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post- scenario. Measured Qf muscular strengih and 1ifting capacity, however, increased
by 12-18% posr-szenacio. Ph 1 performance scorea were significantly higher on days
1l and 8 compared to the othar days differences were seen from days 2 through 7.
The mean + SD daily amount of sleep obtaine <3+1.3 hrs. The szoldiers averaged
2.5 hr, 22 min. and 2.9 min per day at heart rates e to or greater than 25%,

507, and 752 of their maximal heart rates, respzctively. The results suggest that

1) noldiers who are allowed 5 hrs sleep per day and who are required to perform at
rejigtively moderate levels of physical intensity show no decremente in physical fiiness
capacity or evidence of physical fatigue for up to 8 days of continuous operations,

2) the physical fitness of artillerymen wss comgarable to other Army populations of
similar age and proved adequats tc meet the physical demands of this scenario, and

3) soldiers undergoing realistic, continuous field srtillery operations are able to
obtain adenuate sleep and spend only short periods at high levels of physical activity.
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FOREWARD

In 4pril 1982 a conference on Applied Research in Physical Fitness was
oonvened by the Army Physical Fitness Research Institute, US Army War College,
to address priorities and research requirements in physical fitness and
trainiﬂﬁo' The number one priority identified by the conlarees was thes noed to
determine the physical demands placed upon the soldier during continuous
combat operations. The first study conducted in this area was with the light
infantry since it was assuned that the most physically demanding work in
eontinuous operations would involve this combat arm. This study took place in
July 1983 at Ft. Lewis, WA with soldiers from the 2nd Battalion, 47th Infantry
Regiment, 3rd Brigade, 9th Infantry Division.

The study reported herein is the second in this series and deals with the
physical demands encountered by the field artillery during continuous
operations, The s0ldiers who parti~ipated in the study and those whe provided
the support were from the 2nd Battalion, 34th Field Artillery (III Corpa). Ft.
8111, CK. The combat-realistic scenario was prepared by the Field Artillery

Board, Ft. Sil1l, OK.
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ABSTRACT

The purposes of this study were to 1) determine the effects of a
continuous field artillery scenario on physical fitness capacity and
performance, 2) relate physical capacity to taak performance during the
scenario, and 3) estimate the physical {ntensity of the scenario by tontinuous
heart rate monitoring. Twenty-four artillerymen comprising three, 8-man
guncrews participated in an 8-day, combat-simulated operation, Body
composition and measures of fitness (isokinetic strength of the arms and legs,
isometric handgrip strength, dynanio 11fting, snd upper body anaerobic power)
Vere determined before and immediately following the scenario. Physical
performance was assessed by daily ratings from senior norgommissioned officers
experienced in artillery operations. The Intensity of physical activitiy and
amount of aleep were estimated from continuously recorded heart rete using
electrocardiographic tape recorders worn .by the scldiers. Weak, non-
significant relationships were found botweer varions measures of exercise
capacity and physical task perZormance curing the acenario, No changes
occurred in body weight or upper body anaercbic power from pre to post-
scenario. Measures of muscular strength and lifting capacity, however,
increased by 12-18% poat-scenario. Phyaical performance scores were
significantly higher on days ! and 8 compared to the other days but no
differences were seen from days 2 through 7. The mean (+ Sb) daily amount of
sleep obtained was 5.3*1.3 hrs. The saldiers averaged 2.5 hr, 22 min, and 2.9
®in per day, respectively, at heart raies equal to or greater than 25%, 50%,
and 75% of their maximal heart rates. The resulta suggest that 1) soldiers who
are allowed 5 hrs sleep per day and who ars required to perform at relatively
moderate levels of physical intensity show no decrements in physical fitness
capacity or evidence of physical fatigue for up to 8 days of continucus
operations, 2) the physical fitness of artillerymen was comparable tc other
Army populations of similar age and proved adequate to meet the physical
demands of this scenario, and 3) soldiers undergoing realistic, continuous
field artillery operations are able to obtain adequate sleep and spend only
short periods at high levels of physical activivcy.
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INTRODUCTION
Continuous operations may be defined as those combat actions that are
uninterrupted for a period of 24 hours or more. Such operations characterize
the high-intensity, short-term war vhich has become the trend since the end of

World War II. The 1967 and 1973 wars between Israel and Egypt and the 1982

Falklands war, for example, were over wilhin a matter of days. During thesa

short periods, the countries involved were engaged in very intense combat
resulting in the 108s of hundreds of 1lives. All such engagements have relied
on the use of massive artillery barragea to inflict maximum damage on the
target. In an article on the British experience in the Falklands, Bailey (1)
stated that "in the last 12 hours of the battle for Port Stanley, five
batteries fired the equivalent of one regiment's training ammunition
allocation for four years." Based upon the recent past, future conflicts wilil
undcubtedly be characterized by high intensity operations lasting for periods
which may exceed an individual's capability to maintain efficient performance.
It i{s apparent, therefore, that a high priority needs to be placed on
assessing the physical demands and formulating physical fitness requirements
for the combat soldier who must perform in such conditions,

