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Occupations such as emergency medical care, fire 
fighting, and the military involve sudden bouts of 
high-intensity exertion, which are not performed 
on a regular or predictable basis. The physical 
stress of sudden, high-intensity exercise may re
sult in a higher injury rate and diminished job 
performance in individuals who are not physically 
prepared. Occupations requiring frequent man
ual materials handling involve considerable ex
ercise, and novice handlers can be expected to 
improve performance during the first month of 
employment simply by performing the task (Ge
naidy, Mital, and Bafna, 1989; Sharp and Legg, 
1988). Once an acceptable level of performance 
is reached, day-to-day task execution does not pro
vide sufficient physical stress to produce further 
increases in performance or strength. 

Progressive resistance training (or weight train
ing) is generally accepted as an effective adjunct 
to the practice of technique for improving perfor
mance in sports. It follows that an effective train
ing method for physically demanding occupa
tional tasks would be performance of the task, 
along with supplemental progressive resistance 
training. Such a training method is not commonly 

implemented in industrial settings. For workers 
who perform intense lifting only occasionally, the 
frequent performance of simulated job tasks, for 
the purpose of building physical strength would be 
prohibitively expensive in terms of both resources 
and time. In addition, the equipment for task
specific training is rarely available to industrial 
employees. Some corporations provide employees 
with exercise facilities, but the goal is to improve 
health not job performance. A program of pro
gressive resistance training using carefully se
lected exercises may be a practical approach to 
strength training for physically demanding occu
pational tasks. 

Little information is available to show the 
effects of progressive resistance training on man
ual materials handling performance. Asfour and 
coworkers (1984) utilized progressive resistance 
box lifting and aerobic training and noted signifi
cant increases in strength, aerobic capacity, and 
one-repetition-maximum box lift following 6 
weeks of training. Sharp and Legg (1988) imple
mented a psychophysical training program in 
which subjects trained for 4 weeks lifting a box 
adjusted to the maximum load they estimated they 
could lift for 1 hour at a rate of 6 lifts. min -1. 

Psychophysical training increased the box mass 
lifted for 1 hour. In a group of related studies, 
Genaidy and colleagues (1989, 1990, 1991) re
ported increases in task endurance time of 46 % to 
1200 % for a series of manual materials handling 
tasks. Subjects were trained by performing the 
task to exhaustion and time to exhaustion served 
as the performance measure (Genaidy, Mital, and 
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Bafna, 1989; Genaidy, Bafna, Sarmidy, and 
Sana, 1990; Genaidy, 1991). As the greatest im
provements in performance are observed when 
the training and testing modes are identical (Fleck 
and Kraemer, 1987), it should be noted that these 
training studies utilized the same equipment and 
activities for testing and training. The effects of 
traditional progressive resistance training meth
ods on occupational manual materials handling 
performance have not been examined. The pur
pose of this study was to determine if 12 weeks 
of progressive resistance training is an effective 
means of improving performance of an occupa
tional lifting task. 

MATERIALS AND METHODS 

Twenty-five men with minimal manual materials 
handling experience volunteered to participate in 
the experiment. Subjects were briefed on the re
quirements and hazards involved in the study and 
read and signed a statement of informed consent. 
None of the volunteers had been involved in a 
resistance training program within the previous 
6 months and all subjects were instructed not to 
begin any new training procedures. Age, height, 
and body mass (mean ± standard deviation) were 
24.6 ± 5.3 years, 178.6 ± 5.1 cm, and 76.4 ± 
12.8 kg, respectively, for the control group (n = 

7), and 18.9 ± 1.1 years, 175.7 ± 7.2cm, and 
73.3 ± 10.7 kg, respectively, for the training 
group (n = 18). Although there was a significant 
difference in age in the two groups, there were 
no significant differences in any other pretraining 
measurement, and age was not a significant covar
iate. More subjects were placed in the experimen
tal group than in the control group to allow for a 
potentially greater attrition rate. 

Lifting familiarization, subject descriptive 
measurements, and determination of maximal 
manual materials handling capacity took place 
during the 3 weeks preceding the training pro
gram. The descriptive measurements and maxi
mal manual materials handling test were repeated 
following the 12th week of training. 

