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Abstract EDITORS’ PREFACE: The management of chronic low back pain (CLBP) has proven very chal-
lenging in North America, as evidenced by its mounting socioeconomic burden. Choosing among
available nonsurgical therapies can be overwhelming for many stakeholders, including patients,
health providers, policy makers, and third-party payers. Although all parties share a common goal
and wish to use limited health-care resources to support interventions most likely to result in clin-
ically meaningful improvements, there is often uncertainty about the most appropriate intervention
for a particular patient. To help understand and evaluate the various commonly used nonsurgical
approaches to CLBP, the North American Spine Society has sponsored this special focus issue
of to The Spine Journal, titled Evidence-Informed Management of Chronic Low Back Pain Without
Surgery. Articles in this supplement were contributed by leading spine practitioners and researchers,
who were invited to summarize the best available evidence for a particular intervention and encour-
aged to make this information accessible to nonexperts. Each of the articles contains five sections
(description, theory, evidence of efficacy, harms, and summary) with common subheadings to facil-
itate comparison across the 24 different interventions profiled in this special focus issue, blending
narrative and systematic review methodology as deemed appropriate by the authors. It is hoped that
articles in this special focus issue will be informative and aid in decision making for the many
stakeholders evaluating nonsurgical interventions for CLBP. © 2008 Elsevier Inc. All rights
reserved.
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Description
Terminology

Exercise, loosely translated from Greek, means “freed
movement” and describes a wide range of physical activities.
Therapeutic exercise implies that the purpose of the prescribed
exercise program is for the treatment of a medical condition
rather than recreation and includes the following subcategories
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[1]: 1) activity as usual (eg, recommendations against physical
restrictions); 2) aerobic (eg, walking, cycling); 3) aquatic (eg,
pool rehabilitation); 4) directional preference (eg, McKenzie);
5) flexibility (eg, Yoga); 6) proprioceptive/coordination (eg,
wobble board, stability ball); 7) stabilization (eg, low load ex-
ercise targeting abdominal and spinal trunk muscles); and 8)
strengthening (eg, lifting weights).

Studies on therapeutic exercises often fail to provide de-
tails on the specific exercise techniques used and the exact
exercise protocol that was prescribed or followed (eg, dose,
timing, intensity). Moreover, guidelines and systematic
reviews frequently combine various forms of therapeutic
exercise and ignore important differences between the dif-
ferent types of exercise, as well as different protocols for
administration. This has resulted in differing conclusions
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regarding the efficacy and equivalence of different types of
exercise for chronic low back pain (CLBP) [2-5].

This review will focus specifically on lumbar extensor
strengthening through supervised progressive resistance ex-
ercises (PREs) with isolation and intensive loading of the
target muscles. Lumbar extensor strengthening exercises
are based on standard resistance training principles includ-
ing overload, specificity, and reversibility, as well as the
basic principles of exercise prescription for resistance train-
ing, which include frequency, intensity, volume, duration,
and mode. These concepts are discussed further below [6,7].

The target muscles for lumbar extensor strengthening
programs are the lumbar erector spinae and multifidus.
The erector spinae group comprises the iliocostalis lumbo-
rum and longissimus thoracis, and is positioned lateral to
the multifidus [8]. The erector spinae consists of several
multisegmental fascicles, allowing for sagittal rotation
(lumbar extension) and posterior translation when the mus-
cles contract bilaterally [9]. The fascicular arrangement of
the multifidus suggests that this muscle acts primarily as
a sagittal rotator (lumbar extension without posterior trans-
lation). Lumbar lateral flexion and axial rotation are also
possible for both the multifidus and erector spinae during
unilateral contraction [10]. In contrast to lumbar extensor
strengthening exercise, lumbar stabilization exercise con-
sists of low load, low intensity, isometric, or restricted
range-of-motion (ROM) techniques [11]; that type of exer-
cise is discussed elsewhere in this supplement.

History

Physical exercise has an ancient heritage. Hippocrates
noted that lack of exercise led to atrophy, liability for disease,
and quicker aging [12]. In 1865, Gustav Zander developed
a technique named ‘“‘medical mechanical therapy” using
exercise equipment, including a device to strengthen the back
extensors [13]. Although Zander described progressive exer-
cise using equipment in the late 1800s, the idea did not
receive much attention in the medical community for treating
disease [12]. The first known treatment program for muscu-
loskeletal care that can likely be characterized as therapeutic
exercise was by Thomas De Lorme in 1945 for rehabilitation
of injured or postsurgical joints [ 14]. The PREs were founded
on the principles of weightlifters and bodybuilders using free
weights (barbells and dumbbells) in a progressively demand-
ing approach by increasing the amount of weight and number
of repetitions. Today’s athletic training programs continue to
use these basic PRE principles.

Exercise equipment specifically designed to treat CLBP
by strengthening the lumbar extensors through PREs ap-
peared in the late 1980s. Soon after this, protocols were
published for isometric testing and dynamic variable resis-
tance training on dynamometers that isolated the lumbar
spine [7,15]. The availability of these measurement-based
machines made it possible to more clearly define the dose
of exercise during the treatment of CLBP.

Although dynamometers and isokinetic machines effec-
tively administer PREs to strengthen the lumbar extensors,
the use of these machines for CLBP has been questioned
because of their relatively high cost and inconvenience
[16,17]. As a result, less costly protocols were developed
including fixed-angle Roman chairs and benches, vari-
able-angle Roman chairs (VARCs), floor exercises, and
stability balls. However, it is still unclear if these options
provide the overload stimulus necessary to elicit clinically
meaningful lumbar extensor strength gains [18,19].

Subtypes

There are four subtypes of lumbar extensor strengthen-
ing exercise protocols categorized by the equipment used:
1) machines; 2) benches and Roman chairs; 3) free weights;
and 4) floor and stability balls. The characteristics, advan-
tages, and disadvantages of each subtype are highlighted
in Table 1 and each is illustrated in Figs. 1-5.

General description

Standard principles for resistance training (overload,
specificity, and reversibility) and exercise prescription
(frequency, intensity, volume, duration, and mode) [7] are
discussed below with respect to lumbar extension strengthen-
ing exercise for CLBP using the guidelines of the American
College of Sport Medicine [20]. Ideally, as in all evidence-
based medical therapies, the dose of treatment should be de-
fined so that the relationship between the treatment applied
and outcomes achieved can be determined. Thus, each of
these exercise principles plays an important role in lumbar
strengthening exercise programs and must be appropriately
defined, measured, and delivered to achieve an optimal ther-
apeutic effect.

Overload

Both lumbar muscle strength and endurance can be en-
hanced through PRE training [7]. In order for resistance ex-
ercise programs to produce continued increases in muscular
strength and endurance, training must include progressive
overload for the target musculature [7]. Intensity must be
increased to produce strength gains, whereas volume must
be increased to improve endurance. Progressive overload in
intensity and volume should be gradual, particularly when
treating CLBP [12].