Recently, efforts have been directed toward assessing the effects of
continuous operations on human performance by employing prolonged, combat-
simulated scenarios (2,3,4,5,6). Most such studies, however, have been
concerned with the effects of sleep 108s on vigilance tasks and cognitive
performance (2,3,7) and have dealt only briefly with physical performance (2).
The results of these studies have shown cognitive and vigilance tasks to

rapidly deteriorate over time.
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In military coutinuous oberationa.jaleep loss 1s but one of many stresses

faaing the scldier. In studies involving both limited sleep and high levels

of physical exertion decrements have been reported in various measures of

muscular strength and anasrobic capacity (4,6). 1Ina 5-day sustained combat
infantry scenario in uhich-sﬁbjeéts were given 4-5 hours sleep each 24 houré.
Murphy et el. (4)' found .a :decreéae in upper body -anaerobic power and
isokinetic endurance. In aﬁ 84day British field artillery loading trial, Legg
and Patton (6) also round de.rements in upper body anaerobic power as well as
a progressive decrease in ;sﬁmetric handgrip strength throughout the tﬁial.
The purpose of the present study, therefore, was to further investigate
the impact of continuous operations on physical fitness capacity and physical
task performance in field artillery soldiers operating for 8 days under combat
simulated conditions. Specifically, the objectives of the study were to 1)
relate individual levels of physical fitness to physical task performance
during the scenario, 2) identify any decrements in physiological capacities as
a result of the scenario, and 3) determine the physical intensity of the

sgenario by continuous monitoring of heart rate.

METHODS
Subjects were 24 qualified field artiilery soldiers assigned to three
M109A3, 155mm howitzer guncrews (8 men per gun). All subjects were fully
briefed regarding the purpose and nature of the study and their informed
congsent was obtalnad prior to participation., These guncrews were the base gun
from each of tnree field artillery batteries (3 howitzers and one fire
direction control center per battery) designated as Alpha, Bravo, and Charlie

who took part in a large field artillery exercise at Ft. Sill, OK from 28 May




‘1o 5 June 1986f This was an 8-day continuous, combat-simulated scenario which
 1nvo1ved frequent moves (5-7 per day), daily resupply missions, emplaceﬁent of
. camouflage twice daily, freguent fire missions (20 to 65 per day) requiring
the handling'énd loading of shells weighing 45 kg, and other tasks normally
asSoclated with'hbtillery operations. These activities were the same for all
guncfeﬁa_but varieﬁ in time of day according to individual gunhcrew chnario
requirements. All subjects were provided the same amounﬁ of food and were
able to maintain adequate and similar food and fluid intake throughout the
exercise (8). The average temperature for the scenario was 20°C with a range
of 14-29°C. The relative humidity averaged 79%.

The study design consisted of a baseline data collection phase followed by
pre-scenario and post-cscenario testing periods. During the baseline perlod.
which took place approximately 10 days prior to the scenario, subjects were
familiarized with the laboratory procedures and a complete physical fitness
profile was performed. The tests comprised assessﬁents of body composition,
aerobic power, upper and 1lower bcdy anaerobic power, muscular'strength, and
lifting capacity. The data from these tests were used to relate physical
fitness capacities to subsequent physical performance assessed each day of
the scenario.

Four days befoie the scenario during a Y4 hr period in the morning and at
approximately the same time of day immediately post-scenario, subjects also
underwent a series of physiological tests to 1identify changes in physical
fitness capacities pre to post-scenario. The tests were performed in the same
order at both times and consisted of body composition, muscular strength

measures, lifting capacity and upper body anaerobic power.




Dyring the baseline phas->. bhody composition was determined by hydrostatic

welghing. Subjects entered a’ weighing tank clothed in a gwimsuit with the

: ng&ﬂﬂLEE}ﬂ?ﬁ?ﬂPd at a constant temperature (35~369C)ﬁ Subjects sat on an
B g;égingm‘ehair submerged and exhaled as much air as possible to their residual

¥Riume. 'A 'strg(ﬁ gaupe recorded the subject's underwater weight while a

gﬁap}g.rgédlns.w5§ achievq¢ (9). Residual lung volume was determined prior to
ﬁn;nqncevinto the tank using the method of . Wilmore et al. (17). In the pre
and ppst-scenario tests, body composition was estimated from the sum of four
gkinfolds (hiceps, triceps, sub-scapular and suprailiac) according to Durnin
and Womersley (11).

Aerobic capacity was determined by measuring maximal oxygen uptake
(ioamax) using a progressive, discontinuous protocol on a motor-driven
treadmill (12). Subjects initially ran at 6 mph, 0% grade for 6 min after
which the grade was increased to 5% and the speed held constant or increased
to 6.5-7.0 mph. Each subsequent bout of exercise was performed for 3 mirutes
3t grades increased by 2.5% until a plateau occurred in ﬁOz. In the final
minute at each intensity, expired air Was collected in Douglas bags through a
mouthplece and low resistance (Koegel) breathing valve. Gas volumes were
measured with a Tissot spirometer and O2 and 002 fractions with fuel cell and
infrared analyzers, respectively. Heart rate was monitored
flectrocardiographically throughout the test.

