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Abstract

We compared lumbar-extension strength between healthy asymptomatic geriatric females
(HEAL) and symptomatic geriatric females (INJ) seeking medical attention for chronic low back
pain. The INJ group used the MedX lumbar-extension machine to perform isotonic exercises two
times per week and were eventually reduced to one time per week. Range of motion (ROM) and
strength were significantly different between groups before beginning the program. After the
program, ROM and strength improved significantly and were not different from those of the HEAL
group. The average length of treatment was 97 days and 20 visits. Subjective pain ratings were
significantly reduced (60%) and exercise weights significantly increased (71%). This confirms the
notion that many back pain sufferers have weaker lumbar-extension strength and that some symp-
tomatic geriatric women can increase strength with progressive resistance exercise, which leads to

a decrease in low back pain. (Key words: Geriatric Lumbar-extension, Strength, MedX)
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Summary: We compared lumbar-extension strength between healthy asymptomatic
geriatric females (HEAL) and symptomatic geriatric females (INJ) seeking medical at-
tention for chronic low back pain. The INJ group used the MedX lumbar-extension
machine to perform isotonic exercise two times per week and were eventually reduced to
one time per week, Range of motion (ROM) and strength were significantly different
between groups before beginning the program. After the program, ROM and strength
improved significantly and were not different from those of the HEAL group. The av-
erage length of treatment was 97 days and 20 visits. Subjective pain ratings were sig-
nificantly reduced (60%) and exercise weights significantly increased (71%). This re-
confirms the notion that many back pain sufferers have weaker lumbar-extension strength
and that some symptomatic geriatric women can increase strength with progressive re-
sistance exercise, which leads to decrease in low back pain. Key Words: Geriatric-Lumbar

extension—Strength—-MedX.

Patients suffering from chronic back pain typically splint
or guard movements that involve the use of the lumbar-
extensor musculature. The result of this splinting is dis-
use of the musculature; disuse leads to atrophy and weak-
ening of the muscle’s contractile ability to withstand stress
and has been demonstrated to be associated with back pain
(3, 14,25, 34, 36, 39). This continuous cycle is referred to
as the chronic deconditioning syndrome. In many cases,
lumbar-extension weakness is the manifestation and com-
mon pathway of all lumbar spinal disease process.

Documentation of pain is highly subjective; however,
quantification of strength and changes in strength, done
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accurately, can be objective and highly reliable. The ba-
sic principles for increasing muscular strength are over-
load and progression. The overload principle requires that
the targeted muscles be worked at greater than normal lev-
els. The progression principle implies that challenges to
the muscles are continually increased as performance in-
creases. Numerous studies have documented significant
changes in strength after 8 to 12 weeks of exercise with
frequencies of one, two, and three times per week (4, 9,
12, 19, 33, 44, 45).

Men are stronger than women (10, 23, 43), and 18- to
50-year-olds are generally stronger than their older coun-
terparts (26). However, using the basic principles for de-
veloping muscular strength, the geriatric population should
be able to achieve the same relative gains as does the
younger population (5, 16, 22, 32, 35).

No information exists on the response of lumbar-ex-
tension strengthening exercises in the geriatric female
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chronic back pain patient. Our purpose was to describe
this population’s lumbar-extension strength compared with
that of their healthy counterparts, evaluate the efficacy of
an isolated lumbar-extension muscular strengthening pro-
gram, and evaluate the patient’s perception of pain before
and after the rehabilitation program.

METHODS

Subjects

Thirty-eight (» = 38) female subjects (age, 68.3 + 6.6
yrs; height, 162.7 + 6.5 cm; weight, 66.2 + 10.4 kg) were
involved in this investigation. Eighteen of the subjects
were chronic back pain patients (INJ, » = 18) who were
physician referred to our active rehabilitation program. Di-
agnosis of this group was varied and ranged from degen-
erative disk disease to postsurgical fusion. Twenty healthy
asymptomatic (HEAL, n = 20) subjects were recruited from
an ongoing community adult fitness program. Participants
in the HEAL group had been involved for >6 months in an
aerobic (walking) or a combined aerobic and strength-train-
ing program. None of these patients were being cared for
under workers’ compensation insurance or were involved
with disability claims. We recognize that the effective-
ness of treatment programs may be clouded by motiva-
tional issues (24, 29, 30, 42).