Specificity

Specificity implies that the target muscle must be iso-
lated during loaded movements so that sufficient muscular
activation is achieved [7]. To isolate the lumbar spine and
enhance specificity, lumbar strengthening exercise equip-
ment and techniques use various strategies. The lumbar
dynamometer, for example, incorporates a series of pelvic
restraint mechanisms to restrict pelvic and hip rotation



Table 1
Subtypes of lumbar extensor strengthening exercises

Type Examples Position/movement PRE Measurement Advantages Disadvantages
Machines  Variable resistance Seated; Pin loaded weight stack, Strength: Isometric and dynamic Gradual/incremental progression Relatively expensive ($6,000-8,000
dynamometers Isotonic (with or without pneumatic, electronic/cam  strength tests over full ROM of exercise load; US for noncomputerized machines);
variable resistance); system. using machine’s assessment  Standardized protocols for Large size;
Closed-chain exercise for mechanisms. testing and training; Exercise in one plane or one direction
both upper and lower Endurance: Isometric and Loads in ranges necessary for patients;  only.
body. dynamic tests over full ROM. Visual feedback of performance
(computerized devices);
High degree of isolation of lumbar
spine improves force production
from lumbar extensors;
Variable resistance allows for
consistent load throughout ROM;
Safety.
Machines  Isokinetic Standing or seated. Pin loaded weight stack; Strength and endurance: Gradual/incremental progression of Torque overshoot;
Altering rate of motion. isokinetic measurement of exercise load; Acceleration/deceleration may lead to
work load over Standardized protocols for testing harmful impact forces;
full ROM. and training; Unnatural movement patterns;
Loads in ranges necessary for No known commercial devices are
patients; currently manufactured.
Visual feedback of performance
(computerized devices).
Benches Prone back Prone; Dependent on gravity’s Strength: Dynamic strength tests All: simple; Ability to provide the overload
and extensions Isotonic; action on upper body or (eg, 1 rep max) using external Low cost; necessary to stimulate lumbar
Roman on bench; Closed chain for upper or  lower body; hand-held weights. Some isolation of lumbar spine; extension strength gains is unclear;
chairs fixed-angle lower body, but not Alter device angle Endurance: Dynamic and VARC: Able to accommodate No safe or standardized protocols to
Roman Chair; both. (VARCO); isometric (eg, Sorensen test). loads in ranges necessary for assess strength;
VARC Alter hand position, hip patients; Unable to accommodate loads required
rotation, lumbar posture; Gradual progression of load; for patients without assistance from
Hand-held weights. Roman chairs: trunk exercise therapist (prone back extension on
possible in more than one plane; bench).
More natural movement pattern for
lumbar musculature (compared
with seated machines);
Short learning curve for patients
and administrators because of
simplicity.
Free Barbells and Standing; Dependent on gravity’s Strength: Dynamic strength tests Simple; Potentially unsafe;
weights plates: eg, Isotonic; action on upper body (eg, 1 rep max) using external Relatively low cost; Awkward movements for patients;
Stiff-legged dead Closed-chain or lower body; hand-held weights; Gradual progression of load Unable to accommodate loads
lifts; Good exercise for Increase load with metal Endurance: dynamic. necessary for patients;
mornings. lower body. barbells and plates. Unable to standardize load (given the

contribution of upper body mass);
No isolation;
Not frequently used for clinical
patients.
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Unlikely to provide overload stimulus

Simple;

Strength: n/a;

Dependent on gravity’s

Prone;

Floor and  Floor back

for strength gains;
Restricted ROM;

Low cost.

Endurance: dynamic

action on upper or lower

body.
Increase reps.

Isotonic or

extension

stability
balls

or isometric.

isometric;
Closed-chain

exercise (eg,
“cobra”);

Movement from neutral to extension

only (prone floor exercises);

Very few, if any, levels of

exercise for upper and/

or lower body.

Stability ball

back

progression within a small range

of loads;
Loads related to progression are

extension
exercise.

unknown or not standardized;
Labile surface of balls decreases safety.

Variable-angle Roman chair.

progressive resistance exercise; VARC

ROM = range of motion; PRE
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during dynamic lumbar extension exercise in the seated po-
sition [21]. Prone back extensions on Roman chairs and
benches improve specificity and isolation of the lumbar
extensors during dynamic exercise by aligning the pelvis
appropriately on the device, internally rotating the hips,
and accentuating lumbar lordosis [22]. Trunk extension is
a compound movement of the hip, pelvis, and lumbar spine
through the action of the lumbar extensors and hip exten-
sors (gluteals and hamstrings) [15]. The relative contribu-
tion of individual muscle groups to force production
during compound trunk extension is unknown, but it is as-
sumed that the larger gluteal and hamstring muscles gener-
ate the majority of the force [23]. Therefore, it has been
suggested that to enhance specificity and optimally activate
the lumbar extensors during dynamic resistance exercise,
torque production from the gluteals and hamstrings must
be eliminated [15].

Reversibility

With all resistance exercise training programs, much of
the physiological gains in muscular strength, endurance,
and hypertrophy are ultimately lost unless exercise is con-
tinued [7]. Thus, it is recommended that lumbar extension
PREs should be carried out beyond the initial supervised
physical rehabilitation period. Once strength gains are
achieved, it is possible to maintain physiological gains with
areduced training frequency as low as once per month [24].

Frequency

The optimal frequency for the treatment of CLBP varies
by individual depending on their physical condition, time
point in the rehabilitation process, and therapeutic goals of
the intervention. Generally, frequencies of 1 to 3 sessions/
wk are recommended for most resistance training programs
[20]. Given the deconditioned state of the lumbar muscles
in individuals with CLBP [25,26], frequencies at the low
end of this range may be adequate as a starting point. Studies
have reported improved lumbar extensor strength, pain inten-
sity, and psychosocial outcomes in patients with CLBP who
trained once per week, whereas 2 sessions/wk produced sim-
ilar outcomes as 3 sessions/wk [27,28].

Intensity

High-intensity, short-duration (high resistance, low rep-
etitions) exercises are generally prescribed to strengthen
muscles, whereas low-intensity, long-duration (low-resis-
tance, high-repetition) exercises are used to improve mus-
cular endurance [7]. Depending on the therapeutic goals,
6 to 25 repetitions per set of exercise at intensities of
30% to 85% of the one repetition maximum intensity can
be used for lumbar strengthening programs. In a randomized
controlled trial (RCT) by Helmhout et al. [29], no differ-
ences were noted in clinical outcomes for CLBP after high
and low intensity lumbar extensor strength training.
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Fig. 1. Lumbar extension machine (MedX Corp, Ocala, FL).

Repetitions

Each repetition of a particular exercise should be per-
formed in a slow, controlled fashion (2 s for the concentric/
shortening phase and 4 s for the eccentric/lengthening phase)
throughout the full pain-free ROM in the sagittal plane [30].
It is important to limit lumbosacral flexion, particularly for
patients recovering from spinal surgery [1]. Training

frequency should be reduced for intense exercise sessions,
because additional recovery time is needed [7].

Volume

Although the optimal volume of lumbar extensor exer-
cise for CLBP volume of exercise is unknown, one to three
sets of exercise are typically recommended per treatment
session [20]. For asymptomatic individuals, lumbar exten-
sor strength gains achieved by one set of exercise have been
shown to be equal to those achieved by three sets after an
exercise training program on dynamometers [30]. Hyper-
trophy and more efficient myoelectric activity of the lumbar
extensors have been documented after single set exercise in
CLBP. In contrast, an RCT demonstrated that increasing the
volume of prone back extension exercises on benches im-
proved clinical outcomes for the treatment of CLBP [31].

Duration

To achieve physiological changes in skeletal muscle (eg,
hypertrophy), a minimum of 10 to 12 weeks of resistance
exercise is needed [7]. Functional gains in the earlier stages
of a resistance training program are primarily the result of
neurological adaptations, whereas those in the later stages
are the result of physiological change [7]. However, com-
pliance with a therapeutic exercise program for the average
patient with CLBP decreases over time.

Mode

Mode defines the type of exercise and equipment used
[7]. Muscular contractions are either isometric or dynamic.
Isometric implies that the muscle contracts without chang-
ing length or joint angle, whereas dynamic implies that the
muscle shortens (concentric phase) or lengthens (eccentric

Fig. 2. Variable-angle Roman chair (BackStrong International, Brea, CA).
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Fig. 3. Prone back extension exercise on bench.

phase) resulting in joint movement. The three categories of
dynamic exercise are [7] 1) isotonic—muscle contraction
against fixed resistance (constant tension); 2) variable resis-
tance—muscle contraction against variable resistance to
mimic strength curve of target muscle (variable tension);
and 3) isokinetic—muscle contraction at fixed speed
(constant speed).

