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Electromyographic Activity of the Lumbar Extensor Muscles:
Effect of Angle and Hand Position During Roman
Chair Exercise
John M. Mayer, DC, James E. Graves, PhD, , Vi&l- L. Robertson, DC, Eric A. Pierra, DC, Joseph L. Verna, DC,
iori L. Plout&ydkr,
PhD
ABSTRACT. Mayer JM, Graves JE, Robertson VL, Pierra
EA, Verna JL, Ploutz-Snyder LL. Electromyographic activity of
the lumbar extensor muscles: effect of angle and hand position
during Roman chair exercise. Arch Phys Med Rehabil 1999;80:
751-5.
Objective: To evaluate the effects of angle and hand position
during variable-angle Roman chair (VARC) back extension
exercise on lumbar paraspinal electromyographic (EMG) activity.
Design: Descriptive, repeated measures.
Setting: University-based musculoskeletal research laboratory.
Participants: Two female and eight male volunteers recruited from a university setting.
Intervention and Outcome Measures: Surface integrated
EMG activity was recorded from the L3-L4 paraspinal region
during 24 lo-second repetitions of dynamic back extension
exercise, each consisting of a unique VARC angle (six total) and
subject hand position (four total). Lumbar paraspinal surface
integrated EMG activity measured in millivolts per repetition
was used for analysis.
Results: Significant lumbar paraspinal EMG activity was
evident during each of the 24 repetitions (p i .05), with a
104% increase in activity noted between the lowest and highest.
EMG activity increased progressively among hand positions
and as the VARC angle became more horizontal. VARC angle
affected EMG activity more than hand position, but the greatest
impact on EMG activity was produced by modifying both angle
and hand position.
Conclusion: Lumbar paraspinal EMG activity can be altered
during VARC back extension exercise by changing angle and
hand position. Clinicians can use these data to develop progressive resistance exercise programs using the VARC apparatus.
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EAK AND HIGHLY fatigable trunk extensor muscles
have been consistently reported in low back pain populations.1-5 Morphologic changes associated with atrophy of the
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lumbar multifidus and erector spinae muscles have been seen in
patients with acute and chronic low back pain6z7 For these
reasons, spinal rehabilitation programs often incorporate trunk
extensor muscle conditioning exercises. Progressive resistance
training regimens involving the low back extensor muscles
have been largely successful, with decreased pain,4,8-10increased strength,4 and improved psychosocial function8 reported by patients with chronic low back pain following
training. Recently, the United States Agency for Health Care
Policy and Research (AHCPR) concluded that back extensor
muscle conditioning exercisesare helpful in the management of
acute low back pain. 11
The ability to develop lumbar extension strength is well
documented, with more than 100% increases in lumbar extension torque production noted following 12 weeks of training on
a lumbar extension dynamometer. 12-t4The feasibility of widespread clinical or home use of the lumbar extension dynamometer seems to be limited by the expense and lack of portability
of the machine.
At the present time, however, there are no low-cost, “lowtech” alternatives to effectively apply progressive resistance
training principles to lumbar extensor musculature. Stationary
Roman chair machines, such as the 45” and 90” benches, are
unable to provide resistance in the low ranges necessary for
clinical back pain populations. The smallest load for resistance
depends on torso mass, which is frequently greater than a
patient’s initial capacity. The inability to adjust resistance levels
on the Roman chair results in a poorly tolerated and potentially
unsafe mechanism for low back exercise in clinical patients.
Hand-held weights are often used in conjunction with Roman
chair exercise to add progressive loads in an attempt to mimic
the lumbar extension dynamometer. This is frequently awkward, not well tolerated by the patient, and not well controlled.
Another limitation of the stationary Roman chair is that it does
not have the capacity for restricting range of motion during
back extension exercise. Carefully restricting the sagittal range
of motion is often required during the initial stages of low back
pain rehabilitation. These limitations of the stationary Roman
chair, along with the cost factor and lack of portability of the
lumbar extension dynamometer, have resulted in a sporadic use
of progressive resistance exercise for the back extensors,
despite its clinical efficacy.
Recently, a new back extension machine has been developed
to allow for the performance of progressive resistance exercise
in a relatively inexpensive and portable manner. This lumbar
extension machinea is a variable-angle Roman chair (VARC)
that can be adjusted from 75” relative to horizontal to 0” relative
to horizontal in 15” increments. Theoretically, as the angle from
horizontal decreases,the load applied to the low back extensor
muscles increases. Therefore, the VARC is designed to provide
progressive resistance during low back extension exercise in a
manner unattainable by stationary benches. Although the specific load associated with Roman chair exercise is difficult to
quantify, the extent of lumbar muscle activation can be
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documented with electromyography (EMG). There is a strong
and positive linear relationship between the magnitude of EMG
activity observed and the amount of muscle mass recruited
during exercise.15
The purpose of this study was to evaluate the effect of angle
and hand position on lumbar paraspinal EMG activity during
exercise on a VARC. Since surface EMG activity is positively
correlated with the load placed on a given muscle group,15 the
results of this study will provide an indication of the ability of
the VARC to provide a mechanism for progressive resistance
during lumbar extension exercise.
METHODS
Subjects
Eight men (age, 27.2 It 6.Oyrs; height, 179.1 2 ll.Ocm;
weight, 87.7kg) and two women (age, 25.5 ? 49yrs; height,
171.5 2 1.8cm; weight, 63.6kg) participated in the study. All
subjects were untrained volunteers recruited from a university
setting who had no history of chronic low back pain, no present
low back pain, and no orthopedic or cardiovascular contraindications to resistance exercise testing or training. The study was
approved by the university’s Institutional Review Board and
written informed consent was obtained from each subject.
Testing
All exercise testing was performed on a VARC? (figs 1, 2).
The VARC is designed to allow trunk extension at six adjustable positions, including O”, 15”, 30”, 45”, 60”, and 75”. These
positions are based on the angle formed by horizontal and a
straight line connecting the pelvic and foot pads on the VARC.
Four hand positions were used during testing: (1) hands
behind back (BB): hands placed on top of the sacrum with the
right hand over the left and elbows close to the torso; (2) hands
on sternum (HS): hands placed on the sternum with the right
hand over the left and elbows close to the torso; (3) genie cross
(GC): hands interlocked with the contralateral elbow with the
elbows flexed to 90” and the shoulders flexed to 90”; (4) hands
behind head (BH): hands placed on the base of the occiput with
interlocking fingers and the right and left elbows forming a
single plane with the base of the occiput with the neck in neutral
position.
Before testing, the subjects were familiarized with the VARC

