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Abstract

Keywords:

EDITORS” PREFACE: The management of chronic low back pain (CLBP) has proven very chal-
lenging in North America, as evidenced by its mounting sociceconomic burden. Choosing among
available nonsurgical therapies can be overwhelmiag 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
The Spine Jouraal, titled Evidence-Informed Management of Chronic Low Back Pain Without Sur-
gery, Articles in this special focns issue were contributed by leading spine practitioners and re-
searchers, who were invited to summarize the best available evidence for a particular
intervention and encouraged 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 facilitate comparison across the 24 different interventions profiled in this special fo-
cus issue, blending narrative and systematic review methodology as deemed appropriate by the au-
thors. 1t 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 Elsev-
ier Inc. Al righits reserved.

Chronic low back pain; Eumbar stabilization exercise; LSE

Description
Terminology

Therapeutic exercise for individuals with low back pain
(LBP) has evolved over time. Recently, there has been a
focus on exercises that aim to maintain stability in the lum-
bar spine [1]. This type of exercise approach has been
termed lumbar stabilization, core stabilization, or segmen-
tal stabilization. Although no formal definition of lumbar
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stabilization exercises (L.SEs) exists, this approach is aimed
at improving the newromuscular control, strength, and en-
durance of muscles central to maintaining dynamic spinal
and trunk stability. Several groups of muscles are targeted,
particularly the transversus abdominis (TrA), lumbar multi-
fidi, and other paraspinal, abdominal, diaphragmatic, and
pelvic musculature. Given the widespread clinical use of
LSE, it is necessary to critically assess the evidence of their
efficacy in patients with chronic low back pain (CLBP).

History

In the 1980s, Bergmark undertook a mechanical engi-
neering approach to the study of the lumbar spine [2]. He
wanted to assess the role of the trunk musculature in pro-
viding stabilization for the lumbar spine and the specific
forces applied to the spine by different muscles, hoping to
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understand the biomechanical “rationale” for the complex
anatomic features of the lumbar spine. Using a mechanical
modeling approach, he divided the musculature acting on
the lumbar spine into two groups: local and global. The
global musculature {eg, erector spinae, rectus abdominis)
was felt to transfer load between the thoracic spine and
pelvis. The local musculature consists of muscles that act
directly on the lumbar spine and are attached to the lumbar
vertebrae (eg, multifidi). Fonctionally, the global muscula-
ture was felt to balance the outer loads on the body, en-
abling the local system to maintain force control within
the lumbar spine and center postural activity at a range
within the load tolerance of the spinal structures.

Panjabi then proposed a basis for understanding spinal
stability, mjury, dysfunction, and recovery [3] asserting that
there are three nterdependent subsystems that function to
stabilize the spine: passive, active, and neural. The passive
musculoskeletal subsystem includes the vertebrae, interver-

tebral discs, ligaments, zygapophyseal joinis, - and. the..

-passive components of the associdted musculotendinons

structures. The active musculoskelétal subsyster comprises

¢ the mmsculotendinous units attached to, or mﬂuencmg, the.

“§pinal column [3]. The peutal subsystem inchides sensory-" o
receptors in the spinal structurés, their central cormecnons s

~and cortical and subcortlcal control, centers These three‘ o
' subsysterns are mterdependent and work together to mam—t )

-' _ lain spinal stability and mterver[ebral motion. For example

an, injury or breakdown. in:the passive. subsystem, such as . fuk
. of further clinical studies and other.publications and for what:.. : =

) .+ a fracture, disc hemiation, or disc degeneration, may de-
crease the inherent stability of the spinie and alter segmental
- moticn-patterns. Enhancement of the neural and active sub-

systems could then help -compensate -for this-loss -and-

partially restore stability.

