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ABSTRACT

CARPENTER, D. M. and B. W. NELSON. Low back strengthening for the prevention and treatment of low back pain.
Med. Sci. Sports Exerc., Vol. 31, No. 1, pp. 18-24, 1999. Purpose: Chronic low back pain (CLBP) remains one of the
most difficult and costly medical problems in the industrialized world. A review of nineteenth and early twentieth
century spine rehabilitation shows that back disorders were commonly treated with aggressive and specific progressive
resistance exercise (PRE). Despite a lack of scientific evidence to support their efficacy, therapeutic approaches to back
rehabilitation over the past 30 yr have focused primarily upon passive care for symptom relief. Recent spine
rehabilitation programs have returned to active reconditioning PRE centered around low back strengthening to restore
normal musculoskeletal function. Research has shown that lumbar extension exercise using PRE significantly increases
strength and decreases pain in CLBP patients. It appears that isolated lumbar extension exercise with the pelvis
stabilized using specialized equipment elicits the most favorable improvements in low back strength, muscle crosssectional area, and vertebral bone mineral density (BMD). These improvements occur with a low training volume of 1
set of 8 to 15 repetitions performed to volitional fatigue one time per week. CLBP patients participating in isolated
lumbar extension PRE programs demonstrate significant reductions in pain and symptoms associated with improved
muscle strength, endurance, and joint mobility. Improvements occur independent of diagnosis, are long-lasting, and
appear to result in less re-utilization of the health care system than other more passive treatments. Low back
strengthening shows promise for the reduction of industrial back injuries and associated costs.
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Spinal disorders are the most frequent cause of activity limitation among people below the age of 45 yr. The rate of
physician visits caused by low back pain (LBP) is second only to cardiovascular problems among chronic disorders.
Low back pain ranks fifth among the most frequent reasons for hospitalization and third as a reason for surgical
procedures (2). The natural history of acute LBP (pain less than 3 wk duration) is that 33% of all individuals will be
pain free within 1 wk regardless of the type of intervention, including none. By 3 wk time 75% will recover, and by 2
months over 90% will recover (3). Therefore, the focus of treatment for acute LBP is to rule out serious underlying
conditions (tumor, infection, etc.), control symptoms, and help the patient improve activity tolerance while nature takes
its course (5).
The Quebec Task Force on Spinal Disorders suggests that symptoms lasting more than 7 wk be labeled chronic (40).
Epidemiological statistics indicate that chronic low back pain (CLBP) patients do not enjoy the same prognosis as acute
LBP patients. Chronic LBP is the number one cause of disability in the working population. The likelihood of recovery
to preinjury status for CLBP patients diminishes rapidly with the passage of time (5). Patients who cannot work
because of their spinal pathology and remain symptomatic beyond 1 yr have less than a 2% chance of returning to their
jobs (39).
Currently, the medical community is in need of well-designed outcome studies that will better define efficacious
treatments for CLBP from those that hold little therapeutic value. In the face of limited scientific data, what treatment
advice for the CLBP patient is reasonable? This paper will review the literature to determine the effect of low back
strengthening on the treatment of CLBP.
THE EXERCISE PARADIGM

Specific parameters to acquire and maintain cardiovascular and muscular health and fitness have been defined (1). It
is generally accepted that physical conditioning is best achieved through the controlled, periodic, and quantifiable
application of stress. While exercise dosage may change from patient to athlete, the principles of adaptive overload
remain the same.
Few would argue the importance of exercise conditioning in cardiovascular and general orthopaedic rehabilitation.
Control of pain and inflammation, early mobilization, and specific exercise with progression of intensity remains the
standard course of treatment because it has the best chance to restore normal cardiovascular and musculoskeletal
function. But what about low back rehabilitation? Despite the magnitude of its medical and socioeconomic impact and
the variety of disciplines that have researched and treated it, there is no consensus in the literature as to the most
effective treatment for low back pathology. Further, even in the face of overwhelming evidence to support the exercise
paradigm for nearly all types of physical rehabilitation, there remains considerable doubt as to the value of exercise

applied to chronic low back disorders (18).
EARLY LESSONS IN SPINE REHABILITATION