The manual materials handling task was de
signed to simulate the resupply of a U.S. Army 
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155-mm Howitzer. Resupply is one of the most 
physically demanding tasks the field artillery sol
dier performs and elicits the highest heart rates 
(Patton, et aI., 1991). The crews move as many 
as 134 projectiles weighing 41 kg each from the 
supply vehicle to the howitzer in 10 minutes or 
less. This task can be compared to flood rescue 
workers piling sandbags, or emergency medical 
personnel carrying the wounded from a mass casu
alty scene. The dependent variable for the maxi
mal manual materials handling test was the total 
number of lifts of a 41-kg box completed in 10 
minutes. A floor-to-chest level lift was selected to 
involve the upper body and to remove the advan
tage tall subjects have when an absolute lifting 
height is used. The task was performed on a repeti
tive lifting machine on which the shelf rose quickly 
from floor level to chest height when the box was 
removed from its surface and returned to floor 
level when the box was replaced on its surface 
(Teves, McGrath, Knapik, and Legg, 1986). Ox
ygen uptake, heart rate, and lift rate were re
corded continuously. Subjects were instructed to 
develop an optimal pacing strategy to complete 
as many lifts as possible during the 1 O-minute test. 
A straight-back, bent-legs lifting technique was 
encouraged but not required. Subjects performed 
two to three pretraining manual materials han
dling tests during the initial 3-week period. Ade
quate lifting-skill acquisition was indicated by the 
fact that performance on the third pre training 10-
minute test was higher than the second test in only 
one case, and this was by one lift. The intraclass 
reliability coefficient was .97 for three trials and 
.93 for two. The highest test score was selected 
as the pretraining measure. 

Measurements were made to assess the aerobic 
power, strength, and body com position of the sub
je.cts. A repetitive lifting maximal oxygen uptake 
(Vo2 max) test was conducted to evaluate the 
aerobic fitness of the subjects and to de~cribe the 
relative exercise intensity (percentage V02 max) 
during the manual materials handling test. Proce
dures were identical to those previously reported 
(Sharp, Hamlan, Vogel, Knapik, and Legg, 1988), 
except that the lifting height was chest level, to 
equate with the manual materials handling test. 

One repetition maximum lifts, defined as the 
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heaviest loads that could be lifted once, were as
sessed for bench press, squat, deadlift, and box 
lift. Maximum box lift was the heaviest load lifted 
to a chest-high shelf using a box similar to that 
used during the manual materials handling task 
(Sharp and Legg, 1988). Body composition was 
estimated using the hydrostatic weighing method 
(Fitzgerald et al., 1988). Residual lung volume 
was measured just prior to underwater weighing 
using the closed circuit oxygen rebreathing tech
nique (Wilmore, Vodak, Parr, and Girandola, 
1980). 

The experimental subjects (n = 18) partici
pated in a 12-week progressive resistance training 
program 3 days per week (Monday, Wednesday, 
and Friday) and executed 10 exercises in random 
order. The free-weight exercises used were bench 
press, deadlift, squat, bent-knee sit-up holding 
dumbbells, high pull (rapid lift of weighted bar 
from floor-to-chest level), and standing bent-arm 
lateral dumbbell raise. Exercises performed on a 
Universal Gym apparatus were seated row, stand
ing shoulder shrug, standing military press, and 
hanging leg raise. Subjects performed 3 to 5 sets 
of each exercise. If a subject was able to perform 
a set easily, the weight used was increased for the 
next set of that exercise. All workouts were pre
ceded and followed by stretching. The control 
group subjects (n = 7) maintained their preexper
iment exercise habits, which did not include pro
gressive resistance training. 

Analyses of variance with an alpha of .05 were 
used to test for group differences in pretraining 
lifting performance and profiling measures, and 
pre- to posttraining percent changes. Measures of 
strength, aerobic power, and anthropometry were 
correlated with the 10-minute manual materials 
handling test to determine the relative importance 
of the various fitness components in performing 
this type of task. 

RESU LTS 

Increases in strength of the training group con
firmed the effectiveness of the progressive resis
tance training program. The strength determina
tions and the mean percentage change pre- to 

Table 1. Maximal Weight Lifted by Control 
(n = 7) and Training (n = 18) Groups Pre- and 
Posttraining Period 

Pretraining Posttraining 

Bench Press C 79.0 ± 17.4 77.1 ± 14.1 
T 76.5 ± 14.5 92.4±16.1 

Deadlift C 124.4±23.7 134.0 ± 21.5 
T 128.9 ± 18.2 153.6 ± 20.2 

Squat C 102.5 ± 25.2 111.3 ± 28.5 
T 104.4 ± 21.7 138.5 ± 21.3 

Combinedr C 305.9 ± 62.6 322.5 ± 60.5 
T 309.9±49.7 384.6 ± 52.8 

Box lift C 71.9 ± 8.2 79.1± 9.3 
T 73.0 ± 10.3 89.0 ± 10.3 

• Significantly greater than control group (p < .05). 
t Combined = bench press + deadlift + squat. 
C, control group; T, training group. 