Lumbar extension dynamometer

The lumbar dynamometer allows for dynamic exercise
through a 72° ROM arc in the sagittal plane [15]. On the dy-
namometer, an adjustable weight stack provides resistance

from 9 to 364 kg in 0.5 kg increments, and variable resistance
is accomplished by a cam with a flexion:extension ratio of
1.4:1. After securing the pelvic restraint mechanisms, the pa-
tient begins exercise in the most flexed position that is pain
free and is instructed to perform dynamic exercise by extend-
ing their backs to a position near terminal extension in
a smooth, controlled manner, taking 2 seconds for the con-
centric movement (lifting the weight) and 4 seconds for the
eccentric movement (lowering the weight). The therapist ver-
bally encourages the patient to perform as many repetitions
as possible, and visual feedback of performance is possible
through a monitor that graphically displays exercise load
and position. When the patient completes 20 or more

Fig. 4. Stability ball back extension exercise.
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Fig. 5. Stiff-legged deadlifts.

repetitions, resistance is increased in 5% increments though
pin loaded metal plates on the device at the next training
session [1].

Variable-angle Roman chair

The VARC is similar to fixed-angle Roman chairs, ex-
cept that the VARCs angle setting can be adjusted from
75° (nearly vertical) to 0° (horizontal) in 15° increments
[19]. Gradual progressive resistance is achieved by altering
the VARCs angle setting and the subject’s hand position
[18]. Internally, rotating the hips and accentuating lumbar
intersegmental extension during lumbar extension exercise
on the VARC further optimize lumbar muscle activity [18].
The patient begins the training program at a low resistance
level with a VARC angle setting of 60° and hands posi-
tioned on the sternum. After positioning the patient on the
device (ranging from nearly vertical to prone), the patient
starts each repetition of dynamic exercise in the extended
position and lowers their trunk in a smooth, controlled fash-
ion, completing the eccentric phase at terminal, pain-free
flexion in 4 seconds. Next, the patient raises their torso
during the concentric phase of exercise in 2 seconds, and
is verbally encouraged to perform as many repetitions as
possible. When the patient completes 20 to 25 or more rep-
etitions, resistance is increased by altering the VARC angle
setting or hand position at the next training session [32].

Practitioner, setting, and availability

Because this type of exercise is used to treat CLBP, it
must be prescribed and monitored by licensed clinicians
such as physicians, chiropractors, or physical therapists.
The actual treatment, however, can be carried out under
the supervision of an athletic trainer, exercise physiologist,
or personal trainers who report periodically to the prescrib-
ing clinician. Lumbar strengthening exercise protocols
could also be self-administered at fitness facilities without
a health provider, though this is not recommended. Various
training and certification courses are offered for lumbar
strengthening exercise protocols. Despite the lack of regu-
lation, any person delivering exercise therapy should be
well versed in the basic principles and practice of exercise
testing and prescription for the general population and the
particular condition being treated. The typical settings for
lumbar strengthening programs are outpatient treatment
centers, health and fitness facilities, and athletic training
centers under the supervision of trained personnel. There
are several commercially available home exercise devices
that appear to be suitable for unsupervised lumbar strength-
ening exercise outside of health-care settings. Home exer-
cise may be more appropriate during latter stages of
rehabilitation after a formal, supervised exercise program
has been completed in a medical facility. This treatment
is readily available throughout the United States.

Reimbursement

No specific current procedural code (CPT) codes exist
for lumbar extensor strengthening exercise. A general
CPT code for therapeutic exercise is frequently used for
this treatment: 97110—Therapeutic procedure, one or more
areas, each 15 minutes; therapeutic exercises to develop
strength and endurance, ROM, and flexibility. Another code
can be used to assess lumbar muscle strength and endur-
ance at baseline, during treatment, and at the conclusion
of treatment: 97750—Physical performance test or mea-
surement (eg, musculoskeletal, functional capacity) with
written report, each 15 minutes.

The typical cost for 97110 is $35-40 per unit, whereas
the typical cost for 97750 is $110-120 per unit. Given
the need to maintain lumbar muscle strength and endurance
gains, and continue improvement beyond the initial super-
vised physical rehabilitation, gym fitness programs are fre-
quently carried out. The cost for postrehabilitation gym
programs that include intensive lumbar strengthening exer-
cises range from $50 to $200 per month depending on the
level of supervision provided.

Each third-party payer (eg, Medicare, workers’ compen-
sation, private insurance) has its own requirements regard-
ing coverage for therapeutic exercise and exercise testing
procedures provided during the initial physical rehabilita-
tion period. Generally, these services are covered to some
degree for a predefined period of time or number of
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sessions. Third-party reimbursement for gym-based mainte-
nance programs is highly variable.

Regulatory status

The more sophisticated lumbar strengthening exercise
machines (eg, lumbar dynamometer, isokinetic machines,
VARG :s) are defined as Class I or II medical devices with
classifications such as 980.5370 (nonmeasuring exercise
equipment) or 890.1925 (isokinetic testing and evaluation
system). There is no regulatory oversight from the FDA
for the lumbar strengthening exercises performed on
benches, floors, or stability balls.

Theory
Mechanism of action

The mechanism of action of isolated lumbar extensor
strengthening exercise programs is likely related to the
physiological effects of conditioning the lumbar muscles
through progressive tissue loading or enhancing the meta-
bolic exchange of the lumbar discs through repetitive
movement [1,33]. Strengthening exercise may also have
psychological mechanisms such as improving kinesiopho-
bia and locus of control [27,29].

Progressive tissue loading of the lumbar musculature

The lumbar extensor muscles have been considered the
“weak link” in lower trunk function [23]. In CLBP, the
lumbar extensors are weak, highly fatigable, atrophied, dis-
play abnormal activation patterns, and exhibit excessive
fatty infiltration and histopathological changes [26,34—
36]. Thus, it is reasonable to focus on conditioning these
muscles through PREs during the treatment of CLBP to im-
prove the physiological and structural integrity. Through
appropriate resistance training programs, reversal of these
muscular dysfunctions and structural abnormalities has
been documented in patients with CLBP [27,37].

As previously mentioned, isolation and progressive
overload of the lumbar extensors are necessary to achieve
the optimal therapeutic benefit from this exercise interven-
tion. Lumbar extensor PREs on machine and prone back
extensions on benches and Roman chairs likely provide suf-
ficient isolation and overload stimulus to improve lumbar
muscular strength or endurance [19,23,31]. Whether or
not appropriate isolation and overload occur from low load
floor exercise (eg, lumbar stabilization) or stability ball ex-
ercise are unknown. In a recent study by Sung [38], no
change in the fatigue status of the lumbar multifidus was
noted after a 4-week supervised stabilization exercise pro-
gram. In an RCT by Danneels et al. [39], the effect of three
different exercise training modalities on the cross-sectional
area of the lumbar extensor muscles of patients with CLBP
was assessed. Stabilization exercise training alone resulted

in no change in lumbar muscle cross-sectional area. When
this training was combined with dynamic and isometric in-
tensive resistance training, an increase in cross-sectional
area of the musculature was noted.

Disc metabolism may also be enhanced through repeti-
tive, full ROM exercise. Modern science supports the con-
cepts and properties of exercise, given that absence of
physical activity reduces a healthy metabolism. In regard
to spinal pain disorders, the association between biochem-
ical abnormalities in the lumbar discs and CLBP has been
documented [40]. Thus, it is possible that repetitive, dy-
namic, isolated lumbar extensor throughout a full ROM
could improve metabolic exchange in the lumbar discs
and aid in repair [1].