A number of authors have assessed the role and activa-
tion patterns of the trunk musculature as they relate to the
concept of spinal stability. Cresswell et al. reported a series
of stmdies on intra-abdominal pressure and activation of
trank musculature [4-6]. Their studies indicated that in-
tra-abdominal pressure was increased during functional
tasks by muscles that did not create a significant flexion
moment of the lumbar spine, particularly the TrA and dia-
phragm, and activation of the TrA was correlated with
changes in intra-abdominal pressure. Further study indi-
cated that muscles of the abdominal wall were activated
before the erector spinae in a sitwation of expected ventral
loading of the uunk (inducing a flexion moment on the
trunk) and concurrent with the erector spinae in unexpected
ventral loading. This finding suggested that abdominal
musculature may play a role in enhancing spinal stability
during trunk motion or leading. Hodges and Richardson
[7] further pursued this line of research by studying the ac-
tivation pattern of the trunk musculature associated with an
alteration of spinal posture induced by movement of an up-
per limb. In individuals without LBP, the TrA was the first
muscle activated and contracted before limb movement, re-
gardless of the direction of motion, whereas other muscles

tended to have firing patterns that were distinct for the di-
rection of motion. This suggested that the TrA. provides sta-
bility for the lumbar spine in anticipation of perturbations
of posture. In individuals with LBP, however, the contrac-
tion of the TrA was significantly delayed and followed
direction-specific pattems, indicating a potential for de-
creased spinal stability and fundamental problems with
motor control. Similar findings were noted in later studies
on the effects of lower extremity motion in those with
and without LBP [8,9].

There have also been several studies on the Jumbar mul-
tifidi in individuals with LBP. In 1994, Hides et al. [10] re-
ported finding significant ipsilateral atrophy in the fambar
multifidi of individuals with unilateral LBP, whereas they
noted very little asymmetry in these muscles in a control
group of subjects without LBP. They subseguently fol-
lowed-up patients with acute, first-episode LBP for more
than 10 weeks and found that patients treated medically

.had limited recovery of multifidus muscle mass, whereas .-

patients. treated with a specific éxercise programehad more -
substantial recovery of multifidus muscle mass. over the

: same time frame [117. - TR Y anin o s

. On' the Basis of these donceptual model$ and:data from'; “

some of the above studies, Richardson and Full:described:i -+ . -
a speczﬁc éxercise program to train co-contraction:of the: -~ !
':deep trunk’ muscles particulatly the TrA and lumbar multi- SRS
fidi, to enhance spmal stability in md1v1d_uals with LBR[1]: « 2

This treatment program: has been the basis for a large nmumber. - .

1s .commonly used. in ‘core stability” programs- {124}

Other . authors, particularly McGill and: eellsagues, have:

addressed - additional aspects of stabilization «training to
eraphasize broader and more integrative appreaches and ef-
fects [20,25,26]. Small, early studies on the effects of these
exercise programs indicated that they may have substantial
benefit in the treatment of individuals with first-time acute
LBP or with specific structural abnormalities in the spine
[12,15]. In clinical practice, these programs are applied to
a wide range of patients with LBPF, although the popularity
of these treatment programs is difficult to quantify. The
number of recent studies conducted on this topic, along
with the publication of a recent systematic review of stabi-
lization exercises on LBP, suggests that these programs are
increasingly popular {25,27-30].

General description

The exercise program of Richardson and Jull [1] address-
ing the TrA and multifidi is described in detail in their text,
and formal training in this program is generally administered
by a physical therapist. The initial aim of this program is to
achieve isometric co-contraction of the local muscles of the
trunk, with activation of the TrA and multifidi being consid-
ered the “*basic functional unit of a movement skill’ [1]. Pa-
tients are instructed to draw in the lower abdominal wall
while simultaneously contracting the multifidi 1sometrically.
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A number of techniques were proposed to facilitate the learn-
ing of this particular motor skill, including visual correction,
specific verbal instructions, manual facilitation, and use of
a pressure biofeedback unit; specific postures are also advo-
cated to assist in motor learning. A strong emphasis is placed
on the accurate performance of the maneuvers, and the pa-
tients are progressed into fonctional positions while main-
taining muscle activation. Exercises can be advanced when
the patient is able to maintain 10 isometric “holds™ for 10
seconds without fatiguing. In their study using this training
protocol, O’Sullivan et al. [12] noted that it took for some
subjects 4 to 5 weeks of training just to obtain an accurate pat-
tern of isometric co-contraction of these muscles.