%A 

-1.6 
21.3· 
8.9 

19.8" 
8.4 

34.6" 

5.9 
24.7" 
10.1 
22.8* 

Data are given as the mean ± standard deviation and 
percentage change (%6). 

posttraining are presented in Table 1. Training 
group increases in strength were significantly 
greater than those of the control group for all 
strength determinations as illustrated in Figure 1. 
The percentage increases in the training group 
ranged from 19.8% on the deadlift to 34.6% on 
the squat. 

Measurements made during the manual mate
rials handling test are listed in Table 2. At the end 
of 12 weeks, the progressive resistance training 
group increased the number of lifts completed 
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;;: 
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Figure 1. Pre- to Posttraining Period Change 
in Strength for the Control and Training Groups. 
" = Significantly Different (p < .05) from Control 
Group. 
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Table 2. Manual Materials Handling Performance for Control (n = 
Groups Pre- and Posttraining Period 

7) and Training (n 18) 

Pretraining 

Lifts completed C 84.9 ± 26.1 
T 79.1 ± 17.4 

V02 (ml'kg-I'min-I)t C 41.1 ± 6.5 
T 37.9 ± 5.0 

Heart ratet C 171.0 ± 9.3 
(beats' min - I) T 179.1± 6.8 

% V02 maxt.: C 88.9 ± 12.3 
T 83.1 ± 9.3 

Lift height (cm) C 140.7 ± 3.9 
T 137.7± 5.8 

• Significantly different than control group (p < .05). 
t Mean for 10 minutes of lifting. 
I C, control group; T, training group. 

Posttraining %A 

82.0±21.7 - 2.4 
92.4± 17.6 18.8* 

38.4± 7.8 -7.1 
38.1 ± 7.1 2.0· 

169.6 ± 12.1 -4.4 
182.8 ± 5.8 2.1 * 

86.9 ± 15.0 -2.4 
88.0±12.1 6.5 

Data are given as the mean ± standard deviation and percentage change (%b.). 

during the 10-minute manual materials handling 
test significantly more than the control group. The 
mean change in the control group was - 2.9 lifts 
( - 2.4%), whereas the training group improved 
by an average of 13.3 lifts (18.8%). 

Pretraining repetitive lifting Vo2max was 45.6 
± 5.2m1·kg-l. min- 1 and46.5 ± 6.2ml·kg-1. 
min - I for the training and control groups, respec
tively. There was no significant difference be
tween the groups. Because treadmill Vo2max av
erages 12 % higher than repetitive lifting Vo2max 
(Sharp, Harman, Vogel, Knapik, and Legg, 1988), 
an estimate of the subjects' treadmill Vo2max 
would be 51 mI' kg- I • min - I, which is average for 
males with similar characteristics (Vogel, Patton, 
Mello, and Daniels, 1986). The progressive resis
tance training program did not produce an in
crease in aerobic capacity. 

The percentage change from pre- to posttrain
ing in oxygen uptake and heart rate during the 
manual materials handling test in the training 
group was significantly different from the control 
group. When exercise intensity was considered 
relative to aerobic capacity ( % V 02max), there was 
no significant difference between groups pre- or 
posttraining. For the same relative exercise inten
sity, the training group was able to complete more 
lifts after training. 

Twelve weeks of progressive resistance training 
resulted in a greater increase in body mass and 
fat-free mass in the training group than in the 
control group, as listed in Table 3. The training 
group mean increase of 3.7 kg body mass was 
composed of 2.5 kg fat-free mass and 1.1 kg body 
fat. 

Table 4 contains the correlations between sub
ject descriptive measures and the number of lifts 
completed in 10 minutes for coinciding measure
ments made pretraining and posttraining and for 
the absolute change pre- to posttraining (correla
tion of post- minus pretraining measurements). 

Table 3. Body Composition of Control (n = 7) 
and Training (n - 18) Groups Pre- and 
Posttraining Period 

Pretraining Posttraining %A 

Body mass C 76.4 ± 12.8 77.0 ± 14.1 0.4 
(kg) T 73.3 ± 10.7 77.0±13.1 4.4* 

Fat free C 65.4 ± 10.0 66.3 ± 9.7 1.5 
mass (kg) T 61.9± 7.3 64.4± 8.1 4.1 * 

Body fat C 11.0± 5.5 10.7 ± 7.3 -9.4 
(%) T 11.4 ± 5.0 12.5 ± 6.3 6.7 

* Significantly greater than control group in percent change 
(p < .05). 
C, control group; T, training group. 
Data are given as mean ± standard deviation and percentage 
change (%A). 
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Table 4. Manual Materials Handling Task 
Performance Pretraining, Posttraining, and Pre
minus Posttraining Periods Correlated with 
Coinciding Measures of Strength, Aerobic Power, 
and Body Composition for Twenty-Five Subjects 

Box lift 
Bench press 
Squat 
Deadlift 
Combined! 
Fat-free mass 
Body mass 
V02 max 

(ml.kg-I.min -I) 

Number of Lifts Completed 
in 10 Minutes 

Pre- Post- Pre-
training training Post A· 

0.52' 
0.77' 
0.56' 
0.67' 
0.71 ' 
0.68' 
0.64' 

-0.04 

0.34 
0.74' 
0.65' 
0.62' 
0.71 ' 
0.64' 
0.59' 

- 0.25 

0.32 
0.61' 
0.19 
0.57' 
0.53' 
0.23 
0.24 
0.11 

• Posttraining score minus pretraining score. 
t (p < .01) 
I Combined, Bench press + deadlift + squat. 

