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ABSTRACT
Chronic low back pain (LBP) has reached epidemic proportions as it is one of
the most prevalent and expensive health care problems in the United States.
A large number of conservative care interventions are available for this
syndrome; however, the efficacy of these treatments has not been
demonstrated through vigorous scientific investigation. Clinicians need both
valid measures and effective interventions in order to efficiently manage this
population. The purpose of this dissertation was to evaluate the quality of
present reviews of specific stabilization exercises for chronic LBP, estimate
the strength of the relationship between common abdominal muscle
performance tests and surface electromyography activity and hip resultant
joint moments (RJM), determine if these tests can detect change following
core stabilization exercise training, and describe the treatment effectiveness
of a specific stabilization program versus a generalized stabilization program
for persons with LBP due to instability. Study 1 was a systematic review of
systematic reviews of specific spinal stabilization exercises. In Study 2,
surface EMG activity of the upper and lower rectus abdominis, internal
oblique, and external oblique muscles was obtained, while anterior superior
iliac spine movement was simultaneously detected via motion analysis. Study
3 and 4 evaluated abdominal muscle performance in healthy participants and
participants with low back pain respectively, in which double limb lowering
test (DLLT) and lower abdominal muscle progression (LAMP) grades were
determined by monitoring movement with a motion analysis system.
Additionally, the Modified Oswestry Index and Visual Analog Scale were
administered in Study 4. Both the DLLT and LAMP may be suitable for the
examination of abdominal muscle performance as they have moderate to
good correlations with abdominal muscle surface electromyography and hip
RJM. The DLLT and LAMP do not correlate well with one another suggesting
that they might measure different aspects of abdominal muscle performance.
The LAMP is more responsive than the DLLT in detecting change following
general stabilization training in healthy adults. Stabilization exercises, both
iii

specific and general, are effective in decreasing pain and disability in persons
with chronic LBP, especially those with instability. These findings provide the
foundation for future validation of these measures and development of
interventions for persons with LBP.
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Chapter 1
Introduction

1

BACKGROUND
Chronic low back pain (LBP) has reached epidemic proportions as it is
one of the most prevalent and expensive health care problems in the United
States.1 It has been estimated that up to 80 percent of the population will
experience LBP within their lifetime.2 Spine dysfunction is the most frequent
cause of activity limitation for persons under the age of 45 years,3 while the most
common cause of disability in the working population is chronic LBP.4 A large
number of conservative care interventions are available for this syndrome,
including medications, education, exercise, manual therapy, and modalities (hot
packs, electrical stimulation, ultrasound, etc.).5 However, the efficacy of these
treatments has not been demonstrated through vigorous scientific investigation. 5
Inadequate abdominal muscle performance, including strength and motor
control deficits, is frequently identified as an impairment that may lead to activity
limitations and participation restriction in persons with LBP.6-15 The abdominal
musculature consists of the rectus abdominis (RA), internal oblique (IO), external
oblique (EO), and transversus abdominis (TA) muscles, which are each active
during spinal flexion, rotation, and abdominal compression.16 The anterior and
posterior trunk musculature provide the necessary control for stability of the
lumbar spine during limb movement.16,

17

The abdominal muscles provide the

support and stability that is necessary for independent function, sport
performance, and overall spine health.18-21
Although there is no general consensus regarding the most effective
intervention for LBP, it has been suggested that exercise, specifically lumbar

2

stabilization, may be effective in reducing the impairments, activity limitations,
and participation restriction associated with chronic LBP.22, 23 Segmental lumbar
stabilization exercises are based on theories proposed by Panjabi and
Bergmark.24,

25

Panjabi24 hypothesized that the spinal stabilizing system is

comprised of active, passive, and neural subsystems (Figure 1.1). The active
subsystem consists of the muscles that surround and support the spinal column,
while the passive subsystem consists of non-contractile tissue (i.e., intervertebral
disc, ligaments, etc.) and the central nervous system comprises the neural
subsystem. Dysfunction in any one of these subsystems may result in successful
compensation, adaptation, or injury to spine tissues.24

Control
Subsystem
(Neural)

Passive
Subsystem

Active
Subsystem

(Spinal
Column)

(Spinal
Muscles)

Figure 1.1 Spinal Stabilizing System as described by Panjabi24 including the
Active, Control, and Passive Subsystems

Bergmark25 proposed that spinal stability is maintained by two main
muscle subsystems, a local and global subsystem. The local stabilizing system is
3

composed of those muscles that attach directly to the lumbar vertebrae. For
example, the multifidus, posterior fibers of the IO, TA, and quadratus lumborum,
form portions of the local subsystem. These muscles provide the stiffness
necessary for stabilization of the lumbar vertebrae and aid in controlling lumbar
spinal postures. The global subsystem includes the primary movers of the spine,
such as the RA, EO, and the iliocostalis lumborum. These muscles are torque
generators and participate in spinal movements; however, there is no direct
attachment to the lumbar vertebrae.25 Segmental lumbar stabilization (or core
stabilization exercise) often stresses the importance of the local subsystem.
These exercise programs include specific exercises aimed at muscles such as
the TA, IO, and multifidus.
Transversus abdominis and multifidus muscle dysfunction has been
implicated in LBP,26,

27

however, there continues to be concern regarding the

effectiveness of lumbar stabilization for people with chronic LBP. Recent
systematic reviews and meta-analyses have evaluated the effectiveness of
lumbar stabilization.28-31 These reviews have concluded that specific stabilization
exercise is superior to minimal intervention (defined by the authors as either
general practitioner care or no care) for pain and disability, however it is no more
effective than manual therapy or other forms of exercise in persons with chronic
nonspecific LBP.
In order to accurately assess abdominal muscle performance, clinicians
need an objective measure that is both valid and reliable. Current muscle tests
available for the assessment of trunk stability include the double leg lowering test
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(DLLT) and the lower abdominal muscle progression (LAMP) as described by
Kendall and Sahrmann, respectively.16,

17

The validity of these tests has been

questioned.32-34
It has been suggested that clinicians should make decisions regarding
patient care based on classification systems.35 Criteria are available to indicate
which patients will benefit from spinal stabilization exercises. 36 The benefit of
different types of stabilization exercise programs has not been demonstrated.36
Richardson et al.37-40 have described a program consisting of exercises designed
to promote co-contraction of the deep stabilizing muscles of the trunk (multifidus,
TA, and IO). Clients are instructed in developing control of the TA during a
maneuver labeled “abdominal hollowing.” Once supine and prone abdominal
hollowing is mastered, exercise position and difficulty are progressed in both
open and closed chain positions. McGill et al.41-45 have developed a program
consisting of exercises designed to include strengthening of the larger global
stabilizing musculature of the spine (the erector spinae, EO, IO, and RA). This
progression emphasizes the instruction of abdominal bracing, in which the
subject stiffens the core musculature rather than the “drawing in” that occurs
during the abdominal hollow.45 The program starts with a flexion-extension cycle
followed by abdominal curls, side bridges, and quadruped leg extensions.
LBP is a significant problem that may be managed through conservative
care that is both effective and efficient. Stabilization exercise programs have the
potential to be more effective as they are scrutinized, developed, and applied to
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more appropriate subgroups of the LBP population. Accomplishing this task will
help address this mounting epidemic.