Diagnostic testing required

Other than a thorough medical history and physical ex-
amination to rule out the possibility of serious pathology re-
lated to CLBP (eg, red flags), diagnostic testing is not
required to implement lumbar strengthening exercise pro-
grams and there are no studies assessing how diagnostic
testing impacts the efficacy of this intervention. Neverthe-
less, several diagnostic tests are used clinically to apply
the proper and safe dose of exercise, monitor progress
throughout treatment, and document that the target muscles
are being appropriately activated. These include standard-
ized tests for isometric lumbar extension strength [27] and
endurance (eg, Biering-Sorenson test) [41], and assessment
of lumbar muscle activity through real-time ultrasound [42]
and surface electromyography [38]. More technologically
advanced options to assess lumbar muscle cross-sectional
area, fatty infiltration, and activation patterns include mag-
netic resonance imaging [26,43] and computed tomography
scanning [44]; these are typically reserved for research
settings.

Indications and contraindications

Lumbar extensor strengthening exercises are typically
indicated for adults with nonspecific CLBP of mechanical
origin [1]. Although these exercises are likely most appro-
priate for those with suspected or demonstrated deficiencies
in muscle strength, endurance, or coordination, lumbar
strengthening exercises have been shown to be beneficial
for individuals with CLBP with wide ranges of muscular
capacities at treatment onset [45,46].

Contraindications to lumbar strengthening exercises are
those relevant to any resistance exercise training programs
as recommended by the American College of Sport Medicine
[47] and include 1) unstable angina, 2) uncontrolled hyper-
tension (systolic blood pressure =160 mm Hg and/or dia-
stolic blood pressure =100 mm Hg), 3) uncontrolled
dysrhythmias, 4) recent history of untreated congestive heart
failure, 5) severe stenotic or regurgitant valvular disease, 6)
hypertrophic cardiomyopathy, 7) poor left ventricular
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function, and 8) angina or ischemia at low lumbosacral work-
loads (<5-6 METsS). Other contraindications include acute
fracture, possible infection (eg, osteomyelitis), dislocation,
and tumor/metastases in the lumbosacral region.

Osteoporosis is frequently listed as an exclusion in
RCTs under the assumption that overload because of resis-
tance exercise in patients with bony matrix below normal
physiologic levels (eg, osteoporosis/osteomalacia) could re-
sult in fractures. However, a cohort study reported that
gradually loaded lumbar strength training on machines is
safe and improves functional capacity in older adults with
CLBP [63]. Controlled studies have also demonstrated that
similar training programs significantly improve lumbar ver-
tebral body bone density after heart and lung transplanta-
tion [48,49]. With a gradual, controlled, and measured
increase in resistance using isolated lumbar extensor
strengthening exercises, osteoporosis is not likely a contra-
indication, and could in fact possibly be improved with this
form of therapy.

In our opinion, the ideal CLBP patient for this interven-
tion is one who is in good general health (physically and
psychologically) and willing to take responsibility for his
or her own self-care in the form of an active exercise pro-
gram. As is typical of any strenuous exercise activity, lum-
bar extensor strengthening exercise may be associated with
some short-term discomfort. Thus, the recognition of long-
term benefit by the patient and subsequent compliance to
the program, despite the possibility of short-term discom-
fort, optimizes chances for positive outcomes.

Evidence of efficacy
Review methods

A systematic review of the literature was undertaken
searching MEDLINE, EMBASE, and the Cochrane Library
using search strategies developed by the Cochrane Back
Review Group, along with additional index and text words
(exercise/, physical fitness/, medx.mp, dbc.mp, cybex.mp,
backstrong.mp, roman chair.mp, and nautilus.mp).

Only studies that fulfilled the following criteria were in-
cluded: 1) RCTs; 2) adult patients with CLBP =12-week
duration; 3) incorporated lumbar extensor strengthening ex-
ercises according to our earlier definition; 4) exercise was
supervised in clinical facility (ie, not home exercise pro-
gram); 5) prescription of exercise was clearly defined and
reproducible, including frequency, intensity, volume, dura-
tion, mode, and progression; 6) if interventions were used
in combination, the effects of lumbar strengthening exer-
cise could be partitioned from other interventions; 7) clin-
ical outcome data were available (eg, pain, function,
disability); and 8) between-subject data analysis was
conducted.

Two of the authors (JM and VM) rated the articles iden-
tified from the initial search. A total of 11 RCTs related to

lumbar extensor strengthening exercise for CLBP were un-
covered. These RCTs are discussed below and summarized
in Table 2.

Systematic reviews

Our search uncovered several systematic reviews per-
taining to exercise therapy for CLBP [3,50,51]. Many of
these reviews were broad in scope and included all forms
of exercise (eg, stretching, stabilization, McKenzie, aero-
bic). Although some of these reviews included studies as-
sessing lumbar strengthening exercise, their conclusions
addressed exercise in general and were of limited value
to assess the evidence regarding lumbar strengthening exer-
cises. Reviews that made specific conclusions about lumbar
strengthening exercise were also of limited value for the
following reasons: 1) did not define the inclusion criteria
for lumbar strengthening exercise; 2) included RCTs that
incorporated exercises (eg, stabilization exercise) that did
not fit our criteria for lumbar strengthening exercise; 3) in-
cluded RCTs that did not clearly define the specific mode
of exercise; or 4) included RCTs that combined subacute
and chronic cases.

Randomized controlled trials

In an RCT by Manniche et al. [31], 105 individuals with
CLBP were randomly assigned to high (n=35) or low
(n=35) intensity exercise, or control (n=35). Exercise
groups consisted of isotonic prone back extension exercises
on a bench and latissimus pull down exercise (plate-loaded
cable machine); the high-intensity group performed five
times as many sets as the low intensity group. The control
group performed light floor exercises. Co-interventions for
all groups consisted of thermotherapy and massage. Treat-
ment was administered 2 to 3 x/wk for 10 weeks. Outcomes
were assessed using the Low Back Pain Rating Scale
(LBPRS) composite score for pain, disability, and physical
impairment. At 3 and 6 months, the high-intensity exercise
group demonstrated significantly greater improvements in
LBPRS compared with the low intensity exercise and con-
trol groups.

In another RCT by Manniche et al. [52], 62 individuals
with CLBP after surgery for lumbar disc protrusion were
randomly assigned to receive intensive dynamic back ex-
tensor exercise with (n=31) or without (n=31) hyperexten-
sion. Back extensor exercises were similar to those used by
the high-intensity group in the previous study [31]. The hy-
perextension group performed dynamic exercise to terminal
lumbar extension, whereas the other group stopped at the
neutral lumbar position. Co-interventions for both groups
were hot packs and abdominal crunches. Treatment was ad-
ministered 2x/wk for 3 months. Outcomes were assessed
with the LBPRS composite score. At 3 and 15 months,
there was no difference between the groups. At 6 months,
the group that exercised without hyperextension displayed
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a significantly greater improvement in LBPRS than the
hyperextension group.

In an RCT by Risch et al. [27], 54 individuals with CLBP
were randomized to receive lumbar extensor strengthening
exercise (n=31) or control (n=23). The lumbar strengthen-
ing group performed isolated lumbar extensor PREs on
a variable resistance dynamometer machine 1 to 2x/wk
for 10 weeks. The control group was wait listed and received
no intervention. Outcomes included pain intensity, psycho-
social function, and lumbar extensor strength. At 10 weeks,
the lumbar strengthening exercise group displayed signifi-
cantly greater improvements in pain intensity, lumbar exten-
sor strength, and psychosocial function on one of several
scales.

Inan RCT by Timm [53], 250 individuals with CLBP after
one-level L5 laminectomy were randomly assigned to lum-
bar strengthening exercise (n=50), lumbar stabilization
and extension ROM exercise (n=50), spinal manipulation
(n=50), passive modalities including hot packs, TENS, and
ultrasound (n=50), or no treatment control (n=50). The lum-
bar strengthening exercise group performed lumbar extensor
PREs on isokinetic and isotonic machines. Co-interventions
for the strengthening exercise group included lumbar flexion
and rotation, latissimus dorsi PREs on machines, and bike ex-
ercise. Treatments were administered 3 x/wk for 8 weeks.
Outcomes included self-reported disability, lumbar ROM,
and isokinetic lift strength. At 8 weeks, improvements in
disability, lumbar flexion, and lift strength for the lumbar
extensor exercise and stabilization exercise groups were
significantly greater than the spinal manipulation, passive
modalities, and control groups. Improvements in lumbar ex-
tension for the lumbar extensor exercise, stabilization exer-
cise, and spinal manipulation groups were significantly
greater than passive modalities and control.

