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INTRODUCTION
Abdominal exercise is a common type of
exercise done presumably to increase
abdominal tone and strengthen the abdomi-
nal muscles as an aid in posture.1-3  T h e
main muscles invo l ved during abdominal
exercise are the transverses abdominis,
ex t e rnal obliques, internal obliques, and
rectus abdominis.4 These muscles are
i nvo l ved in rotating and flexing the
t ru n k . T h ey also affect the lumbar spine by
p r oviding stability.5

H oweve r, in recent years, while a num-
ber of new types of commercial abdominal
equipment have been deve l o p e d, there
seems to be no consensus on if or how we l l
these machines can train the abdominal
muscles.  Abdominal exercise can be
accomplished in the seated position with
some of these exercise machines.6 , 7 O t h e r
machines place the subject in the supine
position.  Whether an abdominal exercise is
p e r f o rmed by a machine in the seated posi-
tion or on the floor, there seems to be gr e a t
variability in muscle activity during exe r-
cise.  Substitution of other muscles is com-
mon and hinders training of only the
abdominal muscles.8 In a recent publ i c a-
tion, Szasz et al3 h ave questioned the use of
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ABSTRACT
Four male and 4 female subjects part i c i p a t-
ed in a series of experiments to determ i n e
the aerobic capacity of the abdominal mus-
cles and to see if a port a ble abdominal
machine called the 6 Second Abs machine
could increase the aerobic endurance and
strength of the abdominal muscles.  Subjects
were trained for 20 minutes per day 3 times
per week for 3 weeks.  Each training session
i nvo l ved accomplishing 6 second supine
abdominal crunches with feet on a wall at a
load adjusted to fatigue the subject in 20
minutes or less.  When 20 minutes could be
a c c o m p l i s h e d, the load on the abdominal
exerciser was increased for the next training
d ay.  After 3 weeks of training, there was a
35.8 % increase in abdominal strength and
an increase in VO2max of 93%.  Over the
same period, the work accomplished during
a 20-minute session increased by 66.9%.
Thus by using a progr e s s ive resistance exe r-
ciser for abdominal training, a large increase
in training of strength and endurance could
be accomplished in a short time.
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an abdominal physical fitness test by the
United States A rmy because of substitution
of hip flexors for abdominal muscles during
standard supine crunches.  The analysis of
muscle use was accomplished through the
s u r face electromyogr a m .9

R e c e n t ly, we evaluated a new type of
d evice called the 6 Second Abs machine.
The device is in a rectangular frame with
elastic bands that can be adjusted to
increase load.  By compressing the frame,
abdominal exercise can be accomplished
with a progr e s s ive ly increasing load.

When this device was eva l u a t e d, exe r-
cise was much more muscle specific for the
t r a n s verse and rectus abdominus than other
d evices reported in the literature.  For ex a m-
ple, by rotating the trunk to the seated posi-
tion, muscle use could be switched from the
rectus abdominus when the subject was fa c-
ing forward to the obliques when the tru n k
was rotated to the side.  Using the elec-
t r o myogram to evaluate muscle use with this
d evice versus abdominal crunches, muscle
use and total work was over 15 times gr e a t e r
during crunches with this machine than wa s
found for standard abdominal crunches. 4

This was attributed to a combination of the
d evice maintaining body position, prov i d i n g
timing, and providing progr e s s ive resistance
exe r c i s e .

H oweve r, while the results were encour-
aging, we only studied strength and muscle
use; the implication was that the machine

would be better to train the abdominals than
simple crunches or other devices bu t
endurance studies were not conducted.

The purpose of the present inve s t i ga t i o n
was to study endurance training with this
machine and evaluate changes in strength
and endurance compared to other reports in
the literature.  As a measure of aerobic
c a p a c i t y, VO2max and lactate were assessed
before and after training.   

SUBJECTS
Four female and 4 male research subjects
p a rticipated in these experiments. Ta ble 1
lists the heights, weights, age, and sex of
s u b j e c t s .