PURPOSE
Both specific37 and generalized45 lumbar stabilization exercise programs
have been shown to be effective in reducing disability due to LBP. However, the
effectiveness of these programs has not been demonstrated in persons with LBP
due to instability. The purpose of this dissertation is to validate measures of
abdominal muscle performance and describe the effects of specific stabilization
exercises used for the management of persons with chronic LBP. This purpose
will be achieved by focusing on four studies.

SPECIFIC AIMS
1. Evaluate the quality of systematic reviews on specific stabilizing exercises
versus control groups or other interventions for chronic low back pain
(Chapter 2).
2. Estimate the strength of the relation between: (Chapter 3)
a. Surface electromyography (EMG) activity of the RA, IO, and EO
muscles and subject DLLT grading system levels.
b. Surface EMG activity of the RA, IO, and EO muscles and subject
LAMP grading system levels.
c. Hip resultant joint moments and assigned subject DLLT grading
system levels.

6

d. Hip resultant joint moments and assigned subject LAMP grading
system levels.
e. The DLLT and LAMP grading systems.
3. Determine if the DLLT and LAMP can detect a change in abdominal
muscle performance following spinal stabilization training (Chapter 4).
4. Describe the effects of specific stabilizing exercises versus general
stabilization exercises for persons with chronic low back pain due to
instability, including the responsiveness of abdominal muscle performance
tests in this population (Chapter 5).

CLINICAL IMPLICATIONS
As the prevalence of chronic LBP is rising, clinicians need interventions
that will address the activity limitations, participation restriction, and ultimately,
the overall quality of life in this population. In order to identify appropriate
interventions, such as stabilization exercises, researchers must describe and
study homogenous groups to determine the most effective and efficient
interventions for specific LBP populations. Therefore, the study of nonspecific
chronic LBP may no longer be clinically useful. In addition, the need for clinically
relevant and valid measurement tools is paramount. Measurement of abdominal
muscle performance may be able to assist in the management of chronic LBP by
quantifying meaningful changes following interventions. In order to address the
epidemic of chronic LBP, the focus of this dissertation is on the following issues:
the effectiveness of stabilization exercises for chronic LBP, the validity of

7

abdominal muscle performance testing, and the effectiveness of specific versus
general stabilization exercises for persons with LBP due to instability.

DISSERTATION STRUCTURE
Chapters 2 through 5 are independent but related manuscripts. Chapter 2
contains a review of systematic reviews on specific spinal stabilization exercise
for persons with chronic LBP (Specific Aim 1). Chapter 3 is an electromyographic
and kinetic comparison of abdominal muscle performance during two abdominal
strength tests (Specific Aim 2). Chapter 4 is a study of the responsiveness of
these measures in healthy adults (Specific Aim 3), while Chapter 5 is a case
series describing the effects of both a specific and general stabilization exercise
program on impairments and disability in persons with LBP due to instability
(Specific Aim 4). Chapter 6 summarizes the conclusions and clinical implications
of the dissertation.
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Chapter 2
Quality of Systematic Reviews on Specific Spinal Stabilization Exercise
for Chronic Low Back Pain
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Abstract
Study Design: Systematic Review of Reviews
Objectives: The purpose of this review was to evaluate the quality of systematic
reviews on specific stabilizing exercises versus control groups or other
interventions for chronic low back pain (LBP).
Background: It has been suggested that exercise, specifically lumbar
stabilization, may be effective in reducing the impairments, activity limitations,
and participation restriction associated with chronic LBP. Multiple studies and
systematic reviews have evaluated the effectiveness of lumbar stabilization
exercises in addressing these dysfunctions; however the quality of these reviews
has not been reported.
Methods: A search of MEDLINE, CINAHL, and EMBASE (2000 to January
2009), including the limitations: “Humans” and “Review” was completed by the
primary author. Systematic reviews were selected for this review. The papers
included in the systematic review had to contain randomized controlled trials
examining a specific stabilization exercise program for the treatment of chronic
LBP (symptoms > two months duration). Additionally, outcome measures
assessed must have included pain and/or disability measures. Literature reviews
and clinical practice guidelines were excluded. Three reviewers independently
assessed each study for methodological quality. Additionally, the PEDro
database was screened and hand searching was completed.
Results: The search of MEDLINE, CINAHL, EMBASE, and PEDro produced 655
articles for review. Eight studies fulfilled the inclusion criteria for this review of
13

reviews. Consensus quality assessment scores ranged from 13 to 26 out of a
maximum of 26, with an average of 20.7 points, indicating overall high quality.
The ICC for overall score was 0.98 (95% confidence interval: 0.96-0.99).
Conclusions: This review of systematic reviews indicates benefit of stabilization
exercise programs for chronic low back patients. However the true value of these
programs will not be known until further randomized controlled trials are
conducted with patients classified into homogenous groups. Future research
should focus on randomized controlled trials using some method of classification,
such as current clinical prediction rules. There is a need for relevant randomized
controlled trials that classify persons with LBP to determine the most effective
mode, duration, and frequency of interventions for this population.
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INTRODUCTION
Low back pain (LBP) is one of the most prevalent and expensive health
care problems in the United States.1 Spine dysfunction is the most frequent
cause of activity limitation for persons under the age of 45 years,2 while the most
common cause of disability in the working population is chronic LBP. 3 A large
number of non-operative interventions are available for chronic LBP, including
medications, education, exercise, manual therapy, and modalities (hot packs,
electrical stimulation, ultrasound, etc.).4 However, the efficacy of these
treatments has not been demonstrated through vigorous scientific investigation. 4
Although there is no general consensus regarding the most effective treatment
for LBP, it has been suggested that exercise, specifically lumbar stabilization,
may be effective in reducing the impairments, activity limitations, and
participation restriction associated with chronic LBP.4-6
Segmental lumbar stabilization exercises are based on theories proposed
by Panjabi7 and Bergmark.8 Panjabi hypothesized that the spinal stabilizing
system is comprised of active, passive, and neural subsystems. The active
subsystem consists of the muscles that surround and support the spinal column,
while the passive subsystem consists of non-contractile tissue (i.e. intervertebral
disc, ligaments, etc.) and the central nervous system comprises the neural
subsystem. A dysfunction in any one of these subsystems may result in
successful compensation, adaptation, or injury to spine tissues.7
Bergmark8 proposed that spinal stability is maintained by two main muscle
subsystems, a local and global subsystem. The local stabilizing system is
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composed of those muscles that attach directly to the lumbar vertebrae, for
example, the multifidus, posterior fibers of the internal oblique, transversus
abdominis, and quadratus lumborum form portions of the local subsystem.
These muscles provide the stiffness necessary for stabilization of individual
spinal motion segments and aid in controlling lumbar spinal postures. The global
subsystem includes the primary movers of the spine, such as the rectus
abdominis, external oblique, and the iliocostalis lumborum. These muscles are
torque generators and participate in spinal movements; however, there is no
direct attachment to the lumbar vertebrae.8 Segmental lumbar stabilization or
core stabilization exercise programs stress the importance of the local
subsystem. These exercise programs are composed of specific exercises aimed
at the spinal muscles, including the transversus abdominis, multifidus, and
internal oblique.6, 9-11
Motor control deficits, muscular atrophy, and fatigue of the transversus
abdominis and multifidus muscles have been associated with LBP.12, 13 Multiple
studies and systematic reviews regarding the effectiveness of lumbar
stabilization exercises in addressing these dysfunctions for people with chronic
LBP have been published. A systematic review is regarded as potentially
providing the highest level of evidence to guide clinical practice. As more
systematic reviews are published, it has become increasingly recognized that,
like other forms of research, methodological quality affects the validity of and
conclusions drawn from the data. Therefore, the purpose of this review was to
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evaluate the quality of systematic reviews on specific stabilizing exercises versus
control groups or other interventions for chronic LBP.