Fig 1. The VARC.
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apparatus and hand positions and performed one repetition of
dynamic trunk extension exercise at each angle on the VARC.
To begin each test, the subjects were placed prone on the VARC
so that their anterior iliac spines were centered on the pelvic pad
with their feet secured under the foot pad. The subjects began
each test with the trunk fully flexed. To begin each repetition,
the subjects were instructed to extend their trunks in a smooth,
controlled fashion and to complete the concentric phase of the
dynamic exercise at 0” trunk flexion in a 5-second period. Then
the subjects lowered their torsos during the eccentric phase in 5
seconds to return to a fully flexed position. Thus, each repetition
took a total of 10 secondsto perform. The trunk range of motion
in the sagittal plane was limited to approximately 90” regardless
of VARC angle setting.
All subjects performed 24 repetitions of trunk extension
exercise on the VARC, completing one repetition for each
combination of the six VARC angle settings and four hand
positions with a ‘L-minute rest between each repetition. The
sequence of the 24 repetitions was arranged so that the order of
VARC angle was balanced among subjects, and the order of
hand position was randomized within each angle. Therefore, the
repetitions were performed in a different sequence for each
subject.
Before exercise, two square (4cm) silver/silver chloride
disposable surface EMG electrodes were placed bilaterally on
the subjects’ paraspinal region, lcm above and below the L3-L4
interspinous space. Integrated EMG was recorded from the
lumbar paraspinal region during both the concentric and
eccentric components of each repetition of dynamic trunk
exercise. Recording of the EMG data began simultaneously
with the onset of the lo-second repetition. Likewise, EMG data
collection was terminated on completion of the repetition. The
EMG signal was amplified with use of a Cyber Amp 380b and
was digitized with an A/D board and software designed by Data
Wave Technologies.c
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Treatment of the Data
Surface integrated EMG activity was recorded for 10 seconds
throughout the entire range of motion of each repetition and
was used for analysis. The EMG activity was averaged over the
concentric and eccentric components of each repetition and was
measured in millivolts per repetition. Comparison of the surface
integrated EMG activity among each of the 24 repetitions was
accomplished by using a two-way factorial analysis of variance
for repeated measures. Main effects for this statistical model
were angle and hand position. Statistical significance was
accepted at p 5 .05. All data are reported as means ? standard
errors, unless otherwise noted.
RESULTS
Mean values for lumbar paraspinal iEMG activity during
VARC exercise for each of the 24 combinations of angle/hand
position are listed in table 1. The largest difference in EMG
activity between any 2 of the 24 hand position/angle combinations was between BB75” and BHO”, with the EMG activity at
BHO” 104% greater than the activity at BB75” (1,341 t 97mV/
rep vs 658 2 73mV/rep, respectively). On the other hand, there
was less than 0.1% difference in the EMG values between
BH30” and BH15” (1,184 t 86mV/rep vs 1,183 ? 86mV/rep,
respectively).
Analysis of the surface integrated EMG activity revealed that
there were significant angle and hand position effects (p 5 .05).
There was no significant angle by hand position interaction
(p > .05). Therefore, data for the four hand positions at a given
angle were pooled for further analysis. Likewise, data for the
six angles at a certain hand position were pooled for analysis.
Electromyographic activity increased progressively from BB
(900 t 64mV/rep) to HS (945 t 74mV/rep) to GC
(1,057 t 78mV/rep) to BH (1,092 + 73mV/rep) (fig 3). There
was a significant difference in EMG activity between hand
positions in all two-hand position comparisons (p 5 .05),
except between GC and BH (p > .05). Lumbar paraspinal
EMG activity increased progressively from 75” (746 t 62mVi
rep) to 60” (872 + 78mVlrep) to 45” (999 + 78mV/rep) to
30” (1,078 f 75mV/rep) to 15” (1,090 ? 85mV/rep) to 0”
(1,216 t 83mV/rep) (fig 4). A significant difference in EMG
activity was noted between angles in all two-angle comparisons
(p 5 .05), except between angles 15” and 30” and between
angles 15” and 45” (p > .05).