This program has been modified by other investigators,
and many have described progression through functional

programs that incorporate previously painful motion pat- .

terns. Additional metheds of facilitation, including the

use of ultrasound, educational pamphlets, and video dem- .
onstrations, ‘have also been.applied [22-24].Reflecting -
‘the: nonstandardized and. generally multifactorial-nature of.-: . -
many physical therapy treatments, stadieés have varied-in
theiruse of co-interventions: such as manual therapy tech-». -
niqués, genéral conditioning,.afid varying degreés ofiphys-:
Scttings also: varied. .
among ‘studies. that used either group'class_esmr;indi’s_fid\ié]_ =

. .ical- and cognitive-behavioral therapy.

treatment approaches. Although the program blechaIdson

 and Jull:is:the miost: widely:studied, core stabilization. may- :
.alse be available:through-exercise physielogists,” personal . :
- trainers, Pilates instruetors;. or .other health personnel with: ...

ari-interest:in: this:area:-

© o Tt ig-diffienltte. describe -a “typlcal” treatment course; < :
biit 6 to- 12 sessions of physical:therapy are relatively com-

men for a straightforward clinical scenaric. However, many
patients have a number of mitigating conditicns that may
affect the frequency and duration of care.

Practitioner, setting, and availability

Stabilization training is widely available in physical re-
habilitation settings in the United States and has been de-
scribed by authors from multiple countries around the
globe. Although the vast majority of patients with CLBP
are treated on an ouipatient basis, these skills can also be
taught by therapists in inpatient settings.

Reimbursement

Pertinent Current Procedural Terminology (CPT) codes
include 97001: physical therapy evaluation; 97002: Physi-
cal therapy reevaluation; 97112: neuromuscular reeduca-
tion 97530: therapeutic activities, direct (one-on-one),
each 15 minutes; or 97110: therapeutic procedure, one or
more areas, each 15 minutes, therapeutic exercises to de-
velop strength and endurance. Insurance coverage for this
type of treatment varies widely in the United States, with
patients receiving coverage for anywhere {from a few visits

per vear to an unlimited number of visits. Education in
training techniques is available through a variety of organi-
zations and medical societies offering postgraduate or con-
tinuing medical education, and formal training may be
variably present in the primary curriculum of schools of
physical therapy, among others.

Theory
Diagnostic testing required

Beyond evaluation to exclude the presence of “‘red
flags™ [31] that may indicate more serious pathology re-
lated to CLBP, there is no particular requirement for diag-
nostic imaging before initiating care with LSE.

Indications and contraindications

The 'use of -core- stabilization exercises -has been de-
scribed:in @ wide variety -of clinical scenarios; including -

- CLBP with or without specific anatornic conditions, such as
-spo’ndylolisthesis The only contraindications tor LSE-are« « -+ -
- spinal or medical ¢onditions that preclade exercise for the -
“trunk musculature such as acutely unstable- spine: injuries,
-rSlgmﬁcant acute neurologu: comproinise, ‘ot anmnstable . ! ¢
' medlcal presentatmn From a practical standpointiit:is. -
not partlcuIarly advantageous to consideril:SE during® the's 1.
acute phase of a significant structural injury. Isometric. ex= .
~ercise of the frunk’ musculature may be an:approprate:con= = = .-

- . sideration. once any acute condition has-been stabilized.: . ‘

+ Exercise training should not be -applied: to'patients with sigle -+ v 0 © o

nificant' medical conditions or one of a-variety of siructural*: |
lesions in the-spine that may be adversely affected by exer-
cise treatment.

By extrapolating from Panjabi’s modet of spinal instabil-
ity [3] and the work of many of the authors previously dis-
cussed, there may be a rationale for using LSE in almost
any patient with CLBP, including those with ongoing pain
and a clearly definable structural source or those without
correlative pathology identified on standard imaging.

A functional assessment of strength, flexibility, balance,
and agility deficits may allow a more precise prescription
for LSE training. This intervention may be most effectively
applied in a patient who presents with a reproducible, me-
chanical pattern of lumbopelvic pain that follows a specific
plane of movement or functional task. Often these patients
demonstrate altered activation patteins of stabilizing mus-
culature or poor endurance of core stabilizing musculature
with testing. With patients who have specific functional

" demands that are limited by CLBP, individualizing the pro-

gression of exercise through a task-specific approach de-
signed to meet those physical demands may be the most
effective application of core stabilization training.