METHODS
Search
A search of MEDLINE, CINAHL, and EMBASE (2000 to January 2009),
including the limitations: “Humans” and “Review” was completed by the primary
author. The keywords “chronic” AND “low back pain” OR “lumbago,” AND
“specific” OR “stabili*” OR “segment*” OR “multifidus” OR “transversus” OR
“pelvic floor” AND “exercise” OR “train*” were utilized in this search. The PEDro
database was screened using the following category and search term
combinations: therapy: strength training, problem: pain, body part: lumbar spine,
sacroiliac joint, and pelvis, and method: systematic review. Additionally, hand
searching of references was completed.

Inclusion Criteria
Systematic reviews were selected for this review. The papers included in
the systematic review had to contain randomized controlled trials examining a
specific stabilization exercise program for the treatment of chronic LBP
(symptoms > two months duration). Additionally, outcome measures assessed
must have included pain and/or disability measures. One reviewer accessed and
selected the abstracts of those studies identified during the searches according
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to the inclusion criteria. Selection was independently confirmed by a second
reviewer.

Exclusion Criteria
Reviews that were literature reviews or clinical practice guidelines were
excluded. Furthermore, systematic reviews which did not include chronic LBP or
specific stabilization exercises as an intervention were also excluded.

Statistics
Kappa and percentage agreements statistics were calculated for each
individual criterion while an intraclass correlation coefficient (ICC3,1) and
corresponding 95% confidence interval was used to assess reliability of total
score.14

RESULTS
Review Selection
The search of MEDLINE, CINAHL, EMBASE, and PEDro produced 655
articles for review. There were 52 duplicates and 586 reviews were eliminated on
title alone. Seventeen articles15-31 were selected for further evaluation. Nine
reviews23-31 were eliminated after further evaluation. Reasons for exclusion
included reviews in which the population did not include chronic LBP,
interventions did not focus on specific stabilization exercises, and the nature of
the review was not systematic.23-28 Additionally, two reviews were practice
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guidelines,29,

30

while one31 was a duplication of findings published in another

review.17 Eight studies15-22 fulfilled the inclusion criteria for this review of reviews.
(Figure 2.1)
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Potentially relevant reviews
identified and screened for
retrieval
(n = 655)

Reviews with duplicates
removed
(n=603)

Reviews excluded with reasons
(n = 586)
Not chronic LBP; intervention
was not exercise; intervention
not specific stabilizing exercise

Reviews retrieved for more
detailed evaluation
(n = 17)

Reviews excluded with reasons
(n = 9)
Not chronic LBP; intervention
did not include specific
stabilization exercises; review
was not systematic

Reviews included in review of
reviews
(n = 8)

Figure 2.1 Search Flow Diagram.
Databases searched: EMBase, CINAHL, PEDro, and PUBMED. Search Terms: chronic
AND low back pain OR lumbago AND specific OR stabili* OR segment* OR multifidus
OR transversus OR pelvic floor AND exercise OR train*. Limits: Review, meta-analysis,
humans.
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Quality Assessment of Reviews
Three reviewers independently assessed each study for methodological
quality based on thirteen criteria described in a review of interventions for
patellofemoral pain syndrome by Barton et al.32 The criteria for key words and
exclusion were modified to better evaluate reviews of LBP. (Table 2.1)
Disagreements were resolved by consensus. The consensus quality assessment
scores ranged from 13 to 26 out of 26 possible points, with an average of 20.7
points. Instrument keywords were modified for this study, therefore, percent
agreement and kappa values for individual criteria scores were calculated and
ranged from 0.50 to 0.92 and 0.25 to 0.85 respectively. As defined by Landis and
Koch33, agreement was moderate to substantial across individual items, with the
exception of criteria 1 (replication), in which agreement was fair. In order to
assess the level of agreement for the overall quality score, an intraclass
correlation coefficient (ICC) was calculated. The ICC for overall score was 0.98
(95% confidence interval: 0.96-0.99), which was similar to the findings of Barton
et al. (ICC = 0.96 (95% CI – 0.88-0.99).32 Qualitative analysis data are presented
in Table 2.2.
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Table 2.1 Modified Quality Assessment Scale for Systematic Reviews. Barton et al.32
developed criteria based for patellofemoral pain syndrome. These criteria were modified
for evaluation of systematic reviews related to low back pain and stabilization exercise.
CRITERIA