Like many aspects of muscle strengthening, some of the first recordings of low back exercise have a Western
European origin. Interestingly, strengthening exercises were initially used for physical therapy rather than general
conditioning. In the early nineteenth century, the Swede Ling developed a program of exercises aimed at physical
restoration of injured patients (17). The program, which became known as remedial or Swedish gymnastics, included
exercises for trunk flexion and extension. Unique to Ling's program was the concept of exercising an isolated muscle
group against a resistive force. Ling also believed that a patient's exertion level (and resistive force) should be increased
gradually as healing occurs. Resistive force for each exercising muscle was provided manually by the physiotherapist,
which proved demanding and difficult to quantify, particularly as the therapist fatigued over the course of a day.
From 1857 to 1920, a Swedish physician named Zander advanced the theories of Ling by developing a system of
strengthening exercises that utilized mechanical devices that Zander himself designed and built (19). Zander's
application of mechanics to exercise was based upon the premise that, by controlling and standardizing resistive forces,
muscle exertion could be better quantified. Machines also relieved the therapist from having to manually provide
resistance. Through the use of restraint mechanisms and weighted lever arms, Ling's principles of muscle isolation and
progressive resistance were inherent in Zander's designs. Zander's concepts and innovations led many fellow physicians
to develop exercise programs that emphasized back strengthening.
Despite early advances, the amount and type of exercise prescribed for muscle strengthening remained a subjective
and discretionary judgment of the physician or physical therapist. This situation changed in the 1940s when DeLorme
and Watkins (8) introduced their system of progressive resistance exercise (PRE). DeLorme and Watkins' system of
PRE was the first to quantify objectively muscle strengthening by controlling exercise intensity (% repetition
maximum), volume (sets and repetitions), and frequency. Principles of PRE called for specific and periodic overload of
isolated muscles through the use of barbell and weighted cable-pulley type exercises. Specific low back resistance
exercises were developed to treat chronic psychosomatic back pain, muscle atrophy consequent to spinal fusion,
degenerative joint disease, low back strains, and even poliomyelitis. Particular care was given to ensure isolation of the
lumbar extensor muscles by preventing concurrent hip extension. The goal of such exercise was to return the patient to
a normal level of physical functioning. To that end, DeLorme and Watkins noted a gradual resolution of symptoms
associated with back pain as exercise weight loads and trunk muscle strength increased.
In 1958, Flint (10) published a study which demonstrated the effectiveness of high intensity PRE for the treatment of
CLBP. Nineteen subjects suffering from back pain were evaluated for one repetition maximum (1RM) strength before
and after a 12-wk exercise program. The program consisted of 10-RM trunk flexion (two sets) and extension (one set)
progressive resistance exercises performed three times per week. To provide specific exercise for the low back, a
specialized slant table was used that allowed subjects to extend their trunks backward from a flexed position with the
lower body secured. Resistance was provided by weights attached to a cable-pulley system and connected to a vest
harness worn by the subjects. A control group of 27 subjects free from back pain were tested and exercised in the same
manner to allow for strength comparisons. Both the patient and control groups demonstrated similar and significant
improvements in trunk flexion and extension strength from the training program. Of the back pain patients, 58%
reported a complete resolution of back pain, 31% reported partial relief, and 11% experienced no relief.
What lessons did 100 yr of back strengthening provide? The need for muscle overload is most dominant. Whether it
be in the form of barbells or machines, mechanical overload has formed the basis of most programs, presumably
because of its ability to quantify effort. Progression of exercise intensity through adjustable resistance also proved a
consistent theme. Additionally, nearly all historical recordings of strengthening devices and programs recognized the
need to stabilize the lower extremities in an effort to isolate and exercise the low back musculature. Finally, these
principles were developed to affect low back function, including muscle strength, endurance, and joint mobility. A
review of "modern" spine care over the past 30 yr shows that these early concepts were abandoned in favor of passive
modalities that predominantly treat symptoms.
PASSIVE VERSUS ACTIVE TREATMENT