Anaerobic power was determined by the Wingate test (WT) (13) for both the
upper body (arm cranking) and lower body (leg cycling) during the baseline
phase. Only the upper body WT was repeated pre and post-scenario. The WT was
performed on a cycle ergometer that had been modified with a lever arm for

jpstantaneous application of resistance (14). The subject cycled or cranked




at ﬁax1ma1 RPM's for 30s at resistance settings of 0.075 kg/kg body weight

(BW) and 0.050 kg/kg BW, respectively. The number of pedal revolutions and

the resistance were used to ocalculate power output 1in watts (W). Power

T; outputs were expressed as peak power, the mean power of the hiraestlss reriod;
i mean power, the average power output over the 30s; and power de2rease, the
%. difference between peak power and the 1last 5s interval '’ expressed as a
% .. .. _ bpercentage. .

The maximal dynemic isokinetic strength of the elbow flexors (EF) aﬁd knee
extensors (KE} was determined utilizing the Cybex isckinetic dynamometer.
Subjects were tested at angular velocities of 30° and 1800/8 using techniques
developed in this 1laboratory (15). Isometric handgrip - strength was also.
measured with a handgrip dynamometer (15).

‘ Two assessments of lifting capacity were made at each of the three testing
pericds. Maximal 1ift capacity to 152 cm was determined using the incrementai

dynamic 1ift (IDL) device where weights were raised on a vertical slide in

incremental steps until a maximum 1ift was. achieved (16). A second test of
maximal 1lift capacity to a height of 132 cm was performed using a weighted
box. From 2-10 kg of weight were added to the box with each successive 1ift
attempt until a maximum was reached.

The physical task performance of each subject was evaluated twice during
each day of the scenario by senior, noncommissioned officer personnel
knowledgeable in all phases of artillery operations. Two evaluacors who
rotated on a 12-hcur basis (0700 to 1900 hrs and 1900 to 0700 hrs) were
assighed to each guncrew, A rating scale from 1 to 10 (with 10 being the
highest score) (Appendix A) was used to rate the soldier's ability to perform

all physically demanding tasks. The rating reflected such atiiributes as how
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v,lhiﬁ'tt10l1¢y or &ct!vely taaka were performad, ‘the  ability to handle the
"ﬂuyalotl dclands of tho Job, signs "of . patigue versas "fpashness", and the

ftﬁnccfulnlal ar acsreoalvenaaa dinplayed 1n the perrormanoé of taaka.

' ?he 1rtenaicy oft the phyaica1 activity of the scaﬁario was astimated using

' portatla, olectrocard')graphic (ECG) tape . recorders (Medilog, Oxford. .

ilnscrulontt) worn by the crewmen. A three lead, V. ECG configuration

optimized the R-wave amplitude from which heart rate was determined., Cassette
iupes were changed {and the ’1ntegr1hy of the recorder and ECG preparation
evaluated each day between 0700-0800 hr. The datly heart rate for each
aubgect-vas recorded on one, 2U4-hr -cassette tape. This was replayed for
computer analysis throngh an Oxtord replay unit interfaced to a Hewlett-
Packard 85A desk top computer (17).

A baseline heart rate was measured on all subjects each morning during the
exchange of ﬁapes. This heart rate was taken with the subject standing and
served as a basis for determining the time spent sleeping and at heart rates
above 258, 50%, and 75% of maximal heart rate. The criterion used to estimate
aléep was a heart rate 10 beats/min below the baseline value which persisted
for 20 min or more. Heart rates at 25%, 50%, and 75% of maximal heart rate
were calculated by multiplying the difference between the maximal and baseline
heart rates by 0.25, 0.50, and 0.75 and then adding these values to the
baseline heari rate,

A one-way analysis of variance for repeated measures was used to determine
significant differences in physical fitness capacities resulting from the 8-
day scsnario. Correlational analysis was used to relate physical fitness io

physicel task performanee.




RESULTS

.. Bageline phase. The anthropometric variables and physiological capacities

measured during the baseline data collection phase are summarized in Tables 1-

3. The age range of the subjects was 18-30 yrs, the body weight range was 55
to 118 kg, and the percent body fat range was 5 to 27%. Only three soldiers
had percent body fat values over 20%. The mean (+ SD) maximal aerobic power
(ﬁoamax) for all subjects was 52.1+5.5 ml/kgemin with a range from 41.2 to
68.0 ml/kg-min. The values for ﬁozmax. anaerobic power, and muscular strength
are comparable to other Army populations of similar age (4,15,18).

There were no statistically significant differences among the three gun
crews for any of the physiological measurements made during the baseline
period.