Yes

In
Part

No

Score*

Were the search methods used to find evidence (original research) on the primary question(s)
stated?
1. Explicitly described to allow replication (i.e., 100% confident that you
could replicate it). If explained but you can't be 100% confident of
replication = in part
Was the search for evidence comprehensive?
2. Adequate number and range of databases (3 = in part, >3 = yes).
Search engines which rely on other databases (i.e, PEDro) not
applicable
3. Alternative searches such as manual searches, Web of Science,
reference lists, contact of prominent authors or other sources of
information (1 of these = in part, 2 or more = yes)
4. Adequate range of key words (search likely to be sensitive). At least
2 of the following search terms LOW BACK PAIN, CHRONIC,
STABILIZATION, MOTOR CONTROL, EXERCISE,
MULTIFIDUS/TRANSVERSUS= in part, 4 or more = yes
5. Non-English language papers included in the search. Must explicitly
state that no language restrictions were applied, or something of similar
meaning to score yes
Were the criteria for deciding which studies to include in the overview reported?
6. Explicitly described to allow replication (unambiguous). If described
but not 100% clear = in part
7. Excludes reviews which do not adequately address inclusion
(CHRONIC LBP) and exclusion (surgery or any other sources of
pathology) criteria. One of inclusion or exclusion = in part, both = yes
Was bias in the selection of articles avoided?
8. Two independent reviewers
Were the criteria used for assessing the quality of included studies reported?
9. Explicitly described to allow replication. If described scale is not valid,
and/or reliability not reported, score = in part
Were the methods used to combine and/or compare the findings of relevant studies appropriate?
10. Meta-analysis conducted on only homogenous data or limitations to
homogeneity discussed
11. Confidence intervals/effect sizes reported where possible
Were conclusions made by the author(s) appropriate?
12. Supported by the meta-analysis or other data analysis findings
(effect sizes, confidence intervals, etc.) in the review. If only
significance levels relied upon = in part
13. Conclusions address levels of evidence for each
intervention/comparison (eg, level A-D evidence, strong-weak evidence,
etc.)
Total
*Scoring: yes, 2; in part, 1; no, 0.
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Table 2.2 Quality Assessment Scores and Resultant Reliability Statistics among the Three Reviewers for Each Criterion.
Study/
Criteria

1

2

3

4

5

6

7

8

9

10

11

12

13

Score

Macedo,
200918

2

2

2

2

2

2

2

2

2

2

2

2

2

26/26

Hayden,
200517

2

2

2

2

2

2

2

2

2

2

2

1

2

25/26

Ferreira,
200615

2

2

2

2

2

2

2

2

2

2

2

2

0

24/26

May,
200822

2

2

2

2

0

2

1

2

2

2

2

2

2

23/26

Rackwitz,
200620

2

2

1

2

1

2

2

2

2

2

2

2

0

22/26

Hauggaard,
200716

2

0

1

2

1

2

2

0

2

2

2

1

2

19/26

Lewis,
200819

2

2

2

1

0

2

2

0

2

0

0

1

2

16/26

Standaert,
200821

1

0

1

2

0

2

1

2

2

0

0

0

2

13/26

Percent
Agreement

50

83

71

67

83

75

62

83

66

75

92

75

75

NA

0.63

0.98
(0.960.99)

*

Reliability

0.25

0.75

0.56

0.50

0.75

0.63

0.44

0.75

0.50

0.63

0.85

0.63

* Kappa reported for each individual criterion, and ICC with 95% confidence intervals in brackets reported for total score.

23

Methodological Summary for Included Reviews
The following databases were used by the eight included reviews:
MEDLINE/PubMed15-22,

EMBASE15,17-20,

CINAHL15,17-19,

22

,

Cochrane

Databases17, 19-21, 22, PEDro15, 16, 18-20, 22, AMED18, 22, and ISI Web of Science19.
Inclusion and exclusion criteria used in the systematic reviews are listed in Table
2.3.
Six out of eight reviews reported searching more than three databases 15,
17-20, 22

while two only utilized two databases to locate articles. 16,

reviews15,

17, 18

21

Only three

explicitly noted that they did not limit searches to English only

publications. Six reviews reported two independent reviewers for trial selection15,
17, 18, 20-22-21

while two did not mention the number of reviewers.16, 19 Additionally,

six reviews reported effect sizes and discussed issues related to homogeneity. 1518, 20, 22

All studies used validated quality assessment scales including the

Cochrane Guidelines16, 17, 20, 21 and PEDro scale.15,18, 19, 22

High-Quality Systematic Reviews
Meta-analysis is the preferred method for analysis of systematic reviews
because it provides a pooled treatment effect which can be readily interpreted.
Heterogeneity or variability of individual studies limits the ability to perform metaanalyses, however three of the reviews found sufficient homogeneity to utilize
meta-analytical approaches to pool their data.15, 17, 18 The most detailed pooling
included pain, disability, and quality of life measures.18 Unfortunately, currently
available randomized controlled trials (RCTs) allow limited pooling of data.
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Table 2.3 Systematic Review Summaries including the number of RCTs, presence of Meta-Analysis, Inclusion/Exclusion Criteria, and
Author‟s Overall Conclusions.
First
Author/
Year

Macedo,
18
2009

Hayden,
17
2005

Number
of RCTs

14

61

MetaAnalysis
(Pooled
Effect)

Criteria

Overall Result

Yes

Inclusion Criteria:
 Randomized or quasirandomized controlled trials comparing motor control
exercise with a placebo, no treatment, or other active treatment (if motor
control exercise was adjuvant treatment it must have comprised 40% of
the total treatment)
 Motor control exercise defined as “exercise treatment was described as
motor control or specific spinal stabilization or core stability exercise and
where the protocol described exercise targeting specific trunk muscles in
order to improve control and coordination of the spine and pelvis”
 Nonspecific low back pain, at least 6 weeks duration or recurrent low back
pain
 Outcome measures included at least one of the following: pain, disability,
quality of life, return to work, or recurrence
No exclusion criteria provided.

Yes

Inclusion Criteria:
 RCTs
 Adults with acute, subacute, or chronic nonspecific low back pain
 Exercise therapy as defined by “a series of specific movements with the
aim of training or developing the body by routine practice or as physical
training to promote good physical health”
 Compared exercise therapy with no treatment or placebo, other
conservative therapy, or another exercise group
 Outcomes include pain, physical function, return to work, or absenteeism
Exclusion Criteria:
 Low back pain due to specific pathologies or conditions

Motor control exercise is
superior to minimal
intervention (defined by the
authors as either general
practitioner care or no care)
for pain and disability,
however no more effective
than manual therapy or other
forms of exercise. Also found
motor control exercise to be
beneficial as an adjunct to
another intervention for both
pain and disability.
Exercise therapy is no more
effective than no treatment or
conservative treatment (i.e.
education, other exercise) for
persons with acute low back
pain, however, it appears to
be slightly more effective in
reducing pain and dysfunction
in persons with chronic low
back pain.
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Ferreira,
13
2006

May,
22
2008

Rackwitz,
20
2006

12

18

7

Yes

Yes

No

Inclusion Criteria:
 RCTs reported in any language
 Adults with cervical, thoracic, low back, or pelvic symptoms with or without
referred pain
 Explicit mention of specific spinal stabilization exercise
 Exercise could be administered in isolation or combination with other
interventions
 Report of at least one of the following: disability, pain, return to work,
number of episodes, global perceived effect, or health-related quality of life
No exclusion criteria provided.
Inclusion Criteria:
 Published prior to October 2006
 Written in English
 Adults with low back pain for any period of time
 Low back pain was non-specific in nature
 RCT
 Stabilization exercises as defined by Richardson, Norris, or O‟Sullivan
 Control received alternative intervention
 Measurement of pain and/or disability
No exclusion criteria provided.
Inclusion Criteria:
 RCTs
 Segmental stabilizing exercises must be at least part of the intervention
 At least 18 years of age
 Acute, subacute, or chronic low back pain with or without sciatica
 Articles published in English, German, French, Dutch, Norwegian, Danish
and Spanish
 Outcome measurements included: pain, recurrence of back pain, disability,
and return to work
Exclusion Criteria:
 Pilot studies and abstracts
 Pregnancy, status post surgery, infection, inflammation, osteoporosis,
rheumatoid arthritis, fractures, malignancy, or systematic disease
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Specific stabilization exercises
are more effective in reducing
pain and disability in persons
with chronic but not acute LBP
when compared to no
treatment, usual care, or
education; however, it was not
more effective than spinal
manipulation or conventional
physical therapy interventions.
Specific stabilization exercises
may be effective in decreasing
pain and disability in patients
with chronic low back pain;
however, they are no more
effective than alternative
interventions.