Despite the large number of conservative care treatments available to the CLBP patient, few have met the challenge
of vigorous scientific investigation. Chronic LBP treatments that have become standard, even in the absence of
scientific data which supports their efficacy, include bed rest, passive modality therapy (i.e., ultrasound, electrical
stimulation, diathermy, massage, traction, manipulation, enzyme injections, hot packs, cold packs, etc.), medications,
stretching, back schools, and pain clinics (32). A common denominator among these treatments is that, because they
are passive in nature, they do not elicit healing through positive physiological adaptation. While they may serve to
relieve acute pain, the continued application of passive therapies beyond 6 wk from a soft tissue injury adds an
unnecessary layer of treatment costs and is of little proven value in the management of CLBP (5).

Because of their association of physical activity with increased pain, CLBP patients often avoid using their backs
(25). Their decreased joint mobilization is associated with the wasting of trunk musculature, a decrease in muscular
strength/endurance and cardiovascular fitness, stiffness of ligaments and joints, reduced metabolic activity, and an
increased susceptibility to sprains, strains, and muscle spasms. These deleterious effects of muscle/joint disuse provoke
symptoms, causing greater avoidance of activity. This cylical pattern of pain/avoidance of activity/deconditioning/more
pain, referred to as the "Deconditioning Syndrome," is a defining characteristic of the CLBP patient (22). A number of
studies have shown that CLBP patients have significantly lower trunk strength when compared with healthy controls
(25,30,38). In addition, weak trunk musculature has been found to be an important risk factor for low back problems
(6). Likewise, individuals with greater levels of muscular strength and endurance and cardiovascular fitness will have
fewer spinal problems (6,22,30). Mobilization of the spine has also been shown to reverse biochemical changes caused
by injury, which may help to alleviate LBP (26). Currently, there is general consensus in the literature which supports
the need for active reconditioning exercise in the treatment of CLBP (5). Unfortunately, there is little agreement as to
which exercise regimes are most effective at producing optimal therapeutic outcomes.
The fact that many CLBP patients have participated at one time or another in exercise therapy programs without
significant symptom relief may lead some clinicians to question the value of this treatment choice. However, it is
important to acknowledge the difference between movement and meaningful exercise. Athletes do not become better
conditioned by simply lying on the floor and moving their joints and limbs. Conditioning occurs only through the
controlled application of progressive and intensive overload. In this sense, CLBP patients are no different than athletes.
William's flexion and McKenzie extension calisthenics movements for the spine are commonly prescribed for LBP, but
lack the necessary requirements that facilitate adaptive responses in deconditioned tissue (27). For example, increases
in external resistive load to the muscles are limited by the constraints of body segment weight. Such movements fail to
provide a meaningful level of muscular resistance throughout a full range of joint movement. Perhaps of greatest
importance relative to low back rehabilitation, calisthenics-type floor exercises do not isolate the low back muscles
because the pelvis is free to move.
PELVIC STABILIZATION AND ISOLATED LUMBAR FUNCTION

Pollock et al. (34) have discussed factors that influence the accurate assessment of low back (lumbar extension)
strength in detail. Pelvic stabilization is among the key requirements for accurate measurement and training of the
lumbar extensor muscles. Figure 1A shows the relationship between pelvic and lumbar movement. Contraction of the
hip extensor muscles is responsible for pelvic rotation through approximately 110°. Throughout this movement, the
lumbar vertebrae maintain their relative position to one another. When the pelvis is immobilized, the lumbar vertebrae
extend as the low back muscles contract and move the lumbar spine through 72° (Fig. 1B). Other investigators have
documented the need for pelvic stabilization during dynamometry measurements of lumbar extension strength (12, 31,
38).
Recent advances in the design of exercise equipment have improved the efficiency and effectiveness of resistance
training. Although there are a number of commercially available devices purported to exercise the low back, few
actually affect the lumbar extensor muscles because of their inability to fixate the pelvis. Graves et al. (14) compared
the effects of intensive training with various low back machines on the development of isolated lumbar extension
strength. The study showed that exercise performed on a lumbar extension machine that isolates the lumbar muscles by
pelvic stabilization resulted in a dramatic increase in low back strength, while training on low back machines that did
not stabilize the pelvis yielded no improvement. The lumbar extension machine (MedX Corp., Ocala, FL) is unique in
its ability to isolate the lumbar muscles by stabilizing the pelvis with specially designed restraints (Fig. 2).
LUMBAR EXTENSION EXERCISE PRESCRIPTION