METHODS
6 Second Abs Machine
The 6 Second Abs machine is a commercial
exercise device (Savvier Inc, Indian We l l s ,
CA).  The device consists of a rectangular
plastic frame with rubber bands on the
inside to adjust resistance.  Resistance can
be increased in a number of different stages
so that it becomes increasingly more diffi-
cult to compress the rectangle (Figures 1
and 2).  As the machine is compressed to
the first, second, and third click position,
there is a linear increase in load.  The upper
p a rt of the rectangle was placed under the
s u b j e c t ’s arms (under the triceps muscles
b i l a t e r a l ly) or held in the person’s arm s
a gainst the chest, while the base of the rec-

Table 1- General Characteristics of Subjects 

Subject Height (cm) Weight (kg) Age (yrs) Sex
1 166 56.4 23 F
2 174 71.4 22 F
3 152.5 52.3 26 F
4 171 70.9 24 F
5 173 71.4 34
6 173 72 23 M
7 178 71 24 M
8 182.5 87.3 29 M
Mean 171 69 26
SD 9 11 4
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tangle was placed on top of the middle of
the quadriceps muscles.  Both the upper and
l ower rectangles are padded.    

Measurement of Strength of the
Abdominal Muscles
Isometric strength of the abdominal muscles
was measured in both the seated position
and the supine position.  To accomplish this,
i n i t i a l ly subjects sat or lay with hips at a 90º
angle.  A cotton strap was placed around the
chest and connected to an isometric string
gauge transducer.  The strain gauge was lin-
ear from 0 to 200 kg of force.  The output of
the transducer was amplified with a strain
gauge conditioner amplifier with a gain of
1000 times and digitized in a Biopac 12 bit
a n a l og to digital conve rter and displaye d
and stored on an IBM computer.  The output
was stored and analyzed as the ave r a g e

strength over the middle of a 3 second con-
traction.  Strength was measured by an iso-
metric contraction with various angles at the
hip to examine the relationship betwe e n
muscle strength and position of the hip.  A t
least 1 minute was allowed between contrac-
tions to allow for recove ry.  

Oxygen Consumption, Ventilation,
Carbon Dioxide Production and
Respiratory Quotient
A VO-2000 port a ble metabolic cart
( A e r o s p o rt Inc, Minneapolis, Minn) wa s
used in these studies.  The analyzer is a bat-
t e ry operated metabolic cart containing a
carbon diox i d e infrared analy z e r, a fuel cell
based oxygen analyzer and a pneumotach.
The analyzer was calibrated with the local
barometric pressure and temperature at the
b eginning of each run.  The analyzer then
sampled ex p i r a t o ry gases through a mouth-
piece.  Since a mouthpiece was used, the
subjects wore a nose clip.  The gas was sam-
pled breath by breath and all gas va l u e s
were averaged over a 20 second period.
Ventilation, oxygen consumption, and car-
bon dioxide production were then conve rt e d
to standard pressure and temperatures and
stored in the memory of the analy z e r.  

Blood Lactate
An A c c u s p o rt fi n g e rtip lactic acid analy z e r
( A c c u s p o rt Inc, Saint Paul, Minn) measured

Figure 1. Subject exercising in the seated
position.

Figure 2. Subject exercising in the supine 
position.
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blood lactate.  The analyzer was then cali-
brated daily with 2 control strips to ensure
reliability of readings.  The blood sample
was taken from arterialized blood from the
s u b j e c t ’s fi n g e rtip, with a total blood sample
of 25 µL.  This sample was taken 5 minutes
after the subject stopped exe r c i s i n g .

Heart Rate
H e a rt rate was monitored from a continuous
e l e c t r o c a r d i ogram using a Polar Heart Rate
Monitor (Aerosport Inc, Minneapolis,
M i n n ) .

Statistical Analysis
Statistical analysis invo l ved the calculation
of means, standard deviations, and paired
and unpaired T tests.  The level of signifi-
cance was P< 0 . 0 5 .

PROCEDURES
Preliminary Testing
On testing days each subject was brought
into a therm a l ly neutral room in which he or
she rested for 10 minutes.  Prior to training,
the initial maximum strength of each subject
was measured as described above.  This wa s
f o l l owed by measuring the VO2max of the
subjects.  A modified Bruce protocol wa s
used wh e r e by the pace of abdominal exe r-
cise in the supine position with the 6
Second Abs machine was constant and the
load was increased eve ry 2 minutes by
changing resistance bands.  Increments for
the stages were 20, 30, 40, 55, 70 and 110
lbs for males; and 20, 30, 40, 55, and 70 lbs
for females.  These were applied at 2-minute
i n t e rvals until exhaustion. Thus, the test
continued until the subject could no longer
maintain the required power output.  

During the incremental exercise, VO2 ,
VE, and RQ were measured eve ry 3 breaths.
H e a rt rate was measured eve ry 30 seconds.    

