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ABSTRACT

Development of a new testing machine, which stabilizes
the pelvis, allowed us to evaluate the lumbar extensor
muscles before and after training. Fifteen healthy sub-
jects (29.1 + 8 years of age) trained 1 day per week
for 10 weeks and 10 healthy subjects (33.7 + 16 years
of age) acted as controls. Training consisted of 6 to 15
repetitions of full range of motion variable resistance
lumbar extension exercise to volitional fatigue and
periodic maximal isometric contractions taken at seven
angles through a full range of motion. Before and after
the 10 week training period, subjects completed a
maximum isometric strength test at seven angles
through a 72° range of motion (0°, 12°, 24°, 36°, 48°,
60°, and 72° of lumbar flexion). The training group
significantly improved in lumbar extension strength at
all angles (P < 0.01). The result at 0° (full extension)
showed an increase from 180.0 =+ 25 Nm to 364.1 +
43 Nm (+102%) and at 72° (full flexion) from 427.4 +
441 to 607.4 £ 68 (+42%) Nm. Results from the
control group showed no change (P = 0.05). The mag-
nitude of gain shown by the training group reflects the
low initial trained state of the lumbar extensor muscles.
These data indicate that when the lumbar area is iso-
lated through pelvic stabilization, the isolated lumbar
extensor muscles show an abnormally large potential
for strength increase.

Low back pain is a major health problem in today's society.
It has been estimated that 8 out of 10 people will suffer from
low back pain at one time or another in their lives.'"” The
cost of medical care and lost job time is estimated to be in
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the billions of dollars annually.?* The etiology of low back
pain has puzzled clinicians and allied health professionals.
Many attempts have been made to find common factors that
link low back pain to precise etiology, but data are often in
disagreement. Insufficient strength in the lumbar muscula-
ture appears to be a factor related to the development of low
back pain.* % !6.18.28.32.37 Rehahilitation programs often em-
ploy strength and resistance training techniques and have
been shown to increase low back and hip strength,*®*" %

Proper strengthening and rehabilitation of the lumbar
muscles requires an accurate and effective machine for train-
ing and evaluating lumbar extension strength. Quantifica-
tion of lumbar extension strength is often complicated by
the involvement of the stronger gluteal and hamstring mus-
cles. Mayer and Greenberg® noted that lumbar-pelvic
rhythm (rotation) during lumbar testing contributed to the
lumbar extension strength measure. Smidt et al.*® have
demonstrated the importance of stabilizing the pelvis and
lower extremities to isolate the lumbar muscles during test-
ing. Thus, effective assessment and training of the lumbar
muscles requires stabilization of the pelvis to isolate the
lumbar extensor muscles and minimize the contribution of
the hip and leg muscles. In addition, standardization of the
testing and training position, correction for the influence of
gravitational forces (body weight) during testing and train-
ing, and full range of motion measurement are required for
accurate quantification of lumbar extension strength.'®

A new lumbar extension machine (MedX, Ocala, FL) has
been recently developed to accurately measure full range of
motion lumbar extension strength. The machine was de-
signed to stabilize the pelvis and standardize positioning of
the upper body, thus allowing for more precise measurement
and training of the smaller and weaker lumbar extensor
muscles. The purpose of this investigation was to use this
new technology to determine the effect of variable resistance
Lraining on lumbar extension strength.
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METHODS

Subjects

Twenty-five healthy volunteers, 18 men (age, 32.6 + 11.4
years; height, 182.0 + 7.7 cm; weight, 87.4 + 16.0 kg) and 7
women (age, 21.8 + 1.0 years; height, 164.9 + 4.7 cm; weight,
57.4 £ 5.9 kg) volunteered for this investigation. Fifteen of
these subjects were assigned to an exercise training group
and 10 acted as controls and did not train. Characteristics
of subjects by groups are shown in Table 1. All subjects had
been participating in a regular exercise program for at least
1 year. These programs included both aerobic endurance
and strength training activities.

The experimental design and protocol was approved of by
the institutional review board of the University of Florida
College of Medicine, Gainesville, Florida. Written informed
consent was obtained from all subjects.

Testing

Before training and after a 10 week training period, each
subject completed an isometric strength test on a MedX
lumbar extension machine. Each test included measurement
of maximal voluntary isometric strength of the lumbar ex-
tensor muscles at 0°, 12°, 24°, 36°, 48°, 60°, and 72° of
lumbar flexion. Previous research with this equipment!® 2*
has shown the reliability for repeated measurements of
lumbar extension strength at multiple joint angles to be high
(r=0.81to 0.97).