Strength Testing

All subjects’ isolated lumbar-extension isometric
strength was tested using a computerized MedX Lumbar
Extension Machine. This testing device blocks pelvic
rotation during trunk extension, thereby isolating the
movement of lumbar extension for testing (Fig. 1). Iso-
metric testing allows for the correlation of position and
torque and was conducted at common test angles of 72,
60, 48, 36 , 24, 12, and 0° of range relative to the lum-
bar-extension machine (Fig. 2). In this system, 0° rep-
resents full extension, not neutral position. Initial test-
ing was done on two separate days; the second day’s test
results were used for statistical considerations. Other
authors have described this procedure to be highly reli-
able for quantifying lumbar-extension torque curves
(18).

All subjects were tested at common test angles within
what they described as their pain-free range of motion
(ROM). All isometric testing was symptom limited. At
each test angle, patients were instructed slowly to extend
back against the machine’s movement arm; if they felt any
increased pain or discomfort, they were instructed to dis-
continue attempts at extension and slowly to relax.

Quantification of lumbar-extension strength in the
INJ group was done at the beginning and end of their
involvement in the active rehabilitation program. Quan-

Fig. 1. Force direct through the feet is transmitted through the femur, fixating the pelvis against
the pelvic-restrained pad. This prevents posterior pelvic rotation during extension, thereby isolating
lumbar-extension movement during testing and exercise.
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Fig. 2. Common isometric testing positions used to corre-
late position and torque.

tification of the HEAL group’s lumbar-extension strength
was done once and was based on the efforts produced on
their second test visit.

Rehabilitation

The INJ group used the MedX lumbar-extension ma-
chine to do isolated, isotonic lumbar-extension exercises
during their rehabilitation phase. The patients exercised
at their own speed through flexion (eccentric) and exten-
sion (concentric) cycles of isotonic resistance exercise.
They were encouraged to exercise slowly so as to take 3-4
s for each cycle. Thus each exercise session took >2 min.
The exercise workload was based on a patient’s ability to
perform 20 controlled repetitions with a given workload.
If a patient performed >20 repetitions, the workload for
the next visit was increased. All exercise sessions were
performed through the patient’s greatest pain-free ROM.
Patients were initially seen two times per week for the first
4 weeks. At the 4-week period, patients’ visits were re-
duced to one time per week if the limitation of the exer-
cise sessions was momentary muscle fatigue. If, during
an exercise period, the session was stopped because of an
increase in pain, then a two-time-per-week sessions was
continued. Essentially, those patients who could tolerate
higher intensity exercise sessions were reduce to one time
per week; those who could not maintained a two-time-per-
week regimen.

Patient’s lumbar-extension strength was assessed every
4 weeks. Program completion was based on a lack of im-
provement from one test date to another or a complete re-
duction in pain verbalization by the patient.

Pain

Pain within the INJ group was assessed using a 10-point
analog scale. Patients were asked to verbalize on a scale
of 1 to 10 what their average levels of back pain were for
the previous week, with 1 being no pain, and 10 being
maximum pain. Pain scores were completed initially and
every 4 weeks before strength-testing sessions.

Data Analysis

Descriptive statistics were performed using the Stat-
View statistical analysis software package.

Isometric torque was measured in foot-pounds and con-
verted to Newton-meters. Means and standard deviations
were calculated for each angle of measurement and ROM
onthe HEAL and INJ group. Isometric torque, pain, ROM,
isotonic workload, work time, and repetitions in the INJ
group were measured initially (INJpre) and finally
(INJpost). One-way analysis of variance procedure
(ANOVA) was used to compare torque by angle between
the HEAL, INJpre and INJpost groups. A two-tailed t test
used to compare pain, dynamic exercise, work time, and
repetitions between the INJpre and INJpost groups. Sta-
tistical significance was accepted at a probability of 0.05.