Segmental stabilizing
exercises are more effective
than treatment by general
practitioner, but not alternative
physical therapy interventions.

Hauggaard,
16
2007

Lewis,
19
2008

10

15

No

No

Inclusion Criteria:
 RCTs in full text
 Acute, subacute, or chronic low back pain
 Intervention containing specific spinal stabilization exercises
 Outcomes measures including specific functional questionnaires and/or
generic questionnaires and/or pain rating
Exclusion Criteria:
 General low back exercises and or stabilizing exercises than did not
emphasize co-contraction of multifidus and transversus abdominis
 Reviews
Inclusion Criteria:
 RCTs
 Data driven studies
 Subjects age 18-65
 Existence of low back pain greater than 12 weeks
 All levels of socioeconomic status
 Compensable, private, and public patients included
 Otherwise healthy subjects
 Exercise/fitness training or rehabilitation in the title
 Articles written in English
 Physiotherapist prescribed exercise program
Exclusion Criteria:
 Low back pain less than 12 weeks duration
 Current physiotherapy treatment for another condition
 Not human subjects
 Existence of co-morbidity or other conditions of an inflammatory or
infectious nature
 Low back pain related to pregnancy
 Depression
 Review articles
 Articles written in a foreign language
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Found moderate evidence to
support the use of specific
spinal stabilization exercises
to reduce pain and/or disability
in persons with low back pain.
Also reported moderate
improvement in multifidus
cross-sectional area and
quality of life.

Physical therapy exercise
(general, aerobic, flexibility,
strengthening, and
stabilization) were found to be
effective in reducing pain in
patients with chronic low back
pain. However, no consensus
on superiority of specific
exercise mode.

Standaert,
21
2008

3

No

Inclusion Criteria:
 RCT with stabilization included in the intervention group and no specific
stabilization in the control group
 Chronic low back pain, defined as at least 3 months or 12 weeks
 English
 Outcome measures included pain, disability, quality of life, satisfaction,
and/or functional measures
 Follow-up of 6 months minimum
Exclusion Criteria:
 Duplicate reports
 Abstract only
 Combine treatments where effect of stabilization exercise cannot be
determined
 No clinical outcome data
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Moderate evidence that
stabilization exercises are
effective for reducing pain and
improving function in patients
with chronic LBP, while strong
evidence exists that this
intervention is no more
effective than less specific,
general exercise program or
manual therapy. Authors
caution that individual
characteristics must be taken
into consideration when
determining the most
appropriate interventions for
this population.

Qualitative Analysis
The eight studies15-22 selected for this review did not include the same
studies within their respective reviews. All studies15-22 concluded that exercise
programs including specific spinal stabilization exercises reduced pain and/or
disability in persons with chronic LBP. Four studies15,17,18,20 found stabilization
exercises to be more effective than minimal interventions such as education or
treatment by a general practitioner, while four18, 20-22 reported that they were no
more effective than alternative interventions for this population.

DISCUSSION
Specific spinal stabilization exercises are commonly used by clinicians for
the rehabilitation of persons with chronic LBP. Spinal stabilization appears to
more effective than no treatment, however, the evidence supporting stabilization
exercises over other interventions for this population is lacking. These findings
regarding the efficacy of specific stabilization exercise for LBP are more
favorable than those of another review of systematic reviews for an alternative
spine intervention- manipulation.34 Ernst et al.34 found limited evidence for the
effectiveness of spinal manipulation, however they investigated the use of spinal
manipulation for a wide variety of diagnoses ranging from LBP to colic.
Therefore, heterogeneity of studies is a significant limitation of the Ernst review of
manipulation.
This systematic review has several limitations. The possibility of study
identification bias is present since only studies that were in English were
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reviewed.35 Our inclusion criteria yielded only a small number of qualifying
studies. Many of the systematic reviews permitted lumbar stabilization exercises
combined with other physical therapy interventions in their inclusion criteria.
Although it is common to integrate interventions clinically, we are unable to
attribute improvements in these subjects solely to the stabilization portion of the
intervention.
Unlike Barton et al.32, who evaluated the quality of systematic reviews
related to patellofemoral pain syndrome, we did not have an overall low quality
(<20 out of 26 possible points) of studies. However, inclusion of languages other
than English and support by meta-analysis were limited in these studies. Due to
the nature of the systematic reviews, meta-analysis was often not appropriate as
the studies were quite heterogeneous in comparison groups, outcomes, and
evaluation time frames.
Despite our findings, they should be interpreted with caution. All studies
indicated that spinal stabilization exercises are effective for persons with chronic
LBP, however half indicated that they are no more effective than alternative
treatments including manual therapy and other forms of exercise such as general
flexibility and strengthening. The lack of effect compared to alternative treatments
may be the result of the heterogeneity of the patients receiving the treatment
intervention. It has been suggested that clinicians should make decisions
regarding patient care based on classification systems which attempt to identify
patients who will respond to a specific therapeutic intervention or have a
condition of interest.36, 37 Of all the RCTs included in these systematic reviews,
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only one attempted to select a homogenous group of patients who would
theoretically respond to a program of specific stabilization exercise based upon a
pathoanatomic classification identified by radiographic evidence of spinal
instability.10 It is interesting to note that this study also reported one of the largest
treatment effects for pain, but not disability.
A treatment-based clinical prediction rule identifying patients likely to
benefit from spinal stabilization exercise has been presented by Hicks et al.38
This rule uses patient characteristics and clinical exam findings to identify
potential responders. Specific predictors of success and failure as measured by a
50% decrease in the Oswestry Disability Index have been defined for patients
with instability (Table 2.4).