Lactates were measured before exe r c i s e
and 5 minutes after exercise, as described
a b ove.  During the 5 minute post exe r c i s e
and for 5 minutes pre-exercise, in order to
a rterialize the bl o o d, the subjects placed a

hand in a 9 inch glass bowl three-quart e r s
filled with 40º to 45º C wa t e r.    

The results of the maximum test we r e
used to determine the power outputs that
c o rresponded to 65% of VO2peak, wh i c h
was the workload used during the exe r c i s e
training on the first day.

Exercise Protocol 
O ver a 3-week period 3 times a week, each
subject performed a 20 minute 6 Second
Abs wo r kout lying on the floor with feet
a gainst the wall at a 90º hip and knee angle,
measured using the same landmarks with
the goniometer, as prev i o u s ly described.
Each subject started with the workload that
would enable him or her to perform curls
for the entire duration.  The subjects trained
on Mondays, We d n e s d ays, and Fr i d ay s .
When each subject was able to complete the
exercise for 20 minutes, the wo r k l o a d
increased by 5 lbs at the next session of
exercise.  Howeve r, if the subject was unabl e
to complete the full twenty minutes of exe r-
cise, due to fatigue, the same amount of
resistance was used at the following session,
until the subject was able to complete the
full 20 minutes.  At the end of first day ’s
session and at the end of eve ry week of
training, all subjects’ lactate measurements
were taken, by the procedure prev i o u s ly
described.  

After the ninth training day, on an addi-
tional day, all measurements taken prior to
training were taken again to see the effect of
training on the cardiovascular system.  

RESULTS
The results of the experiment are shown in
Figures 3 to 6.  Data has been gr o u p e d
t ogether for all male and female subjects.
Each point in each figure is the mean of the
8 subjects.  Figure 3 shows the strength of
the lower back muscles before and after
training.  As shown in this figure, the
strength of the group increased from 106 ±
74 lbs before training to 144 ± 72 lbs after 3
weeks of training.   This increase was signif-
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icant (P<0.01).  
In a similar manner, endurance also

increased.  Since the length of the exe r c i s e
session was limited to 20 minutes, the
endurance of the session itself was fi xe d
and not a measure of gains in aerobic capac-
i t y.  But since the load for the wo r k
i n c r e a s e d, if a 20-minute session could be

m a i n t a i n e d, the product of time and load
( workload) was an eff e c t ive measure of an
increase in endurance capacity.   The actual
work then (force x distance) could be calcu-
lated as the product of load x time x dis-
tance moved.   Since all subjects flexed their
t runk by 30º (the third click of the abdomi-
nal machine), the distance moved was easy

Figure 4. Work of the subjects for each of the 9 training sessions.  Each point shows the mean of
all subjects.

Figure 3. Abdominal strength in lbs at the start of the study and after 3 weeks of training.
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to calculate and work could be measured
here.  Using this measure, as shown in
Figure 4, work at the beginning of training
averaged 532 ± 169 lb minute and had
increased to 815 ± 273 lb minutes by the
fifth training day.  By the end of the third
week, the work was 1319 ± 217 lb minute.
The increase in work was analyzed by
A N OVA and was sig (P<0.001).  

The increase in the work, which could
be accomplished in a 20-minute period, wa s
matched by an increase in aerobic capacity.
As shown in figure 5, VO2max increased
from 320 cmL3 per minute above resting
metabolism to 610 cmL3 above resting
metabolism after 9 training sessions.   T h e

resting oxygen consumption before and
after training was 210 and 190 cmL3 ox y-
gen per minute respective ly.  Ve n t i l a t i o n
o n ly increased by about 3 L per minute,
when comparing results from before exe r-
cise training to after training.  The maxi-
mum ventilation during the exercise wa s
6.41 L per minute above resting ve n t i l a t i o n
after training and 3.92 ± 1.2 L per minute
a b ove rest on the first day of training.
Lactate was reduced with training by about
0.5 mmol per cmL3 ( Figure 6).  Maximum
h e a rt rate increased from 128 to 140 beats
per minute after the 9 training day s .
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Figure 5. VO2max of the groups of subjects before and after 9 sessions of training.  VO2 is above
rest.