RESULTS

There was no difference in descriptive data of age,
height, and weight between groups (Table 1). The HEAL
group was significantly stronger than the INJP™ group
at all testing angles. After the INJ group rehabilitation,
there were significant differences between INJP™ and
INJP*! but no difference between INJpost and the HEAL
group (Fig. 3). Relative increases in torque ranges from
39 to 84 % increase from the flexed (72°) to extended
(0°) position (Table 2).

Subjective ratings of pain decreased significantly
from 5.3 to 2.1 from the INJP® to INJP*' group. INJP™
ROM (59.2 + 10.8°) was significantly less than that of
HEAL (76.2 + 6°). After the rehabilitation program,
INJP' ROM (68.2 + 4.7°) was significantly greater than
that of INJP but not different from that of HEAL; this

TABLE 1. Characteristic information between groups
Group Age (yr) Height (cm) Weight (kg)
HEAL 684+5.8 162.6 +5.5 69.1 +10
INJ 68.2+75 162.8 +7.5 63.2+10.3

No difference (p > 0.05) between groups.
HEAL, healthy, asymptomatic; INJ, symptomatic.
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FIG. 3. Isometric torque after rehabilitation program. Rela-

tive strength gains listed above.

represents a 15% increase in ROM. During the rehabil-
itation period, dynamic isotonic exercise resistance
weight increased significantly (71%) from 21.5 + 4.3 to
36.9 + 7.9 kg. The average number of repetitions from
the first exercise session to the last increased from 11 +
3.2 to 16.1 + 8. The work time. which designates
the amount of time it required the patients to perform
their repetitions, increased from 144 + 27.6 to 167.6 +
54.2 seconds from the first to last exercise session
(Table 3).

One patient who was diagnosed with a pseudoarthro-
sis of an old L4-to-sacrum fusion did increase in
strength; however, her levels of pain on the analog scale
increased from 5 to 6. Another severely degenerative
scoliosis patient received no improvements in her
strength or levels of pain; however, her ROM did im-
prove from 60 to 72°. Their data were included in all of
the statistical analysis.

TABLE 2.  Mean isometric torque values (Nm) for each
angle, and change within the INJ group

Angle (degrees of lumbar flexion)
0° 12° 24° 36° 48° 60° 72°
INJ 516 656 8.7 972 112.8 106 117.5
+253 1286 +383 +338 +347 +227 +164
INJ 95.5°  118.9° 136.2° 150.6° 156.9° 158.6° 163.7°
+31.9 +382 +443 +453 +489 +383 +36.0
HEAL 97.6 1273 141.8 1553 1589 167.1 158.8
+423 +476 +443 +49.8 +433 +475 +472
Change
(%) INJPe
Vs.
INJ™ 84 81.0 59.0 55.0 39.1 496 39

*INJ™* significantly (p < 0.001) greater than INJ™ but not
different from HEAL.
*INJ™* significantly (p = 0.057) greater than INJ™* but not
different from HEAL.
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TABLE 3.  Pre- and postrehabilitation parameters
Stack Stack Load
Weight Reps Time
Group Pain ROM°® (kg) (s)
INJ™ 53423  592+108 21.5+43 11+43 144+27.6
INP® 21+19°  68.1+47  369+79° 16.1+8.0° 167.6+543"
HEAL 67.2+6.0"

“INJ™* significantly (p < 0.05) different from INJ™™.
°HEAL significantly (p < 0.05) different from INJ” but not INJ™*.

DISCUSSION

These results confirm the notion that back pain suf-
ferers have weaker lumbar-extension strength than their
asymptomatic counterparts (4, 11, 27, 28, 40). The data
also documents that geriatric women have the ability to
increase their strength levels through a regimen of pro-
gressive resistance exercise and that this increase in
strength appears to be associated with a decrease in most
patients in low back symptoms.

The strength levels of the HEAL and INJP**' group
are ~1 SD below those reported for asymptomatic
women (18). These norms are based on a cross-section
of ages from 18- to 65-year-olds; therefore, it is not sur-
prising that the older population is 1 SD below the mean.