Field performance and exercise capacity. The results of the performance

scores for the two rating periods are presented in Table 4. The physical
performance of soldiers from Alpha battery was rated as significantly lower at
night (1900 - 0700 hrs) compared to the day (0700 - 1900 hrs) whereas the
opposite was true for soldiers from the other two guncrews. The combined
results show a significantly greater performance rating 5etween 1900-0700 hrs
than from 0700-1900 hrs. The mean ratings during the night time period were
significantly higher for Bravo battery compared to either Alpha or Charlie but
no differences occurred among batteries during the day.

Because of the significant difference in performance scores between the
two rating periods, the data were not combined and separate analyses were used
to relate physical fitness capacity to physical task performance. Table 5
shows the relationships between the performance scores and anthropometric and

fitness variables for both rating periods. In general, the correlations were
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Table 1. Physical characteristics of subjects-
- baseline data (mean t SD)

Baitery
Alpha Bravo Charlie Total
n 8 8 8 24

Age,yrs 21.9 + 3.0 21.9 + 4.3 22.8 + 3.8 22.2 +3.6

Helght,om 179.1% 5.8 175.3 ¢ 4.5 175.0 = 6.2 176.5 5.5

Weight,kg 81.2 $15.7 4.0 £ 7.3 73.0 £+ 10.3 76.1 $11.1
| Body Fat,$ 14.8 ¢ 6.6 1.1 2 3.0 1.1 £ 2,0 12.3 ¢+ 3.9
| Fat free mass, kg 68.5 ¢+ 9.8 59.0 $18.0 55.1 1$20.9 60.9 £16.2

ﬁozuax.mllkg-min Sl.hit 5.0 54.8 £ 7.1 50.1 ¢ 4.5 52.1 ¢ 5.5

Heart rate max, bpm 192 t 7 193 + 8 189 6 191 7




EF, 20°/8,Nn
EF,180°/3,Nm
KE, 30°/s,Nm
KE,180°/s,Nn
HG,kg

IDL,kg

Box Lift, kg

Abbreviations:

Table 2. Muscular strength and 1ifting capacity-
baseline data (mean ¢ SD)
Battery
Alpha Bravo Charlie Total

56.6 £ 11.4 59,3 2 11,1 52.3 ¢+ 10.2 56.1 £ 10.9

44,5 £ 12.5 46.5 ¢ 9.6 39.9 ¢ 9.0 43.6 + 10.4
239 1z 60 226 + 64 231 59 232 t 61
168 = 39 155 = 32 151 = 37 158 + 36

63.0 + 10.8 64.1 ¢ 8.9 59.2 + 10.8 62.1 + 10.2

80.7 £ 19.9 77.1 £ 10.1 75.1 £ 11.5 77.6 + 13.8
64.8 £ 14,9 58.0 + 9.8 59.4 + 11.2 60.7 ¢ 12.0

EF = elbow flexion, KE = knee extension, HG = handgrip,
IDL = incremental dynamic lift.




‘ Tohis 3. Upper and lowsr body ancercbio power-baseline data (Mean + SD).

PP, W/kg
w, Wkg
%

PP, W
PP, W/kg
P, W
MNP, W/kg
PD, #

Abbreviations:

PP

Battery
Alpha Sravo Charlie Total

623 ¢ °0 $56 + &7 B4 + 87 575 + 97
1.7+ 0.7 7.52+0.9 7.6 ¢+ 0.5 7.6 * 0.7
869 ¢ 33 6 + 62 389 + 89 425 + 78
5.8 + 0.8 5.6 + 0.7 5.4 + 0.6 5.6 + 0.7
46,6+ 10.8 46.8+ 9,1t 50.0+ 8.7 £8.5+ 9.7
665 + 1D 669 + 82 551 ¢+ 15 629 + 121
8.3 +1.3 8.9 + 1.0 T.6 + 1.2 8.3 +1.2
AgY4 + 94 N85 ¢ 67 397 + 93 s + 85
6.0 + 0.9 6.5 + 0.8 5.5 + 0.7 6.0 + 0.8
55.0+ 8.5 48.5 + 6.5 by, 7+ 1b.2 b9.4+ 10.4
= peak power, MP = mean power, PD = power decrease

10
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Tabla 4. Fleld performanve s¢. res by rating period (mean t 3D).

Battery
Period (hrs) Alpha Bravo Charlis Mean
0700 - ' 6.6 6.0 4.9 5.9
. 1900 20.5 1.0 1.8 *1.3
1900 - 5.6% 8.0# 6.6% 6. T*
. 0709 +0.6 +0.2 1.0 .2

* n<,05, Between periods

11
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capacities,

Age, yrs.