CHAIR

EXERCISE,

753

Mayer

c
3 1100
-E.
~1000
.e
>
‘g
900

a
u3

800

--

700
600

BH

GC

HS

BB

Hand Position
Fig 3. Lumbar paraspinal
EMG activity
by hand position
(mean 2 SE)
(II = IO). Significant
difference
between
hand positions
in all two
hand position
comparisons
(p 5 .05), except between
BH and GC
(p > .05). BH, behind head; GC, genie cross; HS, hands on sternum;
BB, behind back.

ates”j reported that there was significant EMG activity of the
lumbar paraspinal musculature during Roman chair exercise at
50% and 90% of a one-rep max using hand-held weights.
Flicker and colleaguesl7 found significant increases in signal
intensity on TZweighted magnetic resonance images in the
lumbar multifidus and erector spinae muscles following exercise on a horizontal Roman chair, indicative of specific muscle
recruitment. In the study by Flicker and coworkers, the subjects
performed five repetitions without external load with their
hands held in a manner similar to the behind-head (BH)
position of the present study. Vie and colleaguesrs found an
increase in T2 signal intensity of the multifidus and erector
spinae muscles following extension exercise on a 45” Roman
chair in which the subjects used a hand position similar to the
hands-on-sternum (HS) position of the present study.
The most interesting and significant finding of the present

DISCUSSION
The results of this study showed that the lumbar extensor
muscles were activated during Roman chair exercise, thus
supporting the findings of previous work. Keams and associTable

1: Lumbar

Extensor

Muscle EMG
Position

Activity

by Angle

and Hand

Hand Position
BB

HS

GC

708 i- 66
883 2 115
945 2 74

787 t 55
901 2 79
1,098 ” 99

BH

Angle*
75”
60”
45”
30”
15”
0”

658
773
873

2 73
-t- 71
2 64

956258
992 2 73
1,145 f 88

1,019-t79
1,032 t 83
1,125 i- 79

1,055
1,153
1,250

i- 92
t 113
2 84

Values are mean t SE in millivolts
per repetition;
n = 10.
Abbreviations:
BB, behind
back; HS, hands
on sternum;
cross;
BH, behind head.
* VARC angle setting
(degrees
from horizontal).