Pollock et al (35). have shown that the lumbar extensor muscles have an unusually large potential for strength
improvement when isolated through pelvic stabilization and exercised with a low training volume. Fifteen healthy,
asymptomatic subjects trained on a lumbar extension machine one time per week for 10 wk. Training consisted of one
set of 6 to 15 repetitions of lumbar extension exercise to muscle fatigue. A control group performed no training. The
exercise group showed a significant and dramatic increase in lumbar extension strength when compared with the
control group, which showed no change (Fig. 3). The magnitude of strength gained by the training group (42% at full
flexion to 102% at full extension) indicates that the lumbar muscles were initially very weak and have a large potential
for improvement.
To determine the effect of training frequency on the development of lumbar extension strength, Graves et al. (13)
randomized 72 healthy, asymptomatic subjects into groups that trained every other week, once per week, twice per
week, three times per week, or a control group that did not train. Training consisted of one set of isolated dynamic
lumbar extension exercise to fatigue with the pelvis stabilized over a 12-wk period. The results showed that all training
groups significantly increased in lumbar extension strength when compared with controls; however, there was no

difference among the groups with respect to the magnitude of strength gained. These data indicate that a lumbar
extension training frequency as low as one time per week is as effective as two or three weekly training sessions. The
lumbar extension muscles appear to be unique in this regard, with other muscle groups needing greater frequencies of
training (9). Further research is needed to determine the mechanisms that cause training frequency differences among
various muscle groups.
In addition to improvements in strength, training of the isolated lumbar extensor muscles has been shown to
significantly increase lumbar vertebrae BMD and erector spinae cross-sectional area (CSA). Pollock et al (33).
randomized a group of elderly subjects (60-82 yr of age) into a training group (N = 17) that performed one set of 10-15
lumbar extensions to muscle fatigue one time per week and a control group (N = 6) that did no low back exercise.
Before and after the 6-month study period, subjects were assessed for lumbar extension strength and lumbar BMD (L2,
L3, lateral perspective). The results indicated a significant improvement in both lumbar strength and BMD in the
training group, while the control group showed no change. To determine the effect of isolated lumbar extension
exercise performed one time per week on erector spinae CSA, Foster et al. (11) studied a group of 9 male subjects over
a 6-month training period. Magnetic resonance imaging (MRI) was used to measure right and left erector spinae CSA
before and after the training program. Subjects performed one set of 8 to 12 lumbar extensions to muscle fatigue one
time per week. The results showed significant increases in lumbar extension strength and right and left side erector
spinae CSA.
LUMBAR EXTENSION EXERCISE REHABILITATION PROGRAMS