Table 2.4 Clinical Prediction Rule for Identifying Patients Likely to Benefit from
Stabilization Exercises (as described by Hicks et al.38).
Predicting IMPROVEMENT






Predicting FAILURE



Negative Prone Instability Test
Absence of aberrant movements
during sagittal plane lumbar ROM
 Absences of lumbar hypermobility
during manual assessment of
posterior – anterior pressure
 Score of ≥ 9 on Fear Avoidance
Belief Questionnaire Physical
Activity Subscale
3 out of 4 of these findings highly
predictive of failure: “+”LR, 18.8

Age < 40 years
Average SLR ROM > 91º
Aberrant movements during
sagittal plane lumbar ROM
Positive Prone Instability Test

Positive CPR when 3 or more of the
factors present: “+” LR, 4.0

Two studies designed to validate this rule have been successfully
completed in different patient populations.39, 40 The stabilization clinical prediction
rule demonstrates the ability to identify patients who should respond favorably (or
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unfavorably) to a spinal stabilization exercise program. As with trials of other
therapeutic interventions, nondiscriminatory application of an intervention to all
patients diminishes the ability of the trial to discover the true potential benefit for
an appropriately chosen subgroup of patients. Researchers should continue to
utilize and develop classification systems, defined by criteria such as clinical
prediction rules, to identify the conditions under which a treatment invention can
be successful.
Additionally, both specific and generalized stabilizing exercises are
advocated for chronic LBP patients. Stabilization exercise programs that
incorporate specific exercises have not been shown more effective than those
that advocate general strengthening of the larger global spinal musculature.36 In
addition, the systematic reviews reviewed provided little detail regarding the
mode, duration, and frequency of effective exercise programs. Therefore, further
research regarding the details of spinal stabilization exercise programs is
indicated.

CONCLUSION
Although this review of systematic reviews indicates benefit of
stabilization exercise programs for patients with chronic low back pain, the true
value of these programs will not be known until further randomized controlled
trials are conducted with patients classified into homogenous groups. The work
of Hicks et al.38, Brennen et al.39, and Teyhen et al.40 suggest that more dramatic
benefits of stabilization exercise programs may be demonstrated if patients are
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appropriately classified. These studies were not included in the systematic
reviews reviewed. Future research should focus on RCTs using current clinical
prediction rules as the criteria to classify patients or the development of new
clinical prediction rules based upon novel stabilization exercise programs and/or
combinations of therapeutic interventions. There is a need for relevant RCTs that
classify persons with low back pain to determine the most effective mode,
duration, and frequency of interventions for this population.
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Chapter 3
An Electromyographic and Kinetic Comparison of Abdominal Muscle
Activity during Abdominal Strength Tests
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ABSTRACT
Study Design: Prospective analysis of relationships
Objectives: The purposes of this study were to determine the following: the
relation between surface electromyography (EMG) activity of the rectus
abdominis (RA), internal oblique (IO), and external oblique (EO) muscles during
the double leg lowering test (DLLT) and lower abdominal muscle progression
(LAMP) grading system levels; the relation between the hip resultant joint
moments and assigned DLLT and LAMP grading system levels; and the potential
relation between the DLLT and LAMP grading systems.
Background: In order to accurately assess motor performance of the abdominal
muscles, which are often impaired in persons with low back pain, clinicians need
objective measures that are both valid and reliable. Two common abdominal
muscle performance tests include Kendall‟s DLLT and Sahrmann‟s LAMP.
Methods: Ten healthy participants (5 male, 5 female) were tested under two
conditions (DLLT and LAMP). Surface EMG activity of the upper (URA) and
lower RA (LRA), IO, and EO muscles was obtained, while anterior superior iliac
spine (ASIS) movement was simultaneously detected.
Results: Correlations between DLLT grades and hip resultant joint moments
(RJM), URA, LRA, IO, and EO EMG percentage of maximal voluntary isometric
contraction (%MVIC) were 0.90, 0.72, 0.69, 0.59, and 0.54, respectively (p<0.01).
Correlations between LAMP grades and hip RJM, URA, LRA, IO, and EO %
MVIC were 0.30, 0.68, 0.72, 0.26 and, 0.56, respectively (p<0.01). No significant
correlation was found between the DLLT and LAMP grades (p=0.23).
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Conclusions: Moderate to good relationships exist between abdominal muscle
activity and grades as described by the DLLT and LAMP, except for IO activity
during the LAMP test (fair relation). A strong correlation existed between hip RJM
and the DLLT, while there was a fair relation between hip RJM and the LAMP.
This finding suggests that the tests measure different qualities of muscle
performance and provides support for the use of either test in the assessment of
abdominal muscle performance, except when IO muscle testing or external lower
extremity force demands on muscle performance are desired. In these instances,
the DLLT appears to be a better test. Further testing of these assessments is
necessary to determine their responsiveness to change following training and in
subjects with other characteristics, such as pain.
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BACKGROUND
Inadequate abdominal muscle recruitment is frequently identified as an
impairment that may lead to activity limitations and participation restriction in
persons with low back pain.1-5 Additionally, these muscles provide the support
and stability that is necessary for independent function, sport performance, and
spine health.6-11 The abdominal musculature consists of the rectus abdominis
(RA), internal oblique (IO), external oblique (EO), and transversus abdominis
(TA) muscles, which are each active during spinal flexion, rotation, and
abdominal compression.10 The anterior and posterior trunk musculature provide
the necessary control for stability of the lumbar spine during limb movement.10-12
In order to accurately assess the strength of the abdominal musculature,
clinicians need objective measures that are both valid and reliable. Two common
abdominal muscle performance tests include the double leg lowering test
(DLLT)10 and the lower abdominal muscle progression (LAMP).11
EMG activity of the RA, EO, and IO muscles can be obtained via surface
electromyography (EMG).2,

3, 12-15

Excellent within day reliability has been

reported for maximal and submaximal voluntary isometric contractions of the
abdominal musculature.15 Clinicians commonly assess lower abdominal muscle
function using isometric abdominal muscle contractions during the DLLT and
LAMP. These methods assign a grade depending on successful subject
execution for each level of the test. Studies have been completed to determine
EMG output during the DLLT.12-14 These studies have consistently demonstrated
that the DLLT elicits significant abdominal muscle activity. In their evaluation of
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the DLLT, Shields and Heiss12 found two abdominal synergies: 1) RA and EO
activity was greater than IO activity and 2) EO and IO activity was greater than
RA activity. In contrast, kinematic16 and dynamometry17 studies have questioned
the validity of the DLLT due to immediate pelvic movement and poor correlations
between maximum isometric muscle force production and muscle grades.
Unfortunately, due to the nature of these previous studies, the specific
contribution of the abdominal muscles is unable to be determined. No studies
comparing the EMG of the abdominal musculature and joint kinetics of the hip
during the DLLT and LAMP has been performed. The purposes of this study
were to:
I.

estimate the strength of the relation between surface EMG activity of
the RA, IO, and EO muscles and subject DLLT grading system levels

II.

estimate the strength of the relation between surface EMG activity of
the RA, IO, and EO muscles and subject LAMP grading system levels

III.

estimate the strength of the relation between the hip resultant joint
moments and subject DLLT grading system levels

IV.

estimate the strength of the relation between the hip resultant joint
moments and subject LAMP grading system levels

V.

estimate the potential relation between the DLLT and LAMP grading
systems.
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METHODS
Participants
Ten healthy participants, (5 males, 5 females), were recruited for this
study via a convenience sample. Subject age ranged from 20 to 32 years of age
with an average of 23.6 ±3.98 years. Each subject read and signed an informed
consent form approved by both the Pennsylvania State University‟s and
University of Scranton‟s respective Institutional Review Boards. Subject
demographics for male and female participants including height, mass, body
mass index, and body fat percentage were measured (Table 3.1). Percent body
fat was calculated using skin folds as described by Jackson and Pollack. 18,

19

Potential subjects were excluded if they were pregnant, reported a history of
abdominal surgery, including cesarean section, or had a history of medical care
for low back or hip pathology.