In an RCT by Johannsen et al. [54], 40 individuals with
CLBP were randomly assigned to receive lumbar strength-
ening exercise (n=20) or control (n=20). The lumbar
strengthening exercise group performed prone back
extension exercises as described by Manniche et al. [31].
Co-interventions included abdominal crunch exercises.
The control group performed group exercises emphasizing
balance and stability for the low back, shoulder, and hip.
Co-interventions for both groups included flexibility and
bike exercise. Treatments were administered 2 x/wk for 3
months. Outcomes included pain intensity, self-reported
disability, lumbar strength, and ROM. At 3 and 6 months,
there were no significant differences between the groups
for any of the outcomes.

In an RCT by Kankaanpaa et al. [55], 54 individuals with
CLBP were randomly assigned to lumbar strengthening ex-
ercise (n=30) or control (n=24). The lumbar strengthening
exercise group performed isolated lumbar extensor PREs on
machines 2x/wk for 12 weeks. Co-interventions for this
group included lumbar flexion, lateral flexion, and rotation
PREs on machines, flexibility and relaxation exercises, be-
havioral support, ergonomic advice, and home back

exercises. The control group received no intervention for 9
weeks and massage and thermotherapy for 3 weeks. Out-
comes included pain intensity, self-reported disability, and
back muscle fatigability. At 3 and 12 months, improvements
in each outcome were significantly greater for the lumbar
strengthening group than control.

In an RCT by Danneels et al. [39], 59 individuals with
CLBP were randomly assigned to dynamic lumbar strength-
ening exercises with (n=20) and without (n=20) isometric
contractions combined with lumbar stabilization exercise
or lumbar stabilization exercise alone (n=19). The lumbar
strengthening exercise groups performed prone back exten-
sion exercises as described by Manniche et al. [31] with or
without alternating isometric contractions at terminal exten-
sion. Interventions were administered for 10 weeks at an un-
specified frequency. At 10 weeks, lumbar extensor muscle
cross-sectional area significantly increased for both lumbar
strengthening groups, but not the stabilization group. No dif-
ference in lumbar muscle hypertrophy was noted between the
strengthening groups.

In an RCT by Mannion et al. [56,57], 148 individuals
with CLBP were randomly assigned to lumbar strengthen-
ing exercise along with co-interventions (n=49), physio-
therapy (n=49), or aerobic exercise (n=50). The lumbar
strengthening exercise group performed isolated lumbar ex-
tensor strengthening PREs as described by Kankaanpaa
et al. [55], along with co-interventions consisting of lumbar
flexion, lateral flexion, and rotation PREs on machines, as
well as bicycle, flexibility, and relaxation exercises. The
physiotherapy group performed individual physiotherapy
to improve functional capacity using unspecified strength-
ening, coordination, and aerobic exercise, along with ergo-
nomic instruction and home exercise. The aerobic exercise
group performed low impact aerobic classes. Interventions
were administered 2 x/wk for 3 months. Outcomes included
pain intensity, self-reported disability, fear avoidance, psy-
chological disturbance lumbar strength, and lumbar exten-
sor muscle endurance and fatigability. At 3 months, there
was no difference in pain intensity, disability, fear avoid-
ance, lumbar extension strength, endurance, and fatigability
among the groups. Improvements in lumbar flexion, lateral
bend, and rotation strength were significantly greater for
the lumbar strengthening group than the physiotherapy
and aerobic groups. Improvements in psychological distur-
bance were significantly greater for the lumbar strengthen-
ing and aerobic groups compared with the physiotherapy
group. At 12 months, there was no difference in pain inten-
sity, fear avoidance, or psychological disturbance among
the groups. Improvements in disability were significantly
greater for the lumbar strengthening and aerobic groups
compared with physiotherapy.

In an RCT by Rittweger et al. [58], 60 individuals with
CLBP were randomly assigned to lumbar strengthening ex-
ercise (n=20) or vibration therapy (n=20). The lumbar
strengthening exercise group performed isolated lumbar ex-
tensor PREs on a variable resistance lumbar dynamometer



Table 2

Summaries of RCTs on lumbar extensor strengthening exercise for chronic low back pain

Number of Follow-

Reference Inclusion/exclusion criteria participants Interventions Outcomes up Results Comments

[31] Inc: LBP for 64 mo or 3+ Enrolled— 1.LES-High: Isotonic prone Pain intensity, disability, and 3mo  LBRS: LES-High 14.7, LES- Intention to treat analysis
episodes of acute LBP with ~ LES-High: back extension on bench—leg  physical Impairment Low 5.7, CON 2.0. LES- performed including those
6 mo; age 20-70y; n=35 lift and trunk lift; latissimus (LBPRS). High>LES-Low, CON who dropped out because of
Radiological examination of ~LES-Low: pull down (plate-loaded cable (p<.01). LES-Low>CON side effects related to back
lumbar spine within 2 y. n=35 machine) (up to 10 rep/set, up (p<.05). pain aggravation—no

Exc: clinical signs of lumbar CON: n=35 to 10 set, 2-3x/wk, 3 mo, 6 mo LBRS: LES-High 15.0, LES- difference from analysis of
nerve root compression; 3 mo— PRE—increase rep and load). Low 7.0, CON 5.5, LES- evaluable data set.
spondylolysis; pain hip DJD; LES-High: 2.LES-Low: Same exercises as High>LES-Low, CON
halisteresis of the spine; joint ~ n=29 LES-High, but 1/5 of the (p<.01). LES-Low vs. CON
inflammatory disorder; LES-Low: exercise dose/session. (ns).
somatic or psychopathologic n=30 3.CON: Month 1 —Mild floor
disorder; inability to CON: n=31 trunk exercises—isometric
cooperate. 6 mo—unclear  prone back extension,

isometric trunk curl, dynamic
trunk curl (1 set, 10 rep/set,
2x/wk, 8 wk); Months
2-3—no intervention.

All groups: hot packs; general
flexibility exercises.

[52] Inc: surgery for lumbar disc Enrolled— 1.LES: Isotonic prone back Pain intensity, disability, and 3mo  LBRS: LES 10, LES-EXT 7 Intention to treat analysis
protrusion; age 18-74y; LES: n=31 extension on bench (legliftand ~ physical impairment (ns). performed including those
patient global assessment of ~LES-EXT: trunk lift—performed to 0- (LBPRS). 6mo  LBRS: LES 8, LES-EXT 1 who dropped out because of
good, fair, or unchanged. n=31 degree lumbar extension); (p=.05). side effects related to back

Exc: evidence of lumbar nerve 3 mo— latissimus pull down (plate- 15mo LBRS: LES 3, LES-EXT pain aggravation—no
root compression; LES: n=21 loaded cable machine) 0 (p=.08). difference from analysis of
spondylolysis; malignant LES-EXT: (up to 10 rep/set, up to 10 set, evaluable data set. High drop
disease; joint inflammatory n=26 2x/wk, 3 mo, PRE—increase out.
disease; somatic or psychiatric 6 mo— rep and load); abdominal
disease. LES: n=21 crunch (50 rep/set, 1 set).

LES-EXT: 2.LES-EXT: Same as LES,
n=25 except prone back extensions
15 mo—not performed to greatest possible
reported. lumbar extension position.
Both groups: Hot packs.

[27] Inc: LBP for 14 y.Exc: not Enrolled— 1.LES: isolated lumbar Pain intensity (WHYMPI pain), 10 wk Pain: LES 0.5, CON —0.4
reported. LES: n=31 extension machine, seated, physical function (SIP (p<.002).