Contemporary rehabilitation programs have addressed deconditioning and disability in CLBP patients using a
"functional restoration," sports medicine approach to industrial back injury (22). Functional restoration programs are
multidisciplinary and typically include a combination of short-term, intensive medical, psychological, physical, and
occupational therapy. A number of studies have shown that CLBP patients can benefit from these programs by a
reduction in LBP and the need for less additional health care following treatment (16,23,24). Functional improvements
have included improved trunk strength and mobility and resulted in a greater lifting capacity.
Manniche (20) studied the effects of PRE on 105 CLBP patients randomized into three groups. A usual care group
received hot packs, massage, and mild flexion exercises two times per week for 4 wk. A high intensity exercise group
performed 50 sets each of hip extensions, back extensions, and pull downs three times per week for 4 wk, then two
times per week for an additional 8 wk. A low intensity exercise group used the same regimen as the high intensity
group, but performed 20 sets of each exercise. The high intensity group improved significantly in endurance (prone
trunk hang) and back mobility, while reducing pain, disability, and physical impairment. The usual care and low
intensity exercise groups showed little or no change. A subsequent study confirmed that intensive exercise performed at
least one time per week over a 1-yr follow-up period can maintain improved symptomatology (21). Unfortunately,
many studies investigating the effects of exercise on CLBP contain numerous methodological shortcomings (18),
and/or did not isolate the lumbar muscles, thus making it difficult to determine the role of specific low back exercise in
the treatment of LBP. In addition, specific prescriptions that delineate resistive exercise intensity and frequency
(dosage) were not adequately reported.
Recent data have shown that CLBP patients demonstrate positive therapeutic outcomes from a specific dosage of
isolated lumbar extension exercise with the pelvis stabilized. Patients also reported a significant reduction in LBP and
improvements in functional status. In a randomized, controlled experiment, Risch et al. (37) examined the effects of
isolated lumbar extensor exercise in 54 patients suffering from CLBP for an average of 8 yr. Patients were randomly
assigned to a 10-wk exercise program or a wait-list control group. Treatment consisted of 8-12 repetitions of isolated
lumbar extension exercise to fatigue two times per week for the first 4 wk and one time per week for the remaining 6
wk. Results indicated a significant full range-of-motion increase in isometric lumbar extension strength for the
treatment group and a significant reduction in reported pain compared with controls who showed no change. Treated
patients also reported less physical and psychosocial dysfunction.
Nelson et al. (30) tested the long-term efficacy of aggressive, isolated lumbar extension exercise in a nonrandomized,
controlled study of 895 consecutive patients suffering from CLBP for an average of 26 months. A total of 627 patients
completed the program, while 107 patients were evaluated and recommended for inclusion into the program but for
various reasons did not enroll and served as a control group. One hundred sixty-one patients initiated treatment but for
a variety of reasons dropped out before completion. The treatment consisted of PRE to muscle fatigue for the isolated
lumbar extensor and torso rotation muscles over an average of 18 visits (approximately 8-10 wk). Treated patients
significantly improved in isometric lumbar extension strength and ROM, and dynamic lumbar extension and torso
rotation strength. Patients in the treatment group also showed substantial improvements in LBP, leg pain, and ability to
perform daily activities. Those patients that showed greatest improvements in symptomatology also demonstrated the
largest increases in lumbar extension strength. At 1 yr follow-up, patients in the treatment group had maintained their

improvements in symptomatology and had less utilization of the health care system compared with the controls. Thus,
aggressive strengthening of the isolated lumbar extension muscles for the treatment of CLBP in this study resulted in
significant improvements in measurable low back function and lasting reduction in symptomatology with less use of
the health care system. Interestingly, patients in the treatment group were able to achieve these improvements despite
the fact that they had, on the average, tried six conservative treatment modalities and seen three health care providers
before entering the program.
LOW BACK INJURY PREVENTION