Figure 6. Lactate in the arterialized blood of the subjects after session 1 and after session 9 of
training.
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DISCUSSION
Numerous exercise devices have been deve l-
oped for training abdominal muscles.  Fo r
example, Thomas and Ridder1 0 c o m p a r e d
the effects of different abdominal exe r c i s e
p r ograms on abdominal muscular function
and physique in 45 men and women.  T h ey
found that either abdominal crunch we i g h t
machines, seated incline weight machines,
or incline sit-up exercise all caused an
increase in muscular power and flex i b i l i t y.
This would seem to show the validity of
using machines such as these to exe r c i s e .
But others have found that these machines
are not ve ry specific, and many muscles
aside from the rectus abdominus and
o blique muscles participate concurr e n t ly in
the exe r c i s e .3 The issue seems to be one of
muscle substitution.  If muscles can be sub-
s t i t u t e d, training will train both the hip flex-
ors and abdominals.  If it is specific, only
abdominal will be trained.  In some applica-
tions like post surgical repair,1 1 to reduce
lumbar lordosis1 2 or in restoring posture in
d i s a bled patients,1 3 it is important to specifi-
c a l ly train muscles for strength and
endurance and not allow substitution.

R e c e n t ly, we evaluated an abdominal
exercise machine that fi xes the position of
the hips and upper body, and adds progr e s-
s ive resistance training for the abdominals.
E l e c t r o myograph (EMG) studies, showe d
the device to be ve ry muscle specifi c .4

While the device was evaluated for speci-
ficity of muscle use, we did not attempt to
train strength and endurance with prolonged
use of the device.    

In the present inve s t i gation, there was a
l a rge increase in work capacity with only 3
weeks of training.  This seems to bode we l l
for using this device for a training progr a m .
On the surface, howeve r, the magnitude of
the lactate response, either before or after
training, seems to show little muscle use
with this device.  This is confi rmed by the
l ow heart rate, VO2 and VE RESPONSE t o
the exercise, which is small compared to
cycle erg o m e t ry or jogging.  Howeve r, this

m ay be a misinterpretation of the results.
It is well established that the VO2m a x

during jogging is about 4 L per minute in
the average man.1 4 In contrast, the VO2m a x
for arm work is about half.  This is due to
the fact that the muscle mass of the arms is
less than half that of the legs.  Furt h e r, dur-
ing arm exercise, heart rate, VE and art e r i a l
lactates are also less during maximal wo r k .
This is due to the fact that the muscle mass
is much smaller in the arms than the leg s
a n d, therefore, aerobic needs are smaller.
Lactates, which may be ve ry high in the
venous affluent directly leaving active mus-
cle, are diluted in the larger volume of body
fluids.  If we assume the VO2max for leg
work is 4000 cmL3/min, then the V 02/kg of
a typical 70 kg man would be 57 cmL3 p e r
kg body weight of oxygen per minute.
Numerous studies have pointed to aerobic
capacity in well trained individuals in the
range of 45 to 70 cmL3/kg /min.1 5 , 1 6

Assuming the muscles of the body we i g h t
50% of the weight of the body, then the real
v02 max of the muscles would be doubl e
this or 104 cmL3/kg muscle per minute.  But
o n ly about 50% of these muscles are active
in lower body exercise, therefore the tru e
VO2 per kg active muscle would be doubl e
this again or 208 cmL3/kg muscle per
minute.  In the present study, the VO2 a f t e r
training was about 600 cmL3 above resting
oxygen consumption.  This would make the
weight of the abdominal muscles at about 3
kg to require this amount of oxygen.  T h i s
figure is probably close to reality for these
thin muscle groups and would explain the
l ow V02max presented here.  Lawrenson et
a l1 7 examined the VO2max of the quadriceps
muscle and found a value of 500
cmL3/minute gross VO2.  T h ey did not,
h oweve r, subtract resting oxygen consump-
tion and therefore, their data support our
hypothesis.  Thus if the muscle mass wa s
ve ry small, aerobic capacity would be less
as would V E, heart rate and Lactates.  If the
hip flexors and other muscles were substi-
t u t e d, then muscle mass would be larg e .
The fact that they are small shows that little
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substitution has occurred and the muscles
are isolated to just a few thin bands of mus-
c l e .

H oweve r, just a few weeks of training,
d o u bled the aerobic capacity of the muscles.
Lactates were reduced showing an increase
in the anaerobic threshold.  Thus the 6
Second Abs machine provided a good
means of training the rectus abdominal mus-
cles.  In EMG studies, the obliques were not
used to a large extent during a standard
abdominal crunch.  But use is ve ry high
with this machine and therefore, both mus-
cles are trained here.  Fi n a l ly, only 1 exe r-
cise protocol was examined in this study.
This is not to imply that other exercise pro-
tocols would not work as well.   This study
was not accomplished to determine the best
exercise protocol, but to only evaluate aero-
bic training under one set of conditions. T h e
dramatic results here are telling; this
machine seems to offer an excellent aerobic
training device. 
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