Table 3.1 Subject Demographics (Mean ± Standard Deviation).

Descriptive Data

n
Age, years
Height, cm
Mass, kg
Body Mass Index, kg/m2
Body Fat Percentage, %

Male

Female

Combined

5
22.0 ± 0
180.7 ± 4.04
80.36 ± 5.64
22.71 ± 3.46
13.4 ± 3.13

5
25.2 ± 5.40
169.3 ± 1.72
62.91 ± 10.23
23.75 ± 2.74
25.6 ± 8.53

10
23.6 ± 3.98
175 ± 6.68
71.64 ± 12.05
23.24 ± 2.99
19.5 ± 8.85
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Study Protocol
This study consisted of a prospective analysis of relationships between
abdominal musculature activity (RA, IO, and EO) under two testing conditions,
the DLLT and LAMP. Prior to electrode and marker application, height, mass,
and skin-fold measurements were taken by an experienced exercise physiologist.
In addition, lower extremity girth measurements and segment lengths were taken
so that body segment inertial parameters could be calculated as described by
Muri et al.20

Electromyography
The skin was lightly abraded and cleansed with NuPrep skin gel prior to
surface electrode application. Following skin preparation, impedence was
measured with an impedence checker (Noraxon U.S.A., Inc.) to ensure that it
was acceptable (<5KΩ). The Biopac MP100 System was used to obtain surface
EMG activity of the upper (URA) and lower rectus abdominis (LRA), IO, and EO
muscles. Muscle activity data were recorded with pairs of 1 cm diameter Ag-Cl
disposable surface electrodes which were placed with an interelectrode distance

of 2cm. The following settings were used: band width 10 to 500Hz, input
impedance ≤ 2MΩ (differential), common mode rejection ratio 110dB, maximum
input voltage10V, gain 100 and sampling rate - 1200Hz.
Surface EMG electrodes were applied over three trunk muscles bilaterally:
IO (midway between the anterior superior iliac spine and pubic tubercle above
the inguinal ligament), EO (15cm lateral to the umbilicus), URA and LRA (3cm
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lateral to the umbilicus), with a ground over the acromion process (Figure 3.1).
Electrode placement was consistent with previous studies, 3, 21, 22 and was verified
by visual inspection of the signal during voluntary contraction to ensure correct
placement with minimal cross-talk. Maximum voluntary isometric contraction
(MVIC) of each abdominal muscle was obtained during three isometric resisted
abdominal crunches with and without trunk rotation. For the RA, subjects were
positioned supine in hooklying (feet flat on the table and knees bent to 90
degrees) with their arms placed across the chest. A strap was placed across the
chest and the subject was instructed to maximally flex and hold for five seconds.
For the IO and EO, the subject was positioned in a similar manner and instructed
to flex and rotate. A 30 second rest period was given between each MVIC trial.
For each trial, data was collected from the eight muscle sites (bilateral LRA,
URA, IO, and EO).

Figure 3.1 Surface EMG Electrode Placements for URA, LRA, EO, and IO.
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Motion analysis
Joint motion data were acquired using a dual CODA camera (Charnwood
Dynamics, UK) motion analysis system (mpx30 and cx1 cameras). The
CODAmotion system is a 3D precalibrated system and uses small infrared light
emitting diode (LED) markers. The LEDs are powered by small drive boxes
(capacity = 2 or 8 markers) that contain rechargeable batteries. The markers are
easily identified by the system due to their intrinsic identities. Sixteen markers
and their respective drive boxes were attached with tape to the subjects‟ trunk,
pelvis, and lower extremities to objectively track motion of these segments during
the strength tests (see Figure 3.2). Data were collected with a sampling rate of
200Hz. Prior to each data collection session, the mpx30 and cx1 cameras were
aligned according to factory guidelines.
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Figure 3.2 CODAmotion Trunk, Pelvis, and Lower Extremity Marker Placement.
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DLLT and LAMP
EMG activity was recorded, while kinematic data were simultaneously
obtained with the CODAmotion system for both strength tests. The DLLT was
performed as described by Kendall et al.10 (see Figure 3.3). The examiner
assisted the subject to the initial position of 90 degrees of hip flexion with the
knees extended. The subject was then instructed to maintain the pelvic position
by contracting the abdominals while slowly lowering the legs to the table over a
five second period. A metronome was used to provide auditory feedback. Three
trials were performed with a one minute rest between trials. The point at which
the subject was unable to maintain a stable pelvic position (>2.54cm motion of
the ASIS) was determined and the resultant grade level was assigned as
described by Kendall et al.10

Figure 3.3 DLLT Grading System as described by Kendall.10
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Following a five minute rest, each subject performed the LAMP as
described by Sahrmann11 (see Table 3.2, Figure 3.4). The subjects started in a
position of supine hooklying with the knees bent to 90 degrees. During each test
position, the subject was instructed to contract their abdominal muscles by
pulling their navel toward their spine and then performing the lower extremity
movement as indicated for each level (0.10 through 5.00/5.00). Prior to testing
the subject was instructed to not push down into the table with their feet during
each motion. To ensure that the subjects understood the test correctly without
excess compensatory movements, a biofeedback pressure cuff was placed
under their feet and the subject practiced until they were able to perform the
movement without additional pressure through their feet. Additionally, a
metronome was used for auditory feedback to ensure consistent pacing of the
movement for each trial. As performed for the DLLT, three trials were completed
with a one minute rest between trials. Each subject completed all nine levels, and
the resultant grade level (0.10-5/5) was assigned for the test position at which the
subject was able to maintain a stable pelvic position as determined by the CODA
system.
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Table 3.2 Test Positions for LAMP grading system as described by Sahrmann. 11

Test Position

Grade

Slide heel to extend lower extremity

0.10/5

Lift one foot, flexing hip

0.20/5

Lift one foot, hold knee to chest with hand, lift other foot

0.50/5

Lift one foot flexing hip to 115, lift other foot

0.75/5

Lift one foot flexing hip to 90, lift other foot

1.00/5

Lift one foot flexing hip to 90, flex the other hip and slide the foot on the
supporting surface, extend hip/knee
Lift one foot flexing hip to 90, flex the other hip and, while holding foot off the
supporting surface, extend hip/knee
Lift both feet to flex hips, slide both feet along the supporting surface so that
both hips and knees extend
Lift both feet to flex hips, keep hips flexed while extending knees, then, with
both knees extended, lower both lower extremities to supporting surface
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2.00/5
3.00/5
4.00/5
5.00/5