More pragmatically, care of the patient with CLBP must
include a thorough understanding of that individual and
should follow the biopsychosocial model of chronic pain



"« clinical ‘trial; ranidomized controlled - trial; meta—analysm

© cles whose tefeferices Were then reviewed to identify any -
- additfonal «relevant rtieles. A numbér of reviews of goter -

" eviewad for anySlevant articles [25,27-30,32:33]./ Thice!
- additional -artieless
apphcable o tHisrevisws
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assessment and treatment. When treating individuals with
substantial physical, social, or psychological barriers to
functional recovery, LSE alone may not be sufficient to
maximize improvernent. In addressing overall function,
the use of LSE training may be beneficial for individuals
with CLBP, particularly in patients with clearly defined
anatomic barriers to functional performance and well-man-
aged social or psychological barriers to recovery. However,
when those latter barriers become paramount, a multimodal
behavioral modification approach to treatment takes prece-
dence over unimodal LSE.

Evidence of efficacy
Review methods

As noted previously, there have been a riumber of clini-
cal studies and reviews published on LSE. To determine

the evidence for the efficacy of this type of training in pas- '+
‘tients with CLBP; a systematic review of the literature was®
" undertaken. The MEDLINE and Gochrane détabases were’
‘searched for articles contaiting varfous combinations”o
the téims: LBP; exercise thérapy, stabilization: “multfié

segmental controk; | balince training; core strengthening;

ew. The ifiitial sesrch: idenfified 24 4r

and systematlc ¥

stabilization and thierapeiitic exercise it LBP weére:then'also -

rethen Idenuﬁed as bemg potentlally

These studies were then independently reviewed by two
of the authors (CJS and SMW). Articles were chosen for
inclusion in the study based on predetermined criteria that
were felt to allow for evaluation of the best evidence (Table
1). Three articles met these criteria [22-24]. Following the
guidelines for systematic reviews proposed by van Tulder
et al. [34], these articles were then independently graded
by the same two anthors for quality and clinical relevance
(Tables 2 and 3). The articles were graded as “high quality™

Table 1
Stody eligibility criteria

Inclusion criteria Exclusion criteria

1. Randomized controlled triad
with stabilization included
in the intervention group
and no specific stabilization
in the coatrol group.

2. Chronic low back pain, defined
as at least 3 mo or {2 wk,

3. English language.

4. Outcomes to include pain,
disability, quality of life,
satisfaction, and/or
functional measures.

5. Follow-up of $ mo minimum.

1. Duplicate reports.

2. Abstract only.

3. Combined reatments where
effect of stabilization exercise
cannot be determined.

4. No clinical outcome data.

jRandomzzed conrrolled mals

‘ stabmzatlon exercises (stabilization group) 1o convenuonal :

117

Table 2
Criteria for methodological quality assessment

1. Was the method of randomization adequate?

2. Was the treatment allocation concealed?

3. Were the groups similar at baseline regarding the most important
prognostic indicators?

‘Was the patient blinded to the intervention?

‘Was the care provider blinded to the intervention?

Was the outcome assessor blinded to the intervention?

Were co-interventions avoeided or similar?

‘Was the compliance acceptable in alt groups?

. ‘Was the dropout rate described and acceptable in all groups?

. Was the timing of the outcome assessment in all groups similar?

. Did the apalysis include an intention-to-treat analysis?

(from van Tuolder et al, {341,

e Y

——

if they were felt to meet 50% or more of the applicable cri-
teria for methodological quality and “low quality” if they
met less than 50% of those same criteria. Consensus on all
pertinerit issues was readily reached by the two reviewers

“after independent ratings were made. Brief summaries of
“the findings of these three articles are provided below. * -

A multlcenter study m, the Umted ngdom compai:ed;

surgery, _or I;adlcuk)pathy/compressmn with progresswe__f,, .

neurologic deficit were excluded. Baseline d_emogxaphlcs
and characteristics were comparable, although two partici-
pants in the PT group were noted to have psychological dis-
tress, a protocol violation. Of the 97 patients who weie
randomized (47 stabilization group, 50 PT group), 70% in
each group successfully completed the study. The stabiliza-
tion group received structured endurance training of the
deep abdominal and back extensors and functional progres-
sion from sitting to standing exercises. The PT group re-
ceived active exercises, and minimal use of passive
modalities. Both groups had a maximum of 12 weekly
treatment sessions by a physical therapist, and could re-
ceive manval therapy (67% in stabilization group; 76% in

Table 3
Criteria for evaluation of clinical relevance

Criteria for evaluation of clinical relevance

1. Are the patients described in <etail so that you can decide whether they
are comparable to those you see in your clinical practice?
2. Are the interventions and treatment settings described well encugh so
that you can provide the same for your patients?
. Were all the chinically relevant ontcomes measuvred and reported?
. Is the size of the effect clinically important?
. Are the likely benefits of treatment worth the potential harms?

