
o ) 20
L v

0 » e .

Figure 13 graphically represents the daily means for

e

LAY PN 3

the time to the second burst from the biceps brachii

-

presented in Table 9. The onset of the second biceps burst

was sharply delayed from day 1 to day 2, thereafter, changes

were less dramatic and stabilization occurred by day 5.

g In contrast to results presented by Wolcott (103) which
indicated time to second biceps burst was unaffected by
inertial load conditicns, Load 2 differed markedly from
¢ Load 0 and Load 1, for both women and men. Load 3 was five
(5) times the natural moment of inertia in the Wolcott
{103) investigation. The increase to seven (7) times the
g ratural moment of inertia, required an adjustment in the
time to the second biceps burst. E?
The daily means for the time to the second triceps :‘s
@ burst are presented in Table 9., Figure 14 revealed no h
discernible difference between Loads 0 and 1 for the men and ii;
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a small, 10 msec. or less, difference for the women. Once
again, a markedly different adjustment occurred, for both
men and women, under Load 2.

First biceps burst to first triceps burst latency

Figure 15 graphically represents the daily means
presented in Tables 6, 7, and 8. The latency increased, for
both men and women, under load condition 0 through day 5.
Thereafter, the fluctuations occurred in both directions.
Load condition 1 increased linearly through day 5, there-
after, the groups went in diametrically opposite directions.
Although a pattern of stabilization did not materialize,
this criterion measure may be considered to be gender
specific, that is, gender differences outweighed inertial
load effects.

First biceps burst to second triceps burst latency

Daily means are presented in Tables 6, 7, and 8. Figure
16 illustrates an overall trend towards an increase in this
latency. This criterion measure was sensitive to both
gender and load condition. Women had longer latencies under
all load conditions and the magnitude of the difference
increased as inertial loading increased. Within each group,
less adjustment was seen between Loads 0 and 1 than between
Loads 1 and 2.

Biceps silent period

Figure 17 graphically illustrates the daily means

presented in Tables 6, 7, and 8. Dramatic increases in the
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a small, 10 msec. or less, difference for the women. Once
again, a markedly different adjustment occurred, for both
k men and women, under Load 2.

First biceps burst to first triceps burst latency

Figure 15 graphically represents the daily means

presented in Tables 6, 7, and 8. The latencyv increased, for
both men and women, under load condition 0 through day 5.
Thereafter, the fluctuations occurred in both directions.
Load condition 1 increased linearly through day 5, there-
after, the groups went in diametrically opposite directions.
Althcugh a pattern of stabilization did not materialize,
this criterion measure may be considered to be gender
specific, that is, gender differences outweighed inertial
load effects.

First biceps burst to second triceps burst latency

Daily means are presented in Tables 6, 7, and 8. Figure
16 illustrates an overall trend towards an increase in this
latency. This criterion measure was sensitive to both
gender and load condition. Women had longer latencies under
all load conditicns and the magnitude of the difference

increased as inertial loading increased. Within each group,

less adjustment was seen between Loads 0 and 1 than between
Loads 1 and 2.

51ceps silent period

Figure 17 graphically illustrates the daily means

vresented in Tables 6, 7, and 8. Dramatic increases in the
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length of the biceps silent period were evident under Load

Conditions 0 and 1, for both men and women. Less dramatic

increases occurred under Load Condition 2. A pronounced
biceps silent period coupled with the occurrence of the
second triceps burst are characteristic of practiced forearm
speed movements. Since movement time decrements also oc-
curred, the changes in biceps silent period must be viewed
relatively. Except for the formidable influence of Load

2, the reponse of this criterion measure appears to be
agender specific.

Second triceps burst to maximal acceleration latency

Figure 18 is a graphic representation of the daily
means presented in Tables 6, 7, and 8. Negative values
indicate maximal acceleration preceded the second triceps
burst. The women started with longer latencies, for all
load conditions, and consequently were able to effect
greater decreases particularly under Loads 1 and 2. Changes
effected by the men were more modest.

Second triceps burst to zero acceleration latency

Daily means are presented in Tables 6, 7, and 8.
Figure 19 graphically illustrates the women and men were
mest successful in decreasing this latency under load
condition 1. This criterion measure is indicative of
how ¢quickly the second triceps burst effects limb
deceleration., Both extremes in inertial loading (Loads 0

and ) produced negligible changes.
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Slope of the first biceps burst EMG "