Subjects were instructed not to exercise for at least 24
hours before testing. Upon reporting to the laboratory for
testing, subjects were seated in the MedX lumbar extension
machine with their knees positioned so that the femurs were
parallel to the seat (Fig. 1). Subjects were then secured in
place by specially designed femur and thigh restraints used
to stabilize the pelvis. The femur restraint consisted of two
pads that were mounted on an adjustable crank and placed
against the anterior side of the tibia at the level of the tibial
tuberosity. The thigh restraint consisted of a lap belt that
was secured in place over the top of the femurs, just below
the waist. Tightening of the femur restraint forced the
femurs upwards and to the rear, forcing the pelvis back
against a specially designed pelvic restraint (Fig. 1). The
thigh restraint was tightened to prevent any vertical move-
ment of the pelvis. The combination of these restraining
forces stabilized the pelvis, allowing no lateral, vertical, or
rotational movement. A head rest was adjusted to the level
of the occipital bone for comfort and support. Standardized

TABLE 1
o Characteristics of the subjects®
Variable Control Training

Men (N) 5 13
Women (N} 5 2

Age (year) 33.7+ 16.5 291 £ 8.2
Height (cm) 176.2 + 12.0 179.56 + 9.7
Weight (kg) 76.5 +174 83.1 £ 20.0

“Values are means + SD.
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Figure 1. The figure shows the various restraints and pads
used for pelvic stabilization and positional standardization
during lumbar extension strength testing (MedX).

positioning of the arms was achieved by two handle bars
attached to and extending 43 ¢cm from the back pad (move-
ment arm of machine). Subjects were instructed to maintain
a light grasp on the handles during the positioning and
testing procedures.

After the pelvis was stabilized and the testing position
standardized, subjects were moved into a neutral, upright
posture (18° to 36° of flexion) and the center line of their
torso mass (torso, head, and arms) was established. A coun-
terweight was locked into place at this position and the
subject was then moved to 0° of lumbar flexion. The coun-
terweight was adjusted while the subject rested against the
back pad at 0° of lumbar flexion to neutralize the gravita-
tional force of the head, torso, and upper extremities. The
positions of the torso center line and counterbalance adjust-
ments were recorded and used for all subsequent testing and
training sessions.

To initiate a test, subjects were locked into 72° of flexion
and instructed to slowly and continuously extend their back
against the upper back pad for a 2 to 3 second period. Once
maximal tension had been achieved, subjects were instructed
to maintain the contraction for an additional 1 to 2 seconds
before relaxing. A 10 second rest interval was provided
between each isometric contraction while the next angle of
measurement was set. During the contractions, concurrent
visual feedback was provided on a video display screen
interfaced with the machine and subjects were verbally
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encouraged to give a maximum effort. To ensure pelvic
stabilization, thigh and femur restraints were tightened if
pelvic movement was observed during testing. This was
easily checked by the notation of any rotation of the pelvic
restraint.

Training

Fifteen subjects trained 1 day per week for 10 weeks and 10
served as controls and did not train the lumbar extensor
muscles. A conservative training frequency was chosen be-
cause of the isolation of the lumbar extensor muscles and
the potential for overtraining.

Upon reporting to the laboratory for each training session,
subjects were seated in the lumbar extension machine as
described previously. Positions of the torso center line and
counter balance adjustments were set according to previous
testing. For each training session, subjects were required to
perform one set of full range of motion variable resistance
lumbar extension exercise with a weight load that allowed 6
to 15 repetitions to volitional fatigue (maximal effort). Pro-
gressive resistance exercise was achieved by increasing the
weight by 10% when 15 or more repetitions could be
achieved. The first lumbar extension machine used for train-
ing contained a maximum weight stack that required 271.2
Nm of torque to lift. For a 2 week period during the training,
most subjects could exceed this weight requirement. During
this time the subjects were instructed to limit their repeti-
tions to 15 while slowing the movement during each con-
traction. A new lumbar extension machine with a maximum
weight stack that required 542 Nm of torque to lift was then
used for training. At this point, all subjects were given a
10% increase in resistance when they could achieve 12 or
more repetitions. Every 1 to 3 weeks, subjects repeated the
maximal isometric test as described above, as well as com-
pleted the full range of motion variable resistance training.
Subjects were retested after the 10 weeks of training on the
same machine on which they were tested initially.

Data analysis

Isometric strength was measured in units of torque (Nm).
Means and standard deviations were calculated for each
angle of measurement. Between group comparisons were
made using analysis of variance (ANOVA). Changes in
strength within groups were analyzed using ANOVA for
repeated measures. Changes in weight used in variable re-
sistance (Week 1 versus Week 10) training were analyzed
using a paired ¢-test. ANOVAs and paired ¢-tests were per-
formed using the SAS* general linear models and means
procedures. A P value of <0.05 was required for statistical
significance.