A variety of programs have attempted to reduce the incidents of industrial low back injuries, including workplace
evaluation and design, pre-employment screening, occupational strength testing, workplace simulation, vocational
intervention, and management/worker education and training (36). Despite these efforts, workers' compensation costs
related to back disorders continue to escalate (29). A limiting factor of ergonomic training and education programs is
that they are primarily designed to protect the worker while on the job. How is the worker protected from back injury
the remaining two-thirds of the time away from the job? One possible solution is to improve the structural and
functional capacity of the lumbar spine through a low back exercise program. Load-bearing dynamic exercise has a
beneficial effect on the properties of bone, ligament, tendon, and muscle (41). As discussed earlier, isolated low back
strengthening programs have been shown to elicit positive bone and muscle adaptations in the lumbar spine (11,33).
Since workers with low levels of muscular strength suffer a higher incidence of back injury (7), it is reasonable to
expect that strengthening the low back architecture may reduce the risk of back injury both at and away from the
workplace. Several studies have investigated the relationship between worker physical fitness levels and back injury
(4,6), but the findings are equivocal and have centered mainly on cardiovascular conditioning.
Gundewall et al. (15) published a controlled, randomized study to determine whether a program designed to improve
back strength, endurance, and coordination would affect the occurrence of low back pain among nurses and nurse's
aides in a geriatric hospital. Sixty-nine subjects were randomized into a training group (N = 28) or a control group (N =
32) that did not exercise. Training consisted of calisthenic-type back extension exercises that used body weight, elastic
bands, or hand-held weights as resistance. Exercise sessions occurred during working hours and averaged six per month
over a 13-month period. Intensity of the exercise was increased periodically through individual training sessions with a
physiotherapist. Subjects in the training group showed a significant increase in back muscle strength. One subject was
absent from work 28 d in the training group compared with 12 subjects absent from work for a total of 155 d in the
control group. Back pain complaints and intensity of pain decreased significantly in the training group. Unfortunately,
since subjects in the training group performed a variety of back exercises designed to affect different aspects of
neuromuscular function, the results cannot be attributed solely to improvements in muscle strength.
A recent study has demonstrated the positive effects of an industrial spine injury prevention program in a Montana
coal strip mine utilizing a specific program of isolated low back muscle strengthening (28). A group of employees
performed lumbar extension exercise to muscle fatigue one time per week for 20 wk and were compared to a
nonexercising group. Exercise was performed during working hours on a lumbar extension machine which isolates the
low back muscles by preventing pelvic movement (Fig. 2). There was a 54 to 104% increase in low back strength in the
exercise group. The incidence of back injuries in this group was 0.52 injuries per 200,000 employee hours versus the
industry average of 1.09 back injuries per 200,000 employee hours. The average incidence of injury for the previous 9
yr at the coal mine was 2.94 injuries per 200,000 employee hours. The injury incidence in the workers not exercising
was 2.55 injuries for 200,000 employee hours. The average workers' compensation liability dropped from $14,430 per
month to $380 per month over the study period. The significant increase in strength associated with the exercise group
correlated with the greatly reduced incidence of back injury claims.
SUMMARY

Chronic LBP is a difficult and costly problem to address. Nineteenth century spine rehabilitation programs
emphasized intensive, progressive resistance exercise to restore a weak, deconditioned musculoskeletal system to
normal levels of function. This treatment approach remained popular well into the twentieth century until the
emergence of passive modalities, which redirected patient care toward symptom relief. Unfortunately, passive care
does not address underlying dysfunction and fosters an ongoing, costly reliance upon the health care system. Research
over the past 10 yr suggests that CLBP is best managed by specific, progressive, and intensive lumbar extension
reconditioning exercise with the pelvis stabilized. Isolated lumbar extension resistance training significant improves
lumbar muscle strength, CSA, and BMD with a minimal training volume of one set of 8 to 15 repetitions performed to
muscle fatigue one time per week. Chronic LBP patients who participate in a low back strengthening program can
expect significant improvements in muscular strength, endurance, and joint mobility, as well as relief of pain and
symptoms. Additional randomized, controlled studies should help to delineate further the role of isolated lumbar
extension exercise for the treatment of CLBP and to test its efficacy against other methods of care. Specific low back

strengthening shows promise for decreasing industrial back injuries and reducing associated workers' compensation
costs.
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Figure 1--A) Compound movement usually involved in trunk extension. Contraction of the gluteal and hamstring
muscles produces 110° of pelvic rotation about the femurs. Simultaneous contraction of the lumbar extensor muscles
produces 72° of lumbar vertebral movement. B) Isolated lumbar function with the pelvis immobilized.
Figure 2--Restraint system of the lumbar extension machine used to isolate the lumbar extensor muscles for progressive
resistance exercise. With the femur and thigh restraints tightened, the pelvis is immobilized, thereby preventing hip
extension (gluteals and hamstrings) from influencing the exercise.
Figure 3--Torque measurements for lumbar extension isometric strength of the control and training groups. T1 and T2
represent measurements before and after the 10-wk study period. Training consisted on one set of 6 to 15 repetitions to
muscle fatigue one time per week. Values are means and +/- SEM in newton-meters. Graph is from reference 35.
Pollock, M., S. Leggett., J. Graves, A. Jones, M. Fulton, and J. Cirulli. Effect of resistance training on lumbar extension
strength. Am. J. Sports Med. 17:624-629, 1989.
REFERENCES

