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Table 1 . Demographic Data of the Two Groups 

Group 

Weight lifters 

Normal 
asymptomatics 

*Mean ± SD.

n 

4 

11 

Height• (cm) 
[Range] 

174 .0 ± 5.3 
(167.6-180.3] 
177. 6 ± 6.9
(162.6-188] 

Weight• (kg) 
[Range} 

93 . 1 ± 16.8 
(78.6-112. 7] 
81.1 ± 13 
[65. 5-9 7.7] 

isokinetic mechanism of the test machine was set at one of two test 
speeds: 30.5 cm/sec or 45 . 7 cm/sec. The choice of the initia! test speed 
was altemated for each subject to minimize learning effects. When the 
subject was performing repeatable lifts, as assessed by observation of 
the technique and of the force generated during the lift, the subject was 
asked to exert maxima( effort in a test lift during which the force 
generated, lift height, and EMG signals were recorded as a function of 
time. Lifts were repeated at )-minute intervals until data from three 
properly performed, repeatable lifts were obtained. After a 5-minute 
rest period, the practice and test sequence was repeated with the 
isokinetic mechanism govemed at the second test speed. 

The digitized EMG signals were full wave rectified and smoothed 
with a 20-Hz low-pass filter to create IEMG data. To compare the EMG 
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Flg 1. Percentage of maxima! force vs. percentage of lift height. 
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Fig 2. Percentage of maximal gluteus maximus isokinetic IEMG 
activity vs. percentage of lift height. 

signals collected from the weight lifters with those of the asymptomatic 
controls, the IEMG data were normalized. Two normalization methods 
were used. In the first, the maximum value of the IEMG signa(, 
obtained in the isometrie tests, was used as the normalization constant. 
In the second method of normalization, the maximum IEMG value 
recorded during any of the six isokinetic lifts (three lifts at two speeds) 
was adopted as the normalization constant. The force and height of lift · 
data were also normalized by !heir maximum values. Mean values and 
standard deviations were determined for the normalized IEMG and the 
normalized force data as functions of the normalized lift height for each 
of the two test groups . 

RESULTS 

Figures 1-5 display the mean values for the normalized IEMG and 
normalized force data as functions of the normalized lift height for the 
two test groups and the two lifting speeds. The normalized IEMG data 
are those resulting from the second normalization technique using the 
maximum IEMG value recorded during any of the isokinetic tests as the 
normalization constant. 

The force curves show that the weight lifters were able to achieve 
maximum force at 50% of their maximum lift height. The asymptomatic 
control subjects did not achieve maximum force until 67% of their 
maximum lift height. The rise to maximum force was quite abrupt for 
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Flg 3. Percentage of maximal quadriceps isokinetic IEMG activity 
vs. percentage of lift height. 

the weight lifters, whereas the asymptomatic control subjects developed 

force more slowly. The normalized force values at 33% of lift height 

were, however, the only values that showed significant differences 

(P < .05). 

The shape of the normalized IEMG curves for the latissimus dorsi 

closely followed that of the normalized force curves for both the weight 

lifters and the asymptomatic control subjects. The normalized IEMG 

curves for the gluteus maximus and erector spinae muscles were quite 

similar to each ether and <lid not significantly differ between the two test 

groups. Maximum normalized IEMG activity was achieved at about 

83% of normalized lift height in all cases. The normalized IEMG 

activity in the quadriceps, however, differed significantly between the 

two groups. For the asymptomatic control group, the quadriceps 

activity was maximum at the beginning of the lift and decreased 

throughout the lift. The quadriceps activity also decreased through the 

first half of the lift for the weight lifters, but then increased in the second 

half of the lift, reaching a maximum at about 83% of the lift height. The 

differences at 83% of lift height were statistically significant (P < .05). 

The two lift speeds <lid not produce much variation within or between 

groups; there were no statistically significant differences. It <lid take the 

weight lifters more time to achieve maximum force during the 45.7 

cm/sec lifts than in the 30.5 cm/sec lifts. 

DISCUSSION 

The large trunk and leg muscles monitored in this study were chosen 

because of their role in the lifting process. Other studies have looked at 

the activity of trunk and abdominal muscle groups,4•5 but no previous

studies have analyzed the synergistic action of the large trunk and leg 

muscle groups during a floor-to-knuckle-height lift. 

Normalization of EMG data is necessary to allow comparison 

between subjects and between groups of subjects. A common procedure 

used in many EMG studies to accomplish this is normalization by the 

EMG signa( from a maxima( voluntary isometrie contraction. Such a 

maxima( contraction implies that all motor units are firing at. their 

maxima( level, which has been confirmed by ether investigators. 1.6

There are problems, however, with the techniques that have been 

discussed previously.8•9 Further, the ability to perform a maxima(

isometrie contraction of a muscle is somewhat dependent on physical 

conditioning, posture, body awareness, and previous muscle training. 

This latter difficulty presented itself in the current study. In the 

original study design, unopposed resistant isometrie contractions were 
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Fig 5. Percentage of maximal erector spinae isokinelic IEMG activity 
vs. percentage of lift height. 

used for the gluteus maximus and latissimus dorsi muscles, white 
opposed resistance was used in isometrie contractions of the erector 
spinae and quadriceps. When these data were anaiyzed, it was noted 
that there were large IEMG standard deviations in the asymptomatic 
group for the unopposed resistance isometrie contraction for the gluteus 
maximus and latissimus dorsi; for the weight lifter, the IEMG standard 
deviations were smaller. lt was deduced from this that the weight lifters 
were familiar with these isometrie maneuvers as a part of the weight
lifting muscular display and were able to produce an efficient muscular 
contraction. Untrained asymptomatic control subjects were unable to 
activate these muscles effectively in this unopposed-resistance method. 
To overcome this, an alternative method of normalization was used, 
involving the maximum IEMG magnitude seen for each individual 
muscle during any of the isokinetic lifts. This technique produced 
reduced standard deviations that were similar for both test groups. 