RESULTS

The training group was not significantly different from the
control group with respect to age, height, and weight (P =
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0.5) (Table 1). The training group was not significantly
different from the control group in initial isometric strength
at any of the angles measured (P = 0.05) (Table 2). The
training group significantly improved isometric lumbar ex-
tension strength at all angles (P < 0.01), whereas the control
group did not change (P = 0.05). The training group signif-
icantly improved in the amount of variable resistance weight
lifted to fatigue from Week 1 to Week 10 (P < 0.01) (Table
2). Absolute values in strength and the SEM before and
after the 10 week training period for both groups are illus-
trated in Figure 2. A nonsignificant time-by-angle interac-
tion for the training group indicated that the shape of the
curve did not change with training. The strength curve
shown in Figure 2 illustrates that the lumbar extensor
muscles are weaker in the more extended position compared
to strength in the flexed range of motion, which is in
agreement with our population data base.'®?*

DISCUSSION

The unique finding of this study was the magnitude of full
range of motion training responses of the isolated lumbar
extensor muscles. This increase in lumbar extension
strength was particularly evident in the more extended
positions. The isometric strength gain in the lumbar exten-
sor muscles in this study was greater than what has been
reported in the literature for other muscle groups. Subjects
in the present investigation showed gains in isometric
strength ranging from 102% (0° flexion) to 42% (72° flexion).
Smith and Melton®® reported a 14.6% increase in quadriceps
strength for an isotonic variable resistance group when
evaluated using an isometric test. Graves et al.!’ were able
to show increases in peak isometric leg extension strength
of 22.1% for those who trained 18 weeks and 19.5% for those
who trained 10 weeks. O’Shea® found 19.9% improvement
in deep knee bend isometric strength after 6 weeks of train-
ing 3 days per week. A review of seven other training studies
reported by Fleck and Kraemer® showed an average increase
in isometric strength of 29.8% with isometric training.

The magnitude of improvement found in strength training
programs with dynamic training is similar to that which has
been reported for isometric training. In a review by Fleck
and Kraemer,® 13 studies representing various forms of
isotonic, variable resistance, or isokinetic training using the
bench press, showed an average improvement in strength of
23.3% when tested on the equipment with which the subjects
were trained, and 16.5% (6 studies) when tested on special
isotonic or isokinetic ergometers. Fleck and Kraemer® also
reported an average increase in leg press strength of 26.6%
when subjects were tested with equipment on which they
had trained (six studies) and 21.2% when tested with special
isotonic or isokinetic ergometers (five studies).

Two studies have been conducted on healthy young sub-
jects who were trained and tested for low back strength.
Flint” trained 27 females, ages 18 to 35 years, two times per
week for 12 weeks. Training consisted of 10 repetitions of
hack extensions conducted on a specially designed table with
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Pretraining and posttraining isometric (Nm) and dynamic (kg) strength values®

TABLE 2
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Tet sondition Isometric Strength Angles of lumbar flexion (deg) DyT}afnic
(group) 0 12 2 36 48 60 72 b7 s
weight
Pretest 206.7 255.2 272.0 292.4 303.6 328.7 3556.4
(Control) +30.8 + 349 + 33.5 +39.2 + 42.6 + 45.4 + 48.9
Posttest 186.7 232.6 260.9 284.5 306.3 317.3 361.2
(Control) + 24.1 + 273 + 28.5 =+ 30.8 + 388 + 38.6 + 40.1
Pretest 180.0 235.0 292.1 304.0 336.1 3716 427.4 68.4 11.4
(T'raining) + 245 + 34.8 + 35.9 + 358 + 39.1 + 37.6 + 44.1 + 22.0 +1.3
Posttest 364.1° 407.6° 443.1° 484.3° 519.8° 562.6° 607.4¢ 110.2° 11.7
(Training) + 429 + 472 + 477 =+ 50.7 =+ 56.1 + 63.4 + 67.9 + 46.9 +1.2

2 Values are means + SEM.

® Values represent variable resistance training weight used at T; and T;.

¢ P =< 0.01 compared with pretraining strength.
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Figure 2. Torque (Nm) measurements for isometric strength
of the lumbar extensor muscles at 0°, 12°, 24°, 36°, 48°,
60°, and 72° of lumbar flexion. T, and T. show before and
after 10 week training measurements, respectively. Data rep-
resent means and £SEM.

subjects in the prone position. The table was elevated in the
middle at a 90° angle. The subjects wore a “vest-harness”
which was attached to pulley weights by a rope that was
passed through a hole in the table top. Her subjects showed
a 27.8% increase in isometric back strength. Berger' trained
37 men statically and 37 dynamically, 3 times per week for
12 weeks. Static training was conducted in the seated posi-
tion with the subject pulling back on a rod attached to a
dynamometer. Dynamic training was conducted on a table
that allowed the subject’s trunk to be raised from the vertical
to the horizontal position. To add resistance, a weight or
barbell was placed behind the neck. The isometrically
trained group improved 14.8% with isometric testing and
17.6% with dynamic testing. The isotonically trained group
improved 7.1% with isometric testing and 21.6% with dy-
namic testing. Thus, the amount of strength gain found in
resistance training experiments conducted on healthy, sed-
entary subjects for both isotonic or isometric training aver-

ages from 20% to 30%. This magnitude of improvement was
also found in the two studies in which subjects were trained
with back extension exercise.