Manual materials handling task performance was 
significantly correlated with all measures of 
strength before and after training, with the excep
tion of one repetition maximum box lifting 
strength after training. When pre- to post training 
change scores were correlated, the change in man
ual materials handling performance was signifi
cantly correlated with the change in bench press, 
deadlift, and combined strength. Fat-free mass 
and body mass were significantly correlated with 
the number oflifts completed in 10 minutes before 
and after training, but the change in these mea
sures from pre- to posttraining was not signifi
cantly correlated. Bench press was most highly 
correlated with manual materials handling test 
performance, which suggests that upper-body 
strength is one of the limiting factors in per
forming this task. Maximal oxygen uptake (mI· 
kg - 1 . min - 1) was not significantly correlated with 
manual materials handling task performance at 
any time, indicating that strength and body size 
were more important than aerobic power. 

DISCUSSION 

Progressive resistance training is commonly used 
to improve athletic performance but has rarely 

been used to improve occupational task perfor
mance. Most studies of occupational training have 
involved task-specific training. In two previous 
studies, task-specific training programs resulted in 
a 26 % increase in load lifted for a 1 hour repetitive 
lifting task (Sharp and Legg, 1988), and 248% 
increase in endurance time on a symmetrical lift
ing task (Genaidy, Bafna, Sarmidy, and Sana, 
1990). In the present investigation, the improve
ment in manual materials handling performance 
resulting from progressive resistance training 
(18.8%) is more modest than that reported for 
task-specific training. It is important to recognize, 
however, that task-specific training is not a rea
sonable option for many occupations, due to the 
cost of training and the risk of injury. Progressive 
resistance training provides a convenient, eco
nomical, and safe alternative to task-specific train
ing. Repeated-task performance (task-specific 
training) maintains, but does not improve, job 
performance after an initial period of gain. Pro
gressive resistance training can be performed on 
an individually determined schedule, with stead
ily increasing loads to yield improvement in task 
performance. 

The progressive resistance training group 
showed a significantly greater increase than the 
control group in all measures of strength. The 
increases were similar to those observed in other 
progressive resistance training studies of similar 
duration and frequency (Fleck and Kraemer, 
1987, Atha, 1981). Greater training group in
creases were not unexpected for those measures 
employed as exercises within the progressive resis
tance training program (bench press, deadlift, and 
squat). However, there was also a significantly 
greater increase in occupational lifting strength 
(23 %) in the training group than in the control 
group (10%), as measured by a single lift of a 
maximally loaded box. That box lifting was not 
utilized as a training exercise in the present study 
demonstrates the effectiveness of a program de
signed to strengthen the muscles important to a 
particular activity. The deadlift exercise was simi
lar in technique to the initial portion of the box 
lift (floor-to-knuckle height), and the high pull and 
bench press exercises simulated the second portion 



of the lift (knuckle-to-shoulder height and push 
onto the shelf). 

Sharp and Legg(1988) observed a 6% increase 
in maximal box lifting strength following repeti
tive box lifting with no progressive increase in 
load· lifted, whereas Asfour and coworkers (1984) 
found a 55 % increase in box lifting strength with 
progressive resistance box lifting training. The 
55 % increase was double that observed in the 
present study and may be due to the use of the 
same movement for testing and training. It may 
also be due to a subject sample with a lower initial 
level of strength. The subjects in the current study 
had a pretraining maximum box lift score that was 
20 kg greater than the pretraining measurement 
reported by Asfour et al. (1984). As an individual 
approaches his genetic potential for developing 
strength, the rate at which strength gains are 
achieved is reduced (Fleck and Kraemer, 1987). 
This is supported by the work of Genaidy (1991) 
who found litde improvement with training in the 
box lifting strength in a group of subjects whose 
initial lifting strength was 90.6 kg. A 20% im
provement was found in a group of subjects with 
a 32 .3-kg maximum box lift. Lifting progressively 
heavier boxes is the most effective way to improve 
box lifting strength, but not all occupational tasks 
requiring physical strength lend themselves to 
task-specific strength training. 

Progressive resistance training provides the op-
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