Bady weight, kg
Body Fat, §

¥st Tree Mass, ikg
ﬁoﬂnax. wl/kg-min
BRI (30%/8), Xp
Br (180°/3), Nm
KE (30°/3), Nm

KE (180°/3), Nm
Handgrip, kg
IDL. kg

Box Lift, kg

Upper Body Wingate Test

Peak Power, W
Mean Power, W
Power Decr, %

Lower Body Wingate Test

Peak Power, W
Mean Power, W
Power Decr, §

* p<.05

Tab o 5, Correlation coefficients between rield performance a~ores and physical fitnoess

Pericd
0700 -~ 1900 1500 -~ Q709
0.122 0.130
9.°77 -0.161
0.8 -0.25
-0.070 -0.343
"0.005 00239 he
0.021 o0.0mMm
-0,001 0.015
0.074 -0.015
0.195 -0.071
0.174 0.218
0.036 -0.255
0.07 -0.133
0.0%1 ~0.364
0.314 =0.222°
-0.325 -0.453%
0.173 -0.107
0.297 -0.003
-0.015 -0,558¢%
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qﬁ:;e lou. Percent power dsorease from the upper body (r = -0.453) and lower
bedy (r = -0,558) Wingate test was the only variable signiticantly correlated
with performance bhut only during the night period.

Tha mean combined physical performance scores each day of the scenario are
presented in Table 6. The scores were significantly higher on the first and
last days of the scenario compared to the other days. No differences in
performance were seen from days 2 through 7.

Pre-post scenario changes. Tables 7-10 present the changes in body

composition, anaerobic power, muscular strength, and 1lifting capacity,
respectively, that occurred from pre t¢ post—-scenario. The mean data are
presented for all subjects combined and for each of the three gun crews
individually.

A significant decrease in percent body fat and a corresponding increase in
fat free mass wvere seen for all subjects (Table 7). Tnese changes were
primarily due to the much greater decrease in percent body fat of soldiers
from Charlie battery than these from the other two guncrews. No change in
body weight for the entire group or any of the individual gun crews occurred
over the B-days.

In general, only small changes were seen in power outpuis measured during
upper body anaerobic exercise from pre (o post-scenarjio (Table 8). However,
the 4% increase in mean power Seen for all subjects did reach the leval of
statistical significance (p<.05). This was due to a 6-T% increase in the
soldiers from Bravo and Charlie batteries as those of Alpha showed no change.

All of the measures of muscular strength were significantly increased from
pre to post-acenario (Table 9). The isokinetic measures of strength increased

from 12 to 18% while isometric handgrip strength increased 7% for all

13
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tabie 6. Physiocal performance scores during each day of the scenario (mean + 8D,
n = number of subjects).

Day
1 2 K ] 2 ] L i} Mean
Sesre 6.8 6.3 6.2 6.4 6.3 6.0 5.7 6.8 6.3
#M.6 +1,6 A4 a4 11 0.8 4.0 0.8 4.2
n 23 23 22 22 22 20 20 22

# p<.05, compared to other days.

14




Tadle 7. Changes in body composition from pre to post scenario (mean : SD).

Pre Post 3 _Difef.
Body weight, kg
Alpha 80.6 + 18.1 81.0 + 18.0 0.5
Bravo 73.9 ¢+ 1.7 4.0 ¢ T.U4 0.1
Charlie 7.7 £+ 10.8 72.3 + 11,0 0.8
All subjects 75.6 + 12.7 75.9 + 12.7 0.4
Body Fat, §
Alpha 17.1 ¢+ 4.6 16.7 ¢+ 5.0 -2.3
Bravo 15.7 + 2.8 5.4 + 2.4 -1.9
Charlie 16,3 + 4.2 4.5 % 3.5% ~11.0
All subjects 16.3 + 3.7 15.6 + 3.6% -4.3
Fat Free Mass, kg
Alpha 66.4 + 12,4 66.9 + 11.7 0.8
Bravo 62.3 + 6.5 62.6 + 6.0 0.5
Charlie 59.8 + 7.8 61.7 + 8.7% 3.2
All subjects 63.0 + 9.1 63.8 + 8.8+ 1.3

* p<.05
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Table 8. Changes in upper body anaerobic p~wer from pre to post scenario
(mean + SD).
Pre Post § Diff.
Feak Power, W
Alpha 630 + 120 616 + 99 ~2.2
Brevo 596 + 55 621 + 79 b2 .
Charlie 573 + 114 594 + 117 3.7
All subjects 601 + 94 613 + 92 2.0
Mean Power, W ‘
Alpha 493 + 98 490 + 106 -0.6 I
Bravo k51 + 69 479 + 60 6.2 l
Charlie 442 + 89 473 + 82% 7.0
A1l subjects he2 + 83 ug1 + 8o* 4o
Power Decr, ¢
Alpha 44,9 + 9.1 2.7 + 5,2 -4.9
Bravo 47.2 + 9.5 us.4 + 8.9 -3.8
Charlie 2.1 +12.7 39.7 + 9.3 -5.7
All subjects 45.1 + 10.0 h3.1 + 8.0 -4.4
* p <,05
16



Table 9. Changes in muscular sirength from pre to post scenario (mean + SD).

Pre Post % Diff.