It has been demonstrated that participants who are un-
trained or who have a low strength level with respect to
their strength potential have a greater capacity to acquire
strength than those who are highly trained or who are
already close to their maximal strength potential.'*'* de-
Vries® and Fleck and Kraemer,® in recent reviews of exercise
prescriptions for resistance training, alluded to the impor-
tance of this concept when evaluating the effectiveness of
resistance training programs. Normally, it is expected that
moderate to highly trained individuals will show little to no
further change in strength with additional training. Subjects
in the present investigation were well-trained and had been
participating in exercise programs for a minimum of 1 year.
Most importantly, 10 of the 15 subjects in the training group
had been exercising on the Nautilus low back machine
(Nautilus Sports Medical Industries, Inc., Dallas, TX) on a
regular basis. Thus, if the low back extensor muscles were
being adequately trained in these subjects initially, signifi-
cant gains in strength would not have been expected.

The results of this study, however, showed unusually large
increases in isometric lumbar extension strength, particu-
larly in the more extended positions. Dynamic training
weights also increased to a great extent (60.6%). How can
these large gains in lumbar extension strength be explained?
The most reasonable explanation is that lumbar extensor
muscle strength is not normally developed or maintained
with existing exercise methods. As mentioned in the intro-
duction, without proper stabilization of the pelvis, the larger
and stronger thigh (mainly hamstring) and gluteal muscles
do most of the exercise in back extension.'® '™ This situa-
tion may be equivalent to that of a muscle that has been
placed in a cast; it is in a state of chronic disuse, atrophies
quickly, and loses its size and strength.* " 2*#* %% Thus, the
lumbar extensor muscles never develop to their fullest po-
tential and become atrophied from chronic disuse. This
explains why the isolated lumbar extensor muscles have so
much potential for strength development.

The results from this investigation emphasize the impor-
tance of full range of motion testing and training. For
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example, the studies of Berger' and Flint” evaluated and
trained subjects at one point of the range of motion. It is
well established that in most individuals, when a muscle is
trained at a given angle, its strength increases from 15° to
20° either side of that point.**'**! Thus, an angle-specific
training response has been identified for isometric exercise.
The fact that lumbar extensor muscle strength varies so
greatly through the full range of motion'"* makes single
point or limited range testing or training inadequate.'® 1> 24 3

Whether the magnitude of strength gain found in this
study is attributable to hypertrophy related to specific bio-
chemical and histochemical adaptations to training or neural
factors is beyond the scope of this study. Moritani and
deVries™ have attributed strength increases during the first
3 to 5 weeks of resistance training to neuromuscular factors.
They believe that muscle hypertrophy becomes the predom-
inant factor in strength increases after this period of time.
Because the lumbar extensor muscles seem to exist in a
state of chronic disuse under normal conditions, increases
in strength are most likely partially attributable to neural
factors.

If the neural adaptations to training are easily acquired,
the possibility of strength increases from the isometric test-
ing alone must be considered. Previous research on the
MedX lumbar extension machine'®? showed that after 2
days of testing, strength increases attributable to learning
had leveled off. Subjects were tested on four occasions 3 to
7 days apart. The purpose of the study was to test the
reliability and variability of the MedX lumbar extension
machine. The results showed an 8% to 10% (flexion to
extension, full range of motion isometric testing) increase
in lumbar extension strength from Day 1 to Day 2, but no
difference from Day 2 to Day 3 or 4. Thus, the magnitude
of increase in lumbar extension strength in this study could
not be attributed to a learning factor associated with iso-
metric testing. The fact that the control group did not
significantly (P = 0.05) increase lumbar extension strength
supports this fact. Therefore, if part of the increase in
strength from this study were attributable to neural adap-
tations, the adaptations were a result of an exercise training
response and not a learning effect associated with the testing
procedure.

In summary, the data presented here have important
practical applications for individuals participating in resist-
ance training programs for the low back. Exercising 1 day
per week with isolated lumbar extension exercise can sub-
stantially increase the strength of the lumbar extensor mus-
cles after 10 weeks of training. Too properly train the lumbar
extensor muscles, isolation of the lumbar area to eliminate
the contribution of forces from other muscle groups is re-
quired. The magnitude of strength gain shown in this study
reflects the poor initial trained state of the lumbar extensor
muscles. Further research is necessary to determine the
optimal frequency and/or duration of training necessary to
produce the greatest improvement in lumbar extension
strength.
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