1. AMERICAN COLLEGE OF SPORTS MEDICINE. Position paper on the recommended quantity and quality of
exercise for developing and maintaining cardiorespiratory and muscular fitness in healthy adults. Med. Sci. Sports
Exerc. 22:265-274, 1990.
2. ANDERSSON, G. The epidemiology of spinal disorders. In: The Adult Spine: Principles and Practice, J.
Frymoyer (Ed.). New York: Raven Press, 1991, pp. 107-146.
3. ANDERSON, G. and H. SVENSSON. The intensity of work recovery in low back pain. Spine 8:880-884, 1983.
4. BATTIÉ, M., S. BIGOS, L. FISHER, et al. A prospective study on the role of cardiovascular risk factors and
fitness in industrial back pain complaints. Spine 14:141-147, 1989.
5. BIGOS, S., O. BOWYER, and G. BRAEN. Clinical Practice Guideline Number 14: Acute Low Back Problems in
Adults. AHCPR Publ. No 95-0642. Rockville, MD: Agency for Health Care Policy and Research, Public Health
Service, U.S. Department of Health and Human Services, December, 1994.
6. CADY, L., D. BISCHOFF, E. O'CONNELL, P. THOMAS, and J. ALLEN. Strength and fitness and subsequent
back injuries in firefighters. J. Occup. Med. 21:269-272, 1979.
7. CHAFFIN, D. Human strength capability and back pain. J. Occup. Med. 16:248-254, 1974.
8. DELORME, T. and A. WATKINS. Technics of progressive resistance exercises. Arch. Phys. Med. 29:263-273,
1948.
9. FEIGENBAUM, M. and M. POLLOCK. Strength training: rationale for current guidelines for adult fitness
programs. Phys. Sportsmed. 25:44-64, 1997.
10. FLINT, M. Effect of increasing back and abdominal muscle strength on low back pain. Res. Q. 29:160-171,
1958.
11. FOSTER, D., M. AVILLAR, M. POLLOCK, et al. Adaptations in strength and cross-sectional area of the lumbar
extensor muscles following resistance training. Med. Sci. Sports Exerc. 25:S47, 1993.
12. GRAVES, J., M. POLLOCK, D. CARPENTER, et al. Quantitative assessment of full range-of-motion isometric
lumbar extension strength. Spine 15:289-294, 1990.
13. GRAVES, J., M. POLLOCK, D. FOSTER, et al. Effect of training frequency and specificity on isometric lumbar
extension strength. Spine 15:504-509, 1990.
14. GRAVES, J., D. WEBB, M. POLLOCK, et al. Pelvic stabilization during resistance training: its effect on the
development of lumbar extension strength. Arch. Phys. Med. Rehabil 75:211-215, 1994.
15. GUNDEWALL, B., M. LILJEQVIST, and T. HANSSON. Primary prevention of back symptoms and absence
from work: a prospective randomized study among hospital employees. Spine 18:587-594, 1993.
16. HAZARD, R., J. RENWECK, and S. KALISCH. Functional restoration with behavioral support: a one-year
prospective study of chronic low back pain. Spine 14:157-161, 1989.
17. HIRT, S. Historical bases for therapeutic exercise. Am. J. Phys. Med. 46:32-38, 1967.
18. KOES, B., L. BOUTER, H. BECKERMAN, G. VAN DER HEIJDEN, and P. KNIPSCHILD. Physiotherapy
exercises and back pain: a blinded review. Br. Med. J. 302:1572-1576, 1991.
19. LEVERTIN, A., F. HEILIGENTHAL, and G. SCHUTZ. The Leading Features of Dr. G. Zander's Medico-