The symptom associated with an individual’s spinal
pathology is pain. During periods of pain and discom-
fort, an individual will guard or splint all movements in
the region of associated pain. This splinting or disuse
leads to muscular atrophy, which in turn leads to weak-
ness. Weakness may also be secondary to inhibition
caused by the noxious stimuli caused by the pain. This
condition, if allowed to continue, may develop into a
continually repeating rehabilitating process known as
the chronic deconditioning syndrome. In the healthy
population, maximal strength gains in 12 weeks are seen
at exercise frequencies of three times per week per-
forming three sets of exercise. This represents an 84-
day period involving 36 total days for exercise. These
exercise session involve three sets per day or a total of
108 sets of specific exercise. Typical strength gains with
this protocol will elicit 25 to 30% gains in strength (20).

Our INJ group treatment period lasted 97 days. Of
those 97 days, specific exercises were performed on 20
of them; one set was performed per day or a total of 20
sets of specific exercise. The overall changes in strength
from the program results in a 39 to 84% increase in
strength from the flexed to extended position. Because
of the strength improvement of this magnitude, in this
short time, they apparently had been initially suffering
from deconditioning or inhibition of the lumbar-exten-
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sor musculature. At the motor unit level, the source of
this inhibition is unknown. Certainly pain must be a fac-
tor, but it should be noted that the patient with the pseudoar-
throsis had an increase in measured strength and also an
increase in pain.

We cannot objectively measure pain and discomfort. We
can, however, objectively measure a muscle’s voluntary
contractile efforts and changes within it. Weakness is as-
sociated with the spinal disease process (3, 14, 25, 34, 36,
37, 39). Effective rehabilitation prevents continuation of
the chromic deconditioning syndrome; it also reverses a
weakened condition by returning an individual to preinjury
levels of strength.

An overload stimulus demands that the involved muscles
work at greater than normal levels. An overload stimulus
improves neural control and increases the muscle contrac-
tile protein size (17, 21, 38). Muscle tissue physiologi-
cally adapts to it levels of stimulation.. Therefore, muscu-
lar strength will improve through facilitation of neural
control and muscular hypertrophy (31). Mechanical load-
ing also assists in the proper alignment of collagenous tis-
sue during the repair process (15). Not providing mechani-
cal stress allows cellular repair alignment to occur in ran-
dom order, which in turn leads to adhesions and joint stiff-
ness (1).

Isolation is the key to targeting the specific area of dys-
function (weak link). The human body biomechanical
chain is only as strong as its weakest link. Isolating a
movement makes it possible to provide a progressive over-
load stimulus to the weakened atrophic musculature. With-
out isolation, the overload stimulation will not target the
muscle group in question, and the efficacy of a rehabilita-
tion program will be compromised. Isolating a joint move-
ment provides the safest environment in which to provide
overload principles. During isolated movements, other
muscle groups do not assist or substitute in performance
efforts.

The goal of any rehabilitation program is to restore an
individual to preinjury levels of strength and function.
During the first 4 weeks of a program, two sessions per
week are recommended. Initially, patients are suffering
from a chronic deconditioning syndrome. This is charac-
terized by pain, which encourages reduced activity, which
encourages muscular atrophy, which encourages pain, and
the cycle continues. Initial treatment sessions are gener-
ally limited by pain and discomfort, not fatigue. After 4
weeks, most patients can tolerate higher intensity, fatigue-
limited treatments. For a once per week protocol to be
effective, the treatment must isolate the lumbar extensors,
it must overload the musculature of the lumbar extensors,
and it must be progressive.

Completion of an active rehabilitation program is re-
peated by achievement of expected strength levels, reso-
lution of pain complaints, or a lack of improvement from
one test session to another.

Our patients’ treatments were progressive. Their in-
crease in lumbar-extension strength is attributed t the iso-
lated, progressive treatment program they received.

The restored levels of strength and ROM for our pa-
tients will probably be maintained of they continue to par-
ticipate in activities of daily living. This is demonstrated
by the HEAL group’s baseline levels of lumbar-extension
strength, which they exhibit and maintain by an active
lifestyle with no specific lumbar-extension exercises.

Specific lumbar-extension exercises that increase lum-
bar-extension strength are associated with decreased sub-
jective levels of pain and increased ROM. They have been
demonstrated as useful for the conservation treatment of
low back pain in older women.
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