The problems associated with normalizing EMG data are not unique 
to this study. Intersubject variability has been shown to be large,2

•
3

•
7 

and a variety of normalizing techniques have been used. These include 
1) the EMG at 100% maxima! voluntary contraction; 2) the EMG at
50% of maxima! voluntary contraction; 3) EMG magnitude per unit of
isometrie moment; 4) peak of the within-subject ensemble average; and
5) mean of the within-subject ensemble average. Yang and Winter
evaluated several of these techniques in a comparative study and found

that the peak within-subject ensemble average was most effective in 
reducing intersubject variability. 8 This technique is similar to the 
method used in this study, except that the absolute peak value was used 
for normalizing rather than the peak ensemble average. 

In examining the force curves, it is clear that the weight lifters 
achieved maximum force very early in the lift and maintained it for a 
Jonger period of time. The more rapid initia! rise of force by the weight 
lifter compared to the asymptomatic con trol subject is most likely due to 
a training effect, both neural and mechanica!, that allows them to 
optimally sequence the synergistic action of their musculature. How 
this is accomplished will be addressed by examining the role of each of 
the muscles individually. 

The gluteus maximus initially creates torque to extend the hips 
against the resistance of the weight of the trunk and of the object lifted; 
it then acts in terminal extension to rotate the pelvis posteriorly over the 
hips. The activity of the gluteus maximus steadily increases, peaking at 
83% of the lift height. The posterior pelvic rotation brings the burden 
closer to the midline of the body, improving the mechanica! advantage 
of the other muscle groups. Although not statistically significant, the 
weight lifters showed a greater amount of normalized IEMG in the 
earlier stages of the lift than did the asymptomatic controls. 

The gluteus maximus acts to provide a stable pelvis against which the 
erector spinae can act to produce extension of the trunk. The erector 
spinae muscle is seen to increase its EMG activity gradually in both the 
weight lifters and controls in a fashion similar to that seen in the gluteus 
maximus, peaking at 83% of the lift height. The delay in maxima! 
contraction relative to the maximum force may be explained by an 
initially poor length-tension relationship, and by the need for a properly 
positioned and stabilized pelvis to allow the erector spinae to act 
effectively. As the lift proceeds, the erector spinae becomes optimally 
positioned with an improved length-tension relationship. 

Although normalized erector spinae activity is about the same for 
both test groups, there is a majordifference in how the force is generated 
(Figure 1), suggesting a difference in the load transfer mechanism by 
the actions of the quadriceps, gluteus maximus, and latissimus dorsi. 
There is more normalized latissimus dorsi activity during early and mid 
lift for the weight lifters than that seen in the asymptomatic control 
group. This muscle acts initially to move the load closer to the body, 
reducing the torque required to complete the lift. The initially rapid rise 
in IEMG activity of the latissimus dorsi in both the weight lifters and 
controls points to the importance of this function. The latissimus dorsi 
continue to be very active in the lift up to 67-83% of the lift height; then 
their activity drops off rapidly as the lift is completed. Because of the 
extensive attachment of the latissimus dorsi to the posterior layer of the 
thoracolumbar fascia, the initia! contraction of this muscle not only 
affects the humeral extension in adduction, but applies a tensile force to 
the posterior layer of the fascia that surrounds the erector spinae muscle. 
This may lead to an improvement in the ability of the erector spinae to 
contract. 

The quadriceps contraction acts to extend the lower extremity at the 
knee joint and to stabilize the pelvis (rectus femoris). The asymptomatic 
control subjects are seen to strongly activate the quadriceps initially, 
extending the knees. The quadriceps activity then declines to a steady 
state at 67-83% of the lift height. The responsibility for completing the 
lift is passed to the erector spinae and the gluteus maximus; however, 
the weight lifter initiates the lift with combined activity in the quadri
ceps and the gluteus maximus. The simultaneous extension of both the 
hips and the knees results in significant early force production, stabili
zation of the trunk and pelvis, and improvement of the mechanica! 
advantage of the other muscle groups, particularly the erector spinae. 
The lift is then completed by knee extension driven by increased activity 
in the quadriceps, peaking between 67% and 83% of the lift height, and 
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by continued activity of the erector spinae and gluteus maximus in 

extending and stabilizing the hips and spine. 

The information from this study may be useful in the rehabilitation 

setting. First, it is clear that there are a number of muscle groups in 

addition to the trunk extensors involved in the lifting process, includ

ing-as specifically observed in this study-the latissimus dorsi, 

gluteus maximus, and quadriceps. The rehabilitation of these muscles 

and muscle groups are just as essential as the rehabilitation of trunk 

flexors and extenders because these muscles provide significant contri

butions to the total lift effort. As seen in the weight lifters, the 

quadriceps are a major contributor in the lifting process; however, we 

do not believe that quadriceps strengthening alone should be empha

sized during back rehabilitation, bul that all the lifting muscle groups 

should be trained for strength equally. lt is not only the strength of these 

muscles that is important during the lift, but when and how they are 

used. Second, the lifting strategies used by weight lifters could he 

incorporated in work-hardening and rehabilitative processes to mini

mize the load on the erector spinae while distributing it to other trunk 

muscle components. This could be done by teaching the patient how 

to maintain quadriceps activity throughout the lift, thus reducing 

the burden placed on the erector spinae. 
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