{from van Tulder et al. [34]).

Lo
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PT group), modalities (traction and electrical stimulation to
a small number), education, and advice. Analysis was by
intention to treat and the primary outcome was the RMD(Q);
secondary outcomes included the visual analog scale, Os-
westry Disability Index, Short Form McGill Pain Question-
naire, Short Form-36, and Distress and Risk Assessment
Method questionnaire. Although both groups had clinically
meaningful improvements in function, pain, and quality of
life over baseline, there were no significant differences be-
tween groups [35,36]. Authors concluded that specific sta-
bilization exercises do not provide additional benefit to
patients with recurrent LBP in regard to pain or function
when compared with conventional physical therapy treat-
ment as described. This was a high quality and clinically
relevant study.

A study compared specific spinal stabilization exercises,

manual therapy, and minimal care for patients 18 to 65 with .

CLBP (>>12 wk) at two sites in the United Kingdom [23].
Randomization. was- stratified based on age, gender, and-de-

gree of pain. referral-to the.leg to determine if patients with: -
greater leg pain (more distal referval) were less. likely to-im-; -
prove. Patients witk *“chronic pain syndrome” (o deserip- .
. ton provided), Grade III or IV spondylolisthesis, -spigal:- .-
" stenosis,. fracture, progressive objective: neurologlcal deficit, L
. specific:medical conditions; or-“anxiety neurosis,” were.ex-.
clisded.- The ‘spinal, stabilization group received: 10, weekly:
" group exercise sessionsiof 1-hour’ emphasizing neural and- .-
aetive (motor) control pathways-and designed to address se- - .
“lective retfaifting ‘'of theTrA; muliifidns, pelvic floor, and . -
dlaphragmam muscles ‘(anthors referenced Panjabi [3] -
~and: Richatdson: ét. al.[44]): The- manual therapy group: .
“geceived a maximum 6F 10:reatinents from a physical ther- -+

apist; no exercises could be prescribed for the TrA, multi-
fidus, diaphragm, or pelvic floor muscles, nor was
electrophysical therapy allowed. The minimal care group
received the “Back in Action” patient education booklet
from a physical therapist, which had previously proven in-
effective in patients with CLBP. All participants also at-
tended a 3-hour back school, which included advice and
discussion of back exercises. Analysis was per protocol
and the study had a high loss to follow-up. Of the 302
who started the study, 213 (70%) completed the treatment;
the highest dropout rate was in the minimal care group, for
which the last available data were carried forward. Out-
comes included pain (back, leg, pain diagram, back pain
in last 2 days), disability (Oswestry Disability Index), qual-
ity of life (Nottingham Health Profile), and medication use
(specific drugs or classes not identified) and were collected
at baseline; 3, 6, 12, and 24 months. Although improve-
ments were noted from baseline within groups, there were
no significant differences between groups. The authors con-
cluded that spinal stabilization exercise was more effective
than manual therapy or minimal care. Others have ques-
tioned the validity of this study, citing its high dropout rate
and statistical shortcomings [37,38]. This was a low-quality
study based on a number of factors incloding a high

dropout rate, lack of an intention-to-treat analysis, and a fo-
cus on statistical assessment of within group results rather
than comparative results between the treatment groups.
The clinical relevance is also somewhat unclear because
of some issues with patient demographics and reporting
of outcomes.

A multicenter randomized controfled trial from Austral-
ia compared general exercise, motor control (stabilization)
exercise, and spinal manipulative therapy (SMT) in Patients
18 to 80 with CLBP (including disc lestons, osteoarthritis,
and leg pain) greater than 3 months [24]. Patients with neo-
rological signs, prior back sirgery, or spinal pathology,
such as malignancy or inflammatory spine disease, were
exciuded. Baseline demographics were similar between
groups. The general exercise group received an assessment
by a physical therapist, supervised group training in stretch-
ing and strengthening major muscle groups, acrobic fitness,
and encouragement to progress at their own pace. The mo-

tor control. group received training in exercises designed to

“mprove:the: function. of specific trunk muscles felt to-con- -~ - -
- trol intersegmental mofion (TrA, multifidus, the diapbragm,