Figure 20 dramatically illustrates the gender specific

H. characteristic of this criterion measure. Daily means are -
presented in Tables 6, 7, and 8. Though clearly more biceps i
activity, as reflected by an increased slope, was required e

as inertial loads increased the male slopes varied minutely. :Qf

&

Though the women were able to narrow the range of biceps o
activity among load conditions, they were less able to ;;;
narrow the difference between genders. Changes in fregquency E;
would not be discernible. _{;
Slope of the second triceps burst EMG ;;i
Daily means for this criterion measure are presented in 533
Tables 6, 7, and 8. Figure 21 illustrates the marked :j
decrecases in this criterion measure achieved by the women Egz
under load conditions 1 and 2. Though load differences ;&f
remained, the men were able to narrow range of second i?.
triceps slopes. As would be expected the amount of second ;EZ
triceps bhurst activity was influenced by the magnitude of if
the Inertial load. j:%
Ratio between total biceps EMG and total triceps EMG \
Daily means for this criterion measure are presented in :;
Tables 6, 7, and 8. Figure 22 reveals the dramatic o
decreases in this ratio, under lcad conditions 1 and 2, for Ei
both women and men. The women exhibited greater fluctuation g;.
over the six experimental days, particularly load conditions
1 and 2. At the lowest level, men load 0, the ratio was f?)
o
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approximately 3.3:1 between total biceps and total triceps
electromyographic activity.

Maximal displacement and accuracy

As illustrated in Figure 23, the men were more accurate
under all load conditions. The daily means for maximal dis-
placement are presented in Tables 6, 7, and 8. Accuracy de-
noted that segment from 90 degrees to the actual displace-
ment. All daily means for accuracy was positive which
indicated a consistent overshoot of the 90 degree target.
Within both groups, it became increasingly more difficult to
stop at ninety degrees as the inertial load increased.

Practice effects on selected criterion measures

The criterion measures recorded during movement to
maximal displacement were collected on day 1 and day 4. The
data collected was submitted to variance analysis, however,
changes which occurred over days 2 and 3 will remain
obscured. The means for days 1 and 4 for all criterion
measures to maximal displacement are presented in Tables 6,
7, and 8. A summary of the results of the repeated measures
variance analysis is presented in Table 10. The complete
repeated measures ANOVA tables are presented in Appendix E.

Significant differences existed between groups for
movement time, acceleration time, and first biceps burst
duration. The analysis yielded significant Days effect for

movement time, second triceps duration, maximal displace-

mer.t, and accuracy. The inertial loading analysis vielded
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significant overall and linear trends for all the criterion
measures except for time to maximal acceleration, biceps
silent period, first triceps motcr time, first biceps burst
to first triceps burst latency, second triceps burst to
maximal acceleration latency, slope for first biceps burst
EMG, slope for second triceps burst EMG, and the ratio
between total biceps EMG and total triceps EMG.

The criterion measures collected duriné the first
ninety degrees of flexion were recorded on each of the four
stabilization days. The means for each criterion measure,
for men and women, under all load conditions are presented
in Table 11. The criterion measures collected during the
first ninety degrees of forearm flexion were submitted to
repeated measures analysis of variance. A summary of the
results of the variance analysis is presented in Table 12.
The complete Repeated Measures ANOVA tables are presented in
Appendix E.

Significant differences existed between groups for
movement time, acceleration time, and the time to the second
triceps burst. The analysis yielded significant overall and
linear trends for the Days effect in movement time and the
time to the second triceps burst. The inertial loading
analvis yielded significant overall, linear, and quadratic
trends for all the criterion measures. Trials effect
analysis yielded significant overall and linear trends for

movement time and the time to the second biceps burst. The
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time to the second biceps burst was not significantly 7]
different for women and men. The time to the second triceps W5
burst was not significant in the Days effect analysis.
Acceleration time and the time to the second triceps burst Dt
were not significant in the Trials effect analysis. As an
indication of the relative stability or instability present ot
in the criterion measures, a reliability analysis of vari-
ance was conducted. Variance estimates and intraclass

rellability coefficients are presented in Table 13. T;R

Baseline stability and reliability

Means, standard deviaticons, standard errors, maximums, s
minimums, and ranges for the criterion measures recorded
during the first ninety degrees of forearm flexion and for
the criterion measures recorded during forearm flexion to :
maximal displacement, are presented in Tables 14, 15, 16, E

® and 17. Lagasse (54) reported a mean value of 153 msec. for
movement time to ninety degrees, under the natural moment of fﬁ
inertia. Wolcot (103) reported mean values of 142 msec., :A

157 msec., and 181 msec. for Load 1 (no lcad), Load 2 (two

times the natural moment of inertia), and Load 3 (five times

the natural moment of inertia), respectively. Though
- Wolcott (103) investigated class A (stopped by impact) move-
ment, the values were reported for the first ninety degrees X
of forearm flexion. Comparisons of movement time, under
@ Load 0, for the first ninety degrees of forearm flexion

(Table 17) reveal the women in the present investigation o
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