CON: n=23 isotonic (8—12 rep/set, 1 set, physical), psychosocial Physical Function: LES 1.4,
10 wk—not 1-2x/wk, 10 wk, function (SIP psychosocial, CON —4.1 (p<.03).
reported PRE—increase load). MHI stress/well-being, Psychosocial function:

2.CON: no treatment—waiting
list.

WHYMPI positive/negative
support), lumbar extension
strength.

SIP-LES 2.0, CON —4.0
(p<.03).

MHI (well-being)-LES 0.9,
CON 1.3 (ns).

MHI (stress)-LES 0.2, CON
—1.4 (ns).
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[53]

[54]

Inc: LBP 6+ mo; manufacturing
employee of auto industry;
1-level LS laminectomy
surgery 1+ y before study.

Exc: lower extremity pain below
knee related to possible
lumbar nerve root
involvement.

Inc: 14+ y LBP; LBP for >3 mo
in the last year; age 18-65y;
employed.

Exc: nerve root compression;
spondylolisthesis;
osteoporosis; lower extremity
osteoarthritis; inflammatory
joint disease; neoplastic
disorders.

Enrolled—
LES: n=50
STAB: n=50
SMT: n=50
PAS: n=50
CON: n=50
8 wk—

LES: n=50
STAB: n=50
SMT: n=50
PAS: n=50
CON: n=50

Enrolled—
LES: n=20
CON: n=20
3 mo—
LES: n=13
CON: n=14
6 mo—not
reported.

1.LES: lumbar extension, and
lumbar flexion, lateral flexion,
and rotation machines,
isotonic and isokinetic, seated
and standing; latissimus pull
down (10 rep/set, 1 set, 3x/
wk, 8 wk, PRE—increase
load); bike (10 min).

2.STAB: lumbar stabilization
and McKenzie-type extension
exercises (10 rep/set, 2-3 set,
3x/wk, 8 wk); and home
exercise daily with same
movements.

3.SMT: spinal manipulation
—high amplitude, low
velocity manipulation to
lumbar spine (3x/wk, 8 wk).

4.PAS: passive therapies
including hot packs, TENS,
ultrasound (3 x/wk, 8 wk).

5.CON: no treatment.

1. LES: Isotonic prone back
extension on bench (leg lift
and trunk lift—performed to
0-degree lumbar extension);
latissimus pull down
(plate-loaded cable machine);
abdominal crunch (up to 10
rep/set, up to 10 set, 2x/wk,
3 mo, PRE—increase rep or
load); bike (10 min);
flexibility exercise (10 min).

2.CON: group exercises
emphasizing coordination,
balance, and stability for the
low back, shoulder, and hip
(up to 40 reps/set, 1 set);
warm-up including jogging
(10 min); flexibility exercise
(10 min).

Disability (ODI), lumbar ROM, 8 wk
isokinetic lift strength.

Pain intensity (LBPRS), 3 mo
disability (LBPRS); lumbar 6 mo

ROM (derived mobility
score), lumbar strength (flex,
ext).

WHYMPI (positive)-LES 0.2
CON —0.4 (ns).

WHYMPI (negative)-LES 0.0,
CON —0.4 (ns).

Strength: LES 26.8%, CON
3.2% (p<.02).

Disability: LES 18, STAB 21,
SMT 4, PAS 0.0, CON 0.0.

LES, STAB>SMT, PAS CON
(p<.05); LES vs. STAB (ns).

ROM ext: LES 2.5, STAB 3.1,
SMT 3.1, PAS 0.0, CON 0.0.
LES, STAB, SMT>PAS,
CON (p<.05). LES vs. STAB
vs. SMT (ns).

ROM flex: LES 2.8, STAB 2.5,
SMT 0.0, PAS 0.0, CON 0.0.
LES, STAB>SMT, PAS CON
(p<.05); LES vs. STAB (ns).

Strength: LES 349, STAB 276,
SMT —4, PAS 4, CON 2.
LES, STAB>SMT, PAS CON
(p<.05); LES vs. STAB (ns).

Pain: LES 3, CON 1 (ns).

Disability: LES 4, CON 2 (ns).

ROM: LES 17, CON 3 (ns).

Ext strength: LES 12, CON 1
(ns).

Flex strength: LES 1, CON 3
(ns).

Pain: LES 2, CON 2 (ns).

Disability: LES 5, CON 3 (ns).

ROM: LES 15, CON 6 (ns).

Ext strength: LES 17, CON 7
(ns).

Flex strength: LES 2, CON 3
(ns).

Underpowered considering
outcomes used. High drop out.
No intention to treat analysis.

(continued)
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Table 2 (continued)

Number of Follow-

Reference Inclusion/exclusion criteria participants Interventions Outcomes up Results Comments

[55] Inc: nonspecific LBP>3 mo; Enrolled— 1.LES: isolated lumbar Pain intensity (VAS), disability 3 mo  Pain: LES 18.9, CON 3.2
moderate functional disability LES: n=30 extension, and lumbar flexion,  (PDI), back extension 12 mo (p=.03).
with only occasional absences CON: n=24 lateral flexion, and rotation fatigability (surface EMG Disability: LES 2.4, CON —1.4
from work. 3 mo— machines, isotonic, seated MPF decrease). (p=.04).

Exc: nerve root compression; LES: n=30 (rep/set—not reported, Fatigability: LES 7.6, CON 1.0
disc prolapse; radicular CON: n=24 set—not reported, (p=.002).
symptoms (radiating pain 12 mo— frequency—2x/wk, 12 wk, Pain: LES 31.3, CON 1.9
below knee, loss of sensation, LES: n=27 PRE—increase load); (p<.001).
muscle dysfunction, loss of =~ CON: n=22 flexibility and relaxation Disability: LES 7.5, CON —1.9
reflexes); severe scoliosis; exercises; behavioral support; (p=.004).
spondyloarthrosis; spinal ergonomic advice; home back Fatigability: LES 6.2, CON 2.0
surgery. exercises. (p=.09).
2.CON: Weeks 1-8—no

intervention; Weeks 9—

12—massage, thermal therapy

(1 session/wk).

[39] Inc: LBP>3 mo. Enrolled and  1.LES-DYN: Isotonic prone Lumbar extensor muscle 10 wk  CSA-upper L3: LES-DYN Clinical relevance of 2-5% CSA
Exc: lumbar surgery; 10 wk— back extension on bench—leg =~ CSA—upper L3, upper L4l 1.4%, LES-STATIC 3.2%, increase compared with

spondylolysis; LES-DYN: lift and trunk lift; leg lift floor  lower L4 levels. CON —0.5%. control is unclear.
spondylolisthesis; lumbar n=20 exercise (15-18 rep/set, CSA-upper L4: LES-DYN
scoliosis >10 degrees; LES-STATIC: volume—not reported; 2.2%, LES-STATIC 3.6%,
neuromuscular or joint n=20 frequency—not reported; CON 0.0%.
disease; systemic disease; CON: n=19 10 wk, maintain 70% of 1 rep CSA-lower L4: LES-DYN 1.6%,
carcinoma or organ disease; max; PRE—increase rep and LES-STATIC 3.7%, CON
participation in an exercise load); lumbar stabilization —1.0%.
training program for the floor exercises. All levels: LES-DYN, LES-
lumbar muscles in the 2.LES-STATIC: same as LES- STATIC>CON (p<.04); LES-
previous 3 mo. DYN, except alternate DYN vs. LES-STATIC (ns).

between isotonic and

isometric exercise.

3.CON: lumbar stabilization

floor exercises.