EF (30°/8), Nm

Alpha 55.0 + 9.5 62.5 + 13.6* 13.6

Bravo 58.9 +11.0 62.9 + 13.2*% 6.8

. Charlie 49.9 + 7.6 60.0 + 10.1* 22.2
All subjects 55.3 + 10.0 62.1 + 12.2% 12.3
R EF (180°/s), Nm

Alpha 43.8 + 7.8 47.9 + 12.3 9.4

Bravo 43.0 + 9.5 50.3 + 13.4% 17.0

Charlie 35.8 + 5.7 7.2 + 9.0% 31.8

All subjects hi.5 + 8.5 48.7 + 11.7% 17.3
KE (3G6°/s), Nm

Alpha 233 + 51 248 + 60% 6.4

Bravo 216 + 66 261 + 65% 20.8

Charlie 173 + 37 227 + 28+ 3.2

All subjects 212 + 58 249 + 57* 17.5
KE (180°/s), Nm

Alpha 160 + 39 174 + 4o* 8.8

Bra o 150 + 31 173 + 36* 15.3

Charlie 122 + 27 143 + 28% 17.2

All subjects 147 + 35 167 ¥ 37% 13.6
Handgrip, kg

Alpha 64.6 + 9.0 69.4 + 9.5*% 7.4

Bravo 62.9 + 5.3 68.9 +11.2 9.5

Charlie 59.7 + 9.9 60.4 + 9.5 1.2

All subjects 62.7 + 7.8 66.9 +10.5% 6.7

* p<.05




Table 10. Changes in lifting capacity from pre to post scenario (mean + SD).

i
| Pre Post $ Diff.
o IDL, ke
: Alpha 78.3 + 20.4 93.4 + 19.3* 19.3
» Bravo 74.6 + 10.6 83.2 + 11.8% 1.4
| Charlie 65.0 ¥ 11.7 .83 9.7 10.5
All subjects 73.4 + 15.3 83.7 + 16.2* 14.0 *
Box Lift, kg .
Alpha 67.2 + 14,9 76.2 + 18.1 13.4 .
| Bravo 57.2 + T.2 66.2 + 11.8% 15.7 ‘
| Charlie 60.1 + 1C.3 66.8 + 14.6 1.1
All subjects 61.4 + 11,6 69.8 + 15.0% 13.7
| * p<.05
|
|
\
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subjects. Each guncrew showed increases 1in all of the strength measures bLut,
with the exception of handgrip strength, soldiers from Charlie battery showed
the greatest increases followed by those from Bravo and Alpha.

Significant increases in maximal 1lifting capccity also occurred from pre
to post-scenario (Table 10). Both the IDL and box lif: increased
approximately 14% for all subjects combined with each pattery showing at least

a 10% increase.

Field Heart Rate Monitoring

The mean time spent per day sleeping and at various levels cof physical
activity as determined from continuous heart rate monitcring is presented i
Table 11. Incomplete heart rate data were obtained for many subjects over the
8~day period due either to a failure of the electrode preparation to remain
intact or to the subject removing the electrodes because of skin irritation or
interference with movement. Thus, the number of subjects with complete data
varied considerably across days as seen in the table. The mean amount of
sleep obtained daily for all subjects was 5.3 hrs with individual averages
ranging from 3.5 to 6.8 hrs. Approximately 90% of this sleep came during the
nocturnal pericd. No significant differences occurred across days in the time
spent asleep for any of the guncrews, In addition to sleep, subjects spent a
mean of 5.5 hrs per day at heart rates equal to or below the baseline level.
The baseline heart rates were not significantly differer® among guncrews and
averaged (+SD), 77+2, 76+3, and 81+3 for Alpha, Bravo, and Charlie,
respectively.

Table 11 also depicts the mean time that subjects spent each day at

physical intensities equal to or above 25%, -0%, and 75% of their maximal
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T4bié 11. Time spent sleeping and at various heart rate (HR) intensities during each day
‘ of the stehario (mean + SD, n = number of subjects).

ht

Baseline
HR; hr

HY 259,
ir

iR s0%,
#Hin

HR 75%.
niri

n

(S, ]
«
o

1.70
+1.66

14,
415,

- O

1.
+2,

(91 I~

12

I+
-— b

I

-0
“ »
oo

I+

I+

2.04
+1.28

- o

.

i,
5
0'9
2.2
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Day

3 5 4
5.3 4.8 5.5
*.0 .5 .2
5.2 5.2 3.4
*.C *2.5 *2.5
.85 3.19 3.29
+1,83 *2.15 *2.27
28.8 29.2 23.6
230.4 *24.0 *21.3
3.5 6.1 2.1
+5.0 *8&1 +3-6

8 Mean
5.3 5.3 .
+1.2 *1.3
5.6 5.5
2.9 +2.8
.15 2.53
+i.45 *2.16
19.5 22.0
+23.0 +20.7
3.6 2.9
+6.8 +4.6
11




exercise heart rates. The mean+SD heart rates at these three levels were
10645, 134+5 and 163+6 beats per minute, respectively. As can be seen, the
time spent at heart rates 25%, 50%, and 75% of maximal averaged 2.5 hr, 22 min
and 2.9 min per day, respectively. At all heart rate intensities, values for
Alpha and Bravo were significantly lower than for Charlie (p<.05).