831 k 67
932 + 67
1,081
1,184
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1,341
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Fig 4. Lumbar
paraspinal
EMG
(n = 10). Significant
difference
comparisons
(p 5 .05), except
between
15O and 45” (p > .05).
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study was that the lumbar extensor muscles were activated in
varying magnitudes during exercise on the VARC depending on
angle and hand position. Trends indicated that EMG activity of
the lumbar paraspinal muscles during exerciseincreased progressively and consecutively between all six angles from 7.5” to 0”.
Likewise, EMG activity during exercise increased progressively among the four hand positions from BB to HS to GC to
BH, respectively. These findings can be explained through the
biomechanics of lumbar extension. Several authors have reported that the lumbar extensors are weakest when the spine is
in an extended position. 12~14~19
Furthermore, Tan and associates20 found that the neuromuscular efficiency ratio (force/
EMG) during lumbar extension exercise was greatest when the
trunk was in the flexed positions. In addition, Dolan and
Adamszl noted that there is a positive and linear relation
between the lumbar extensor moment and iEMG activity.
During Roman chair extension exercise, the torso mass
exerts the most torque on the axis of rotation in the lower
lumbar spine when it is furthest from the axis of rotation in the
horizontal plane. In other words, the torque at the lower lumbar
spine is greatest when the torso is parallel to the ground.
Therefore, placing the torso horizontally with the trunk fully
extended puts the lower lumbar spine in a mechanically
unfavorable position. Roman chair exercise that accommodates
this position, a position in which the most torque is exerted on
the lumbar spine and the neuromuscular efficiency and strength
of lumbar extensors are at their lowest point, should result in the
highest EMG activity of the lumbar paraspinal musculature.
Data from the present study supported this model. For example,
there was 63% more lumbar paraspinal EMG activity at 0”
(1,216 t- 83mV/rep) than at 75” (746 & 62mV/rep) during
lumbar extension exercise on the VARC, regardless of hand
position.
Variation in EMG activity owing to hand position can be
explained by the relationship of load and moment arm length.
More torque is exerted when a load is positioned further from
the axis of rotation along the moment arm. Therefore, placing
the hands and arms (part of the torso mass) farther away from
the axis of rotation resulted in a progressive increase in
paraspinal EMG activity during VARC exercise. For example,
the movement of the hands from BB (900 t 64mV/rep) to BH
(1,092 f 83mV/rep) resulted in a 21% increase in EMG
activity during exercise, the largest difference between any two
hand positions. It appeared that changing the VARC angle had a
more dramatic effect on loading of the lumbar extensors than
adjusting hand position. However, it was necessary to use both
angle and hand position for the maximum change in loading
patterns. A 104% increase in iEMG activity was noted when
changing the angle/hand position from BB7.5” (658 2 73mV/
rep) to BHO” (1,341 5 97mV/rep).
Several authors have reported that EMG activity increases
linearly with force.15,22,23Therefore, it can be concluded that
varying the angle and hand position during VARC exercise
altered the load placed on the lumbar extensor muscles.
Furthermore, a progressive resistance training regimen can be
constructed by changing angle and hand position during VARC
exercise without the use of external weights. However, the
104% difference in EMG activity observed between BB7.5” and
BHO” does not quantify load. Although the VARC appeared to
allow for variable loading, the device lacks the sophistication to
quantify load in a classical sense. Previous studies have
demonstrated 37% to 41% increase in dynamic exercise loads
and even greater gains in lumbar extension isometric torque
production following training on a lumbar extension dynamometer.13,14,24
The present study did not indicate whether progresArch
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sive resistance exercise training on the VARC can accommodate such increases in training load. The need for mechanisms
to accurately quantify load during back extension exercise on
the VARC warrants further study.
The findings of this study may have important clinical
implications for spinal rehabilitation programs. Low endurance
during isometric back extension on a horizontal Roman chair
(modified Beiring-Sorensen position) has been shown to be
predictive of future incidences of low back pain.3 Additionally,
the weak and highly fatigable lumbar extensor muscles in
patients with low back pain have responded well to strength
training programs resulting in improved pain, disability, and
psychosocial indices.4,8,9Clinicians will be able to use the data
from this study to design progressive resistance training protocols to determine the effectiveness of the VARC in developing
lumbar extensor muscle strength and endurance.
CONCLUSION
In summary, the lumbar extensor muscles were activated
through exercise on a VARC. The angle of the Roman chair and
hand position used during exercise significantly affected the
quantity of surface EMG activity of the lumbar extensor
muscles. The lumbar paraspinal EMG activity increased as the
angle of the Roman chair relative to horizontal decreasedand as
the hands were placed farther from the axis of rotation in the
lower lumbar spine. Clinicians will be able to apply these data
to design progressive resistance training protocols with the
VARC and determine the VARC’s effectiveness in developing
lumbar extension strength and endurance in both healthy and
clinical populations.
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