[56,57] Inc: LBP>3 mo with or Enrolled— 1.LES: isolated lumbar Pain intensity (VAS), disability 3 mo Pain: LES 1.1, PT 1.6, AER 0.7 Intention to treat analysis with
without referred or radicular LES: n=49 extension, and lumbar flexion, (RMDQ), fear avoidance 12 mo (ns). available data.
pain, which requires medical PT: n=49 lateral flexion, and rotation (FABQ); psychological Disability: LES 1.5, PT 1.3,
attention or work absence; AER: n=50 machines, isotonic, seated disturbance (combined MSPQ AER 1.3 (ns).
age <65y. 3 mo— (rep/set—not reported, and MZQ); lumbar strength Fear avoidance: LES 2.3, PT

Exc: Constant or persistent LES: n=41 set—not reported, (flex, ext, rot, lat bend); trunk 3.0, AER 1.7 (ns).
severe pain; pregnancy; spinal PT: n=46 frequency—2x/wk, 3 mo, extensor muscle endurance, Psychological disturbance: LES
surgery; lumbar nerve root AER: n=45 PRE—increase load); bike (5—  and fatigability (surface 3.5, PT 0.2, AER 1.2. LES,
entrapment with neurological 12 mo— 10 min); flexibility and EMG). AER>PT (p=.03). LES vs.
deficit; spinal cord LES: n=38 relaxation exercises. AER (ns).
compression; tumor; severe PT: n=43 2.PT: individual physiotherapy Strength: Ext—ns among

spinal deformity or instability; AER: n=42
severe osteoporosis; spinal

to improve functional capacity
using unspecified

groups. Flex, Rot, Lat
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[58]

[29]

inflammatory disease or
infection; severe
cardiovascular or metabolic
disease; acute infection.

Inc: continuous LBP for 6+ mo
or intermittent LBP for 2+ vy,
age 40-60y.

Exc: specific underlying disease,
tumor, spinal fracture, disc
herniation, inflammatory
disease, cardiovascular and
orthopedic contraindications
to resistance of vibration
exercise.

Inc: male; employee of the
Royal Netherlands Army;
124+ wk of continuous or
recurrent LBP.

Exc: spinal surgery; severe LBP
that inhibited performance of
peak strength tests; herniated
disc; ankylosing spondylitis;
spondylolysthesis; or relevant
neurological diseases.

Enrolled—

LES: n=30
CON: n=30
12 wk—

LES: n=25
CON: n=25
9 mo—

LES: n=25
CON: n=25

Enrolled—

LES-HIGH:
n=41

LES-LOW:
n=40

3 mo—

LES-HIGH:
n=39

LES-LOW:
n=36

9 mo—

LES-HIGH:
n=33

LES-LOW:
n=29

strengthening, coordination,
and aerobic exercise (30 min);
ergonomic instruction; home
exercise.

3.AER: group low impact
aerobic classes—aerobics,
flexibility exercise, trunk and
leg muscle exercise;
relaxation exercise (60 min).

1.LES: isolated lumbar
extension machine, seated
isotonic (1 set—up to 11 rep,
12 wk, 1-2x/wk,
PRE—increase load);
resistance exercise for the
abdominal and thigh muscles.

2.CON: Whole-body vibration
exercise (1-2x/wk).

1.LES-HIGH (High-intensity
training): isolated lumbar
extension machine, seated,
isotonic (10-20 rep/set, 1 set,
1-2x/wk, 12 wk, start at 35%
peak strength, PRE—increase
load).

2.LES-LOW (Low intensity
training): isolated lumbar
extension machine, seated,
isotonic (10-20 rep/set, 1 set,
1-2x/wk, 12 wk, start at 20%
peak strength, PRE—none).

Pain intensity (VAS), disability 12 wk
(PDI), psychosocial (ADS), 9 mo
lumbar extension strength,
lumbar ROM.

Pain intensity (Self-assessment 3 mo

improvement of painful back 9 mo
complaint), disability

(RMDQ, ODI), kinesiophobia
(TSK), HRQOL (SF-36),

lumbar extension strength.

bend—LES>PT, AER
(p<.03).

Endurance: ns among groups.

Fatigability: ns among groups.

Pain: LES 1.3, PT 1.6, AER 0.9
(ns).

Disability: LES 2.5, PT 0.6,
AER 1.4. LES, AER>PT
(p=.03). LES vs. AER (ns).

Fear avoidance: LES 3.8, PT
3.3, AER 2.8 (ns).

Psychological disturbance: LES
1.3, PT —0.6, AER —0.5 (ns).

Strength, endurance,
fatigability—not tested.

Pain: LES 3.3, CON 2.8 (ns).

Disability: LES 9.8, CON 9.1
(ns).

Psychosocial: LES 4.3, CON 2.5
(ns).

Strength: LES 33%, CON 18.8%
(p<.05).

ROM: ns.

Disability: LES 8.3, CON 5.9
(ns).

Psychosocial: LES 4.2, CON
—0.5 (ns).

Pain, strength, ROM—not
reported.

Pain: LES-HIGH 39%, LES-
LOW 28% (ns).

Disability-RMDQ: LES-HIGH
2.9, LES-LOW 2.4 (ns).

Disability-ODI: LES-HIGH 3.1,
LES-LOW 3.4 (ns).

Kinesiophobia: LES-HIGH 2.0,
LES-LOW 2.9 (ns).

HRQOL: LES-HIGH 4.2, LES-
LOW 6.4 (ns).

Strength: LES-HIGH 32, LES-
LOW 14 (p<.0l).

Pain: LES-HIGH 63%, LES-
LOW 50% (ns).

Disability-RMDQ: LES-HIGH
3.9, LES-LOW 4.7 (ns).

Disability-ODI: LES-HIGH 4.9,
LES-LOW 5.8 (ns).

No intention to treat analysis.

No intention to treat analysis,
but comparison of baseline
characteristics of completed
and dropped. Males only.

(continued)
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Table 2 (continued)

Number of Follow-
Reference Inclusion/exclusion criteria participants  Interventions Outcomes up Results Comments

Kinesiophobia: LES-HIGH 2.1,
LES-LOW 6.1 (p=.03).

HRQOL: LES-HIGH 6.8, LES-
LOW 11.8 (ns).

Strength: LES-HIGH 37, LES-
LOW 14 (p<.01).

[59] Inc: failed unspecified Enrolled— 1.LES: isolated lumbar Pain intensity (VAS), disability 12wk Pain: LES 5.8, CON 3.8 No intention to treat analysis.
conservative care followed by LES: n=40 extension machine, isotonic, (ODI), RTW, lumbar ly (p<.05).
first time lumbar discectomy CON: n=40 seated (rep—not reported, 1 extension strength, lumbar Disability: LES 24.8, CON 30.6
for 1-level disc herniation. 12wk and 1y  set, frequency—not reported, extensor muscle CSA. (ns).
Exc: systemic disease; — 12 wk, PRE—increase load); RTW: LES 87%, CON 24%
cardiovascular or orthopedic LES: n=35 aerobic exercise; limb- (p<.05).
contraindications to exercise. CON: n=40 strengthening exercise. Strength: LES 52%, CON 18%
2.CON: home-based lumbar (p<.01).
conditioning exercise. CSA: LES 29%, CON 7%
(p<.05).

Pain: LES 6.8, CON 6.8 (ns).
Disability, RTW, strength, CSA:
not reported.

ADS=Allgemeine Depression Scale; CSA=cross-sectional area; FABQ=Fear Avoidance Belief Questionnaire; HRQOL=health-related quality of life; LES=lumbar extensor strengthening exercise;
LBPRS=Low Back Pain Rating Scale; MHI=Mental Health Inventory; MSPQ=Modified Somatic Perception Questionnaire; MZQ=Modified Zung Questionnaire; NS=not significant; ODI=Oswestry Dis-
ability Index; PDI=Pain Disability Index; PRE=Progressive Resistance Exercise; RMDQ=Roland Morris Disability Questionnaire; RTW=Return to Work; SIP=Sickness Impact Profile; TSK=Tampa Scale
for Kinesiophobia; VAS=Visual Analog Scale; WHYMPI=West Haven Yale Multidimensional Pain Inventory. LES-EXT=Ilumbar extension exercise with hyperextension; STAB=Ilumbar stabilization
exercise; SMT=spinal manipulative therapy; PAS=passive therapies; CON=control; EMG MPF=celectromyographic mean power frequency; LES-DYN=Ilumbar extension exercise-dynamic;
LES-STATIC=Ilumbar extension exercise-static; SF-36=Short-Form 36.