The mean hourly heart rates for each guncrew during Day U4 of the scenario
are shown in Figure 1. This day was selected because of the high number of gun
movements (7) and fire missions (60). Similar heart rate patterns were found
for the other days where mean values generally ranged from 80 to 100 beats per
minute during the active period. A general pattern was established which was
similar for each day of the scenario. Gun movements occurred from
approximately 0800 to 1600 with ammunition resupply taking place in the late
evening. The highest mean heart rates were found for each guncrew during this
lstter period. A relative lull 1in operations occurred between 2300 and 0700
hrs where fewer fire missions took place than during daylight hours and there

were no gun movements.

DISCUSSION

The major finding in this study was the lack of any evidence of physlcal
fatigue as assessed by measures of physical fitness capacity and ratings of
physical performance resulting from participation in an 8-day continuous field
artillery operation. The observations relative to changes in muscle strength
and endurance contrast with those reported by Murphy et al. (4) who found
reductions in upper body mean power from the Wingate test and in isokinetic
strength of the elbow flexors for infantry soldiers immediately after a 5-day

combat-simulated scenario. More recently, Legg and Patton (6) also reported
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decrements in upper body mean power as well as isometric handgrip strength
following an 8-~day field artillery trial. In both of these studies there was
an unusually high degree of upper body exercise throughout the scenario in the
form of either backpack 1load carriage (4) or manual handling of artillery
shells (6).
| The absence of any decrease in measures of physical capacity and rutlngs
of physical task performance may reflect differences either in the amount of
dedicated sleep the soldiers obtained and/or 1in the intensity of the physical
task demands compared to the other scenarios. Both factors would
significantly impact upon the physical performance of soldiers in a continuous
operations environment. In the study by Legg and Patton (6) soldiers handled
a significantly greater number of artillery shells per day, lost a mean of
1.9% in body weight over an 8-day period, and averaged less sleep
(approximately 3 hr) per day compared to the 5.3 hrs of sleep for subjects in
the present study. These differences suggest a much greater energy
expenditure and thus a more physically demanding scenario which could account
tor the differences in muscular strength and anaerobic power seen during post-
testing between these two studies. Furthermore, in the 5-day infantry {17)
scenario soldiers spent nearly 70% more time per day at heart rates equal to
or greater than 50% of their maximal heart rates further suggesting this
scenario was more physically demanding than the present one.

The scenario evaluated herein was considered to be realistic in terms of
the sleep obtained and the frequency and intensity of the physical tasks
performed. In accordance with current doctrine guncrews were allowed to sleep
when possible. The crewchiefs were given latitude in rotating individual

crewmembers on the guns so that dedicated sleep could be obtained. To further
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facilitate sleep the intensity of the operation was reduced during the early
porning hours. Thus, sleep deprivation was not a significant contributor to
the overall stress of this particular scenario. In addition, the relatively
little time spent at heart rates exceeding 50% of maximal suggests that this
scenario could be classifiea, at best, as "moaerate" in terms of its physical
activity intensity. However, this would appear o be In agreement with the
observations made by Waldun and Huser (19) as cited in Rognum et al. (20) that
soldiers during simulated combat situations exceed 50% of their maximal oxygen
uptake for only short perioda of time,

The significant t{ricreases in measures of muscular strength and lifting
capacity found durirg post-testing suggest either a training effect or a
difference {n cthe motivation of soladlers than was displayed during the pre-
testing pericd. It is known that strength can imprcve at a rate tetween 0.3-
5.0% per session using a progressive resistance model depending on the initial
training stace and type of contraction employzd (21). However, initiai gains
in strength may be due to a "learning effect" as a result of neuromuscular
adaptation (22). In addition, during the post-testing period, there was a
general sense of euphoria among the soldiers as a resuit of successfully
completing the trial which was preceded by significantly higher performance
scores on the final day of the scenario. Thus, a greater level of motivation
may have accounted for some of the changes 3Seen in muscular strength post-
scenhario.

fnother principle finding of this study was the lack of any significant
relationship Letween physical fitness capacities and performance of physical

tasks during the scenario. This may have been due to a numdber of reasons.

Cne of the most plausible was the inability of the raters to adequately




digscriminate among soldiers in assassing thelr phvsicsl Lerformance. This it

suggested by the very similar and fraequently 1{identic2l ratings given to a
| numider of soldiers cduring the same rating period. Although the ratirg scale
ranged from 1 to 18, the individual mean scores oniy ranged from 4.3 to 7.5.
There also were differences in the way performance was rated as evidencecd by
aignificant differences among the three batteries ard hetween rating perliods
vhich could have impacted on Gthe correlational analysis. Furthermore, the
lack of any significant relationship could bYe due, in part, to the soldiers
being a fairly homogeneous group in terms of their exercise capacities.
However, a fairly wide range in values was found for most fitness variables.
Finally, the relatively small number of subjects who were tested and evaluated
cduring the scenario made 1t difficult to establish statistically significant
relationshina between fliness and nerformance. A significant 1inverse

relationship, hcwever, was found between the performance score and power

decrease measured from the Wingate test. Since the latter is purported to be
a measure of fatigue, a case could be made that soldiers who showed less
fatigue performed better on the physical tasks during the scenarioc. However,
since this relationship was found only during the 1900-0700 rating peri. i,
considerable doubt is raised as to its significance,.