Mechanical Gymnastic Method. Wiesbaden: Rossel, Schwarz & Co., 1906, pp. 7-35.
20. MANNICHE, C., L. BENTZEN, and G. HERSSELROE. Clinical trial of intensive muscle training for chronic
low back pain. Lancet 2:1473-1476, 1988.
21. MANNICHE, C., E. LUNDBERG, I. CHRISTENSEN, L. BENTZEN, and G. HESSELSOE. Intensive dynamic
back exercises for chronic low back pain: a clinical trial. Pain 47:53-63, 1991.
22. MAYER, T. and R. GATCHEL. Functional Restoration for Spinal Disorders: The Sports Medicine Approach.
Philadelphia, Lea & Febiger, 1988, pp. 3-308.
23. MAYER, T., R. GATCHEL, H. MAYER, N. KISHINO, J. KEELEY, and V. MOONEY. A prospective two-year
study of functional restoration in industrial low back injury: an objective assessment procedure. JAMA 258:1763-1767,
1987.
24. MAYER, T., R. GATCHEL, N. KISHINO, et al. Objective assessment of spine function following industrial
injury: a prospective study with comparison group and one-year follow-up. Spine 10:482-493, 1985.
25. MAYER, T., S. SMITH, J. KEELEY, and V. MOONEY. Quantification of lumbar function. Part 2: sagittal plane
trunk strength in chronic low-back patients. Spine 10:765-772, 1985.
26. MOONEY, V. Why exercise for low back pain? J. Musculoskel. Med. 12:33-39, 1995.
27. MOONEY, V. Treating low back pain with exercise. J. Musculoskel. Med. 12:24-36, 1995.
28. MOONEY, V., M. KRON, P. RUMMERFIELD, and B. HOLMES. The effect of workplace based strengthening
on low back injury rates: a case study in the strip mining industry. J. Occup. Rehab. 5:157-167, 1995.
29. NATIONAL COUNCIL ON COMPENSATION INSURANCE. Worker's Compensation Back Claim Study.
National Council on Compensation Insurance: Boca Raton, FL, 1993, pp. 1-76.
30. NELSON, B., E. O'REILLY, M. MILLER, M. HOGAN, J. WEGNER, and C. KELLY. The clinical effects of
intensive, specific exercise on chronic low-back pain: a controlled study of 895 consecutive patients with 1-yr followup. Orthopedics 18:971-981, 1995.
31. PETERSON, C., L. AMUNDSEN, and M. SCHENDEL. Comparison of the effectiveness of two pelvic
stabilization systems on pelvic movement during maximal isometric trunk extension and flexion muscle contractions.
Phys. Ther. 67:534-539, 1987.
32. POLATIN, P. The functional restoration approach to chronic low back pain. J. Musculoskel. Med. 7:17-30, 1990.
33. POLLOCK, M., L. GARZARELLA, and J. GRAVES. Effects of isolated lumbar extension resistance training on
BMD of the elderly. Med. Sci. Sports Exerc. 24:S66, 1992.
34. POLLOCK, M., J. GRAVES, D. CARPENTER, D. FOSTER, S. LEGGETT, and M. FULTON. MUSCLE. In:
Rehabilitation of the Spine: Science and Practice, S. Hochschuler, H. Cotler, and R. Guyer (Eds.). St. Louis: Mosby,
1993, pp. 263-284.
36. POPE, M., G. ANDERSSON, J. FRYMOYER, and B. CHAFFIN. Occupational Low Back Pain: Assessment,
Treatment, and Prevention. St. Louis: Mosby Year Book, 1991, pp. 3-320.
37. RISCH, S., N. NORVELL, and M. POLLOCK. Lumbar strengthening in chronic low back pain patients:
physiologic and psychological benefits. Spine 18:232-238, 1993.
38. SMIDT, G., T. HERRING, L. AMUNDSEN, M. ROGERS, A. RUSSELL, and T. LEHMAN. Assessment of
abdominal and back extensor function: quantitative approach and results for chronic low-back patients. Spine 8:211219, 1983.
39. SPENGLER, D., S. BIGOS, N. MARTIN, J. ZEH, L. FISHER, and A. NACHEMSON. Back injuries in
industry: a retrospective study. 1. overview and cost analysis. Spine 11:241-246, 1986.
40. SPITZER, W., F. LEBLANC, and M. DUPUIS. Scientific approach to the assessment and management of
activity-related spinal disorders: a monograph for clinicians. Report of the Quebec Task Force on Spinal Disorders.
Spine 12(Suppl.):S1-S59, 1987.
41. WOO, S. and J. BUCKWALTER. (Eds.). Injury and Repair of the Musculoskeletal Soft Tissues. Park Ridge, IL:
Amercian Academy of Orthopedic Surgeons 1991, pp. 1-530.