Results: Change (improvement) scores from treatment initiation, unless otherwise noted.

Follow-up: Time from onset of intervention.
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machine as described by Risch et al. [27], along with co-in-
terventions of resistance exercise for the abdominal and
thigh muscles. Interventions were administered 1 to 2x/
wk for 12 weeks. Outcomes included pain intensity, self-
reported disability, psychosocial function, lumbar extension
strengthen, and ROM. At 12 weeks, there were no differ-
ences in improvement in pain intensity, disability, psycho-
social function, and ROM between the groups. Lumbar
extensor strength improvement for the lumbar strengthen-
ing group was significantly greater than the vibration ther-
apy group. At 12 months, there were no differences in
disability and psychosocial function; pain, strength, and
ROM outcomes were not reported for this time point.

In an RCT by Helmbhout et al. [29], 81 individuals with
CLBP were randomly assigned to high (n=41) or low
(n=40) intensity lumbar strengthening exercise. Both groups
performed isolated lumbar extensor strengthening exercises
on machines 1 to 2x/wk for 12 weeks. The high-intensity
group performed PREs by increasing exercise load, whereas
the low intensity group performed the same low load (20%
peak strength from baseline measurement) throughout the
entire exercise program. Outcomes included pain intensity,
disability, kinesiophobia, quality of life, and lumbar strength.
At 3 and 9 months, lumbar strength improvements were sig-
nificantly greater for the high-intensity group than the low in-
tensity group. There were no differences between the groups
in pain intensity, disability, kinesiophobia, and quality of life.
At 9 months, improvements in kinesiophobia were signifi-
cantly greater for the low intensity group than the high-
intensity group, whereas there was no difference between
the groups at 3 months.

In an RCT by Choi et al. [59], 80 individuals with CLBP
after lumbar discectomy surgery were randomly assigned to
lumbar extensor strengthening exercise (n=40) or home ex-
ercise (n=40). The lumbar extensor strengthening group
performed isolated lumbar extensor PREs on a variable
resistance lumbar dynamometer machine as described by
Risch et al. [27], along with co-interventions of aerobic
and limb-strengthening exercise for 12 weeks at an unspec-
ified frequency. Outcomes included pain intensity, self-
reported disability, return to work, lumbar extensor
strength, and lumbar muscle cross-sectional area. At 12
weeks, improvements in pain intensity, return to work, lum-
bar extensor strength, and cross-sectional area were signif-
icantly greater for the lumbar strengthening group than the
home exercise group; there was no difference in disability
between the groups. At 12 months, there was no difference
between the groups in pain intensity; self-reported disabil-
ity, return to work, lumbar extensor strength, and cross-
sectional area were not reported for this time point.

Ongoing studies

Prospective studies are currently underway to assess the
optimal mode of lumbar strengthening exercise. Some of
these studies are evaluating the myoelectric activity of the

lumbar extensor muscles during exercise on newly developed
lower-tech and home exercise machines. An ongoing RCT is
designed to assess the efficacy of a muscle-specific strength-
ening exercise program using the VARC compared with an
educational program after lumbar microdiscectomy [60].

Harms

Performance of intensive lumbar extensor strengthening
exercise may result in delayed onset muscle soreness
(DOMS) of the lumbar muscles [61]. DOMS occurs as
a consequence of unfamiliar strenuous physical activity, es-
pecially during the first few days or weeks of performance.
Typically, symptoms of lumbar DOMS include mild in-
crease in pain and stiffness, which peaks at approximately
24 to 72 hours after initial exercise sessions and rapidly at-
tenuates [62]. This is a normal response to vigorous exer-
cise and is not associated with any long-term adverse
effects when exercise is appropriately administered under
supervision. Temporary side effects were reported in 3 of
the 11 RCTs that we reviewed, including increased LBP
[31,52,54] and dizziness [52].

Every physical activity is associated with some risk of
rare adverse events. Intensive lumbar extensor strengthen-
ing exercise performed under load is associated with a small
risk of musculoskeletal injury, including lumbar disc herni-
ation and fracture. Individuals with cardiovascular disease
may also be at risk of an untoward cardiovascular event
during strenuous exercise.

Noncompliance is probably the most significant predic-
tor of negative outcomes for lumbar strengthening exercise
interventions. This treatment requires active patient partic-
ipation for many exercise sessions, lasting from several
weeks to a few months. Thus, motivation and willingness
to participate for an extended period of time are necessary
to gain the physiologic benefit of improved function by way
of an active exercise program. Predictors of negative out-
come for other conservative therapies for CLBP (eg, yellow
flags) likely apply to this intervention also.

Summary

Lumbar extensor strengthening exercise describes a sys-
tem of supervised physical exercises designed to provide iso-
lated and gradual PREs for the lumbar musculature. Several
types of lumbar extensor strengthening devices and protocols
exist including high-tech machines and lower-tech prone
back extensions on benches and Roman chairs. The theoret-
ical mechanism of action of this intervention is that it en-
hances the structural integrity of the lumbar spine through
progressive loading and improves the metabolic exchange
of the lumbar discs through repetitive motion.

The current evidence suggests that in the short-term,
lumbar extensor strengthening exercise administered alone
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or with co-interventions is more effective than no treatment
and most passive modalities in improving pain, disability,
and other patient-reported outcomes in CLBP. There is no
clear benefit of lumbar extensor strengthening exercises
compared with other exercise programs. In the long-term,
some of the relative benefits in pain and disability of
lumbar extensor strengthening exercise versus other inter-
ventions are lost. The effect of exercise intensity during
lumbar extension strengthening programs is unclear. Hy-
perextension during dynamic lumbar strengthening exercise
does not appear to offer additional benefit compared with
extension movements to a neutral lumbar posture.

Lumbar extensor strengthening exercise administered
with co-interventions also appears more effective than sta-
bilization exercise and home exercise in improving lumbar
paraspinal muscle cross-sectional area. Lumbar extensor
strengthening exercise administered alone or with co-inter-
ventions is more effective than no treatment and passive
modalities in improving lumbar muscle strength and endur-
ance. There is no clear benefit of lumbar extensor strength-
ening exercises compared with other exercise programs in
improving muscular strength and endurance. High-intensity
lumbar strengthening exercise appears to be superior to low
intensity in improving muscular strength and endurance.

To improve the strength and endurance of the isolated
lumbar extensor muscles in CLBP through safe, gradually
loaded, and measurable PREs, lumbar dynamometer ma-
chines appear to be the best option. Roman chairs and
benches are viable alternatives, whereas floor, stability ball,
and free weight exercises are not recommended. The rela-
tive efficacy of the various exercise subtypes for the treat-
ment of CLBP, however, has not been assessed in RCTs.

Higher-quality RCTs with larger sample sizes, well-de-
fined patient groups, and long-term outcomes are needed
to assess the efficacy of lumbar extensor strengthening ex-
ercise for CLBP versus other interventions of particular in-
terest are RCTs comparing different exercise programs,
administered alone or with co-interventions. Future re-
search is needed to develop and test classification systems
to distinguish responders from nonresponders regarding
lumbar extensor strengthening exercise for CLBP. The op-
timal dose of strengthening exercise needs to be clarified,
including exercise intensity, frequency, volume, and dura-
tion. Similarly, the optimal mode needs to be established
(eg, costly machines vs. low-cost options), and supervised
versus unsupervised exercise programs. Future studies on
the mechanisms of action of lumbar strengthening exercise
would be useful to determine if tissue loading, repetitive
movement, psychological factors, or a combination of these
is responsible for the intervention’s beneficial effects.
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