- The continuous measurement of heart rate provided a suitable means to
assess the physical intensity of continuous military operations as previously
shown (17). However, it must be kept in mind when evaluating such data that
heart rate measurement is an indirect estimation of energy expenditure and
subject to a large prediction error. Factors such as state of physical
training, type of physical activity, emotion, fatigue, ete. can markedly alter

the relationship between heart rate and oxygen uptake (23). Therefore, no
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dttempt was made in this study to estimate energy expenditure frcm the heart
rate recordings. The data do show, however, that high levels of physical
ictivlty were sttained only infrequently and {ntermittently and that during

the sctive perioda, heart rates averaged below 100 beats/min,

CONCLUSIONS
1. No significant relationships were found between physical fitnesas
capacity, as measurad by laboratory tests, and ratings of physical task
performance during the 8 days of continuous operations, These results,

however, should not minimize the importance of physical fitness {n the

performance of tasks involving strenuous work as an abundance of evidence
exists showing high levels of fitness to be essential for the efficient
performance of physical tasks. The probable reasons for the negative findings
; have been discussed.
| 2. Soldiers who are allowed 5 hrs of sleep per day and are required to
| perform at relatively moderate levels of physical intensity, with only brief
periods at high intensity, show no decrements in physical fitness capacity or
evidence of physical fatigue for up to 8 days of continuous operations.

3. The levels of aerobic power, anaerobic capacity and muscular strength
of the artillerymen in this study were comparable to other Army populations of .
similar age and proved adequate to meet the physical demands of this
particular combat simulated scenario.

4, Soldiers undergoing realistic, continuous field artiliery operations

are able to obtain adequate sleep and spend only short pericds of time each

day at high levels of physical activity.
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APPENDIX A
INDIVIDUAL PHYSICAL PERFORMANCE DATA

RATING FORM
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FT SILL: ARTILLERY RESEARCH STUDY
INDIVIDUAL PHYSICAL PERFORMANCE DATA

DATA COLLECTOR: UNIT ID:
DATE (DDMMYY): CYCLE:
GUN/FDC:
INSTRUCTIONS
Select the single moat appropriate rating (by placing an "X" in »

the corresponding column) which best describes the over-all physical
performance of each soldier while carrying out his duties/tasks
during the 12 hour period of your observation.

It should reflect such attributes as: how energetic or active he

performs his tasks, his ability to handle the physical demands of \
his job, physical ability to "keep—-up", signs of fatigue versus

"freshness", forcefulness or aggressiveness in performing his
physical duties.

BELOW AVERAGE

SUBJECT #
AVERAGE
~  EXCELLENT
© SUPERIOR

=  POOR

[
W
f
w
o

10 COMMENTS

SN S U -

GENERAL COMMENTS:

30

A IO MO I RN T e AR T o 0 e



DISTRIBUTION LIST
2 Copies to:

Commander

US Army Medical Research and Development Command
SGRD-RMS

Fort Detrick

Frederick, MD 21701

12 Copies to:
Defense Technical Information Center
ATTN: DTIC-DDA
Alexandria, VA 22314

1 Copy to:

Commandant

Academy of Health Sciences, US Army
ATTN: AHS-COM

Fort Sam Houston, TX 73234

1 Copy to:
Dir of Bioi & Med Sciences Division
Office of Naval Research
800 N. Quincy Street
Arlington, VA 22217

1 Copy to:
CO, Naval Medical R&D Command
National Naval Medical Center
Bethesda, MD 20014

1 Copy to:

HQ AFMSC/SGPA
Brooks AFB, TX 73235

1 Copy to:
Director of Defense Research and Engineering
ATTN: Assistant Director (Environment and Life Sciences)

Washington, DC 20301

1 Copy to:

De:an

School of Medicine Uniformed Services
University of Health Sciences

4301 Jones Bridge Road

Bethesda, MD 20014

ORI RN e L S e




1 Copy to:

HQDA

Training Directorate, 0 DCSOPS
ATTN: DAMO-TR&/Maj(P) Hayforg
WASH, DC 20310-04

1 Copy to:

Director

Army Physlical Fitness Research Institute

Box 469 .
US Army War College

Carlisle Barracks, PA 17013

1 Copy to:

Director

Soldier Physical Fitness School
ATTN: ATSG-PF

US Army Soldier Support Institute
Fort Benjamin Harrison, IN 46216

1t Copy to:

Dr. James Hodgdon

Environmer. a1l Physiology Department
US Naval Health Research Center
P.0. Box £5122

San Diego, CA 92138

: 1 Copy to:

Dr. M. F. Haisman
i Head, Applied Physiology
; Army Personnel Research Establishment
c/0 RAE
Farnborough
Hants, GU14 6TD .
United Kingdom