- pelvic floor) after the- program described by Richardson - -
.-et-al.’ [14], with' progression tailored -tothe individual <+

patients. ‘The SMT"group received joint mobilization and - - «

=man1pulat10n as determined by the physical -thersapist: Both- -

exercise - groups réceived cognitive-behavioral -therapy

. training fromi-the therapists. and: encouragement to petform-

home:-exercises: All ‘groups received - up to 12:reatments in' > . ¢

8 weeks:and were restricted fiom receiving other formsof f -«

i treatment for those 8 wecké..' Analysis was by-intention to , . ¢ ¢ -
freat. Of -the 240" patients 'who -started #het: study, 223 - . o

(93%) were reporied on at’'8 -weeks and: 211 .(88%).at 6 -
and 12 months; dropout rates were similar in each group.
QOutcomes included the Patient-Specific Functional Scale,
global perceived effect, pain (visual analog scale), and
the RMDQ. The meotor control and SMT groups had mar-
ginally better outcomes than the general exercise group at
8 weeks, but all groups had similar outcomes at 6 and 12
months and there was no significant difference between
the three groups for any outcome measure. The authors
concluded that motor control exercises (stabilization) and
SMT result in slightly better short-term function and per-
ception of effect than general exercise for patients with
CLBP, but not better medium or long-term results. This
was a high-quality study and clinically relevant.

Harms

There are no serious harmful outcomes from the applica-
tion of L.SE in the studies reviewed for this text, which all
excluded patients felt to be unfit for physical therapy treat-
ment of the type described (eg, fracture, Grade IIT or IV
spondylolisthesis, malignancy, inflammatory arthropathies,
pregnancy, significant neurological loss, medical conditions
that made them unsuitable for participation in exercise
training and prior spine surgery [22-24]).
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Summary

Over the past 15 years, LSE has beconie an important con-
ceptual and clinical consideration in the management of pa-
tients with CLBP. Review of the available evidence suggests
that LSE is effective at improving pain and function in a het-
erogeneous group of patients with CLBP. Using evidence-
based criteria, there is moderate evidence that LSEs are effec-
tive at improving pain and function in a heterogeneous group
of patients with CLBP, and stvong evidence that this treat-
ment is no more effective than a less specific, general exercise
program. There is moderate evidence that LSEs are no more
effective than manual therapy in this same population [34]. It
should be noted that only three studies were deemed eligible
for this review and only two of those were of high quality. Al-
though there seems to he a relatively sound theoretical and
experimental basis for considering this type of exercise train-
ing, more information is needed on the types of patients for

which it may be best suited the optimal setting for delivering

care and training, the most effective exercises, and the op
mal dose, duration, frequency, and progression.

One of the tmportant issues to consider in assessmg the:
: hterature 011 thlS 1o 'c is that of the patlent group under"

) stantlal treatment effect on a spec1ﬁc portton o the studyitk: _4
' populatlon is bemg washed out” by mixing multiple pa-

tient types into all of the treatment groups. This idea has
certainly been postulated in prior studies on patients with
CLBP and may well apply to the study of LSE. Given
our limited ability to accurately and reproducibly arrive at
a clear anatomic diagnosis or clinical categorization for
the majority of patients with CLBP, there is no way to cur-
rently define the most appropriate treatment group for the
application of LSE training. The very distinctly derived
model of spinal instability and pain described earlier in this
text might lead to the assumption that this model applies
more accurately in a finite group of patients.

Until forther data are available, LSE training may be
considered a useful tool in the management of patients with
CLPBP, and clinicians will have to consider the individual
characteristics of a given patient’s clinical scenario to arrive
at the most effective strategy for treatment.

As all of the above studies excluded patients with prior
spinal surgery, the effects of stabilization training on this
population are largely unknown, and this might also be an 1m-
portant area to explore in future studies, particularly given the
model of instability used in the derivation of L.SEs.

Future studies should evalvate the potential benefits of
core training exercises that are more closely matched to the

. 'cludmg the three- descrlbed above use a. mlxed groep of_ 7
' ‘subJects w1th nonspee1ﬁc CLBP w1th or w1th0ut radtcular o

recreational and occupational demands of the rehabilitating
individual, so-called multiplanar, functional core training.
Although stabilization training has historically focused on
the activation patterns of the TrA and lumbar multifidi,
the physical demands on most patients will require a higher
degree of coordinated muscle activation and control than
would be obtainable through only isolated training of these
muscles [26].
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