0.10/5

0.20/5

0.50/5

3.00/5

5.00/5
Figure 3.4 Representative Test Positions for LAMP grading system.
All test positions start with the subject in supine with knees bent to 90 degrees and feet flat on the
support surface. Level 0.10 = Slide heel to extend lower extremity; 0.20 = Lift one foot, flexing hip;
0.50 = Lift one foot, hold knee to chest with hand, lift other foot; 3.00 = Lift one foot flexing hip to
90º, flex the other hip and, while holding foot off the supporting surface, extend hip/knee; 5.00 =
Lift both feet to flex hips, keep hips flexed while extending knees, then, with both knees extended,
lower both lower extremities to supporting surface.
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Successful completion of each level and subsequent grading for each test
was determined by post capture analysis of movement of the ASIS as a measure
of pelvic position. Custom sequences were written in MATLAB (v 7.10.0) to
determine ASIS movement in the sagittal plane. We chose greater than 2.54cm
of movement as the threshold for unsuccessful stabilization of the pelvis during
each level for each test.

EMG Analysis
MATLAB (v 7.10.0) was used to write custom code to process raw EMG
from the right URA, LRA, IO, and EO. The data was high pass filtered with a
Butterworth filter using a cutoff frequency of 20Hz. It was then full wave rectified,
smoothed with a low pass filter with a 5Hz cutoff, and normalized relative to the
maximum EMG levels obtained during the MVIC (Figure 3.5). For the DLLT, the
average EMG over a 0.5s window was used for each grade level (fair through
normal). This window was placed every 15 degrees by determining the time at
which the legs were at 15, 30, 45, 60, 75, and 90 degrees as they moved from a
vertical to horizontal orientation. These incremental positions were determined by
the biomechanical model described below. The average of the three trials was
calculated. This value was then used to calculate the percentage of the MVIC
(%MVIC) for each level. For the LAMP, the maximum EMG, using a 0.5s window,
was found for each lower extremity movement, which was then used to calculate
%MVIC for each level as described in the LAMP grading system. %MVIC for both
tests was used for statistical analysis.
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Figure 3.5 Sample EMG output for URA, LRA, IO, and EO during A. DLLT and B. LAMP
level 0.75/5. An “*” indicates location of peak EMG during each trial for each muscle
monitored.
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Biomechanical Model to Estimate Hip Resultant Joint Moments
MATLAB was also used to process the motion analysis data to determine
the resultant hip joint moments (RJM) in a sagittal plane. These moments were
determined as the abdominal muscles would need to counteract these moments
during each strength test in order to maintain a stable pelvic position. 10 Body
segment inertial parameters and kinematic data from the lower extremity markers
were extracted and body segments were created by using each adjacent marker.
Kinematic data was filtered and landmark paths were plotted. Segment center of
mass location and accelerations were then computed in order to compute
resultant joint forces and moments (Figure 3.6). For the DLLT, segment angles,
time derivatives, and hip joint moments were computed for every 15 degrees
(Figure 3.7). For the LAMP, both lower extremities are moving in isolation,
therefore the moments from each extremity were added together and the
maximal hip RJM was determined (Figure 3.8 B). The average of three trials for
each test condition was calculated. The RJM values for both tests were then
normalized to subject mass (kg) x height (m) for statistical analysis.
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Figure 3.6 A. Sample paths of joint centers. (MTP = metatarsal phalangeal joint, Heel =
lateral malleolus, Knee = lateral epicondyle, Hip = estimate of hip joint center, and Ribs =
lateral midline of trunk) B. Sample of lower limb joint kinematics and kinetics.
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Figure 3.8 Sample path (A) and moments (B) during LAMP level 0.75/5. (MTP =
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estimate of hip joint center, and Ribs = lateral midline of trunk).

56

Statistical Analysis
Descriptive statistics including mean, standard deviation, and 95%
confidence intervals for abdominal EMG activity and hip RJM were calculated.
Purpose 1 and 2: To estimate the strength of the relationship between the
abdominal strength tests and URA, LRA, IO, and EO EMG activity a Pearson
Product Correlation coefficient was used. Stepwise regression was used to
identify significant predictors of level assignment for each strength test. To
determine if a difference existed between the means for abdominal EMG activity
for each level or grade, as assigned by each test, repeated measures ANOVA
was completed followed by a post hoc analysis using paired t-tests. Purpose 3
and 4: To estimate the strength of the relationship between the abdominal
strength tests and hip RJM a Pearson Product Correlation coefficient was used.
Stepwise regression was used to identify significant predictors of level
assignment for each strength test. Purpose 5: To estimate the strength of the
relationship between the resultant grades for the DLLT and LAMP, a Pearson
Product Correlation coefficient was used. The significance level was set at
p<0.05. Additionally, a Spearman Rank Correlation was computed to analyze the
relationship between the DLLT and LAMP with EMG activity and hip RJM to
determine whether or not a difference existed between interval and ordinal
statistics. Statistical analyses were performed using PASW statistics version 18
and Minitab version 14 statistical software packages.

57

RESULTS
Means, standard deviations, and 95% confidence intervals for abdominal
EMG activity and hip RJM for both the DLLT and LAMP are graphically
represented in Figures 3.9 through 3.14.
Correlations between DLLT grade levels and URA, LRA, IO, and EO
%MVIC ranged from 0.54 (IO) to 0.72 (URA), while hip RJM was 0.90 (Table
3.3). Stepwise regression revealed that hip RJM and IO %MVIC were significant
predictors of DLLT level (Table 3.4). Repeated measures ANOVA tests of
between subjects effects for EMG activity and DLLT level indicated a significant
difference for all abdominal muscles (p<0.01). Post hoc analysis using paired ttests revealed that 10 out of 20 pairs of adjacent levels (i.e. fair to fair +, fair + to
good -, and so on) were significantly different for all abdominal muscles
combined. (Appendix A)
Correlations between LAMP grade levels and URA, LRA, IO, and EO %
MVIC ranged from 0.26 (IO) to 0.72 (LRA), while hip RJM was 0.30 (Table 3.5).
Stepwise regression revealed that hip RJM and LRA %MVIC are significant
predictors of DLL test level (Table 3.6). Repeated measures ANOVA tests of
between subjects effects for EMG activity and LAMP level indicated a significant
difference for all abdominal muscles (p<0.01), while post hoc analysis using
paired t-tests revealed that 10 out of 32 pairs of muscle activity between
subsequent levels (i.e. 0.10 to 0.20, 0.20 to 0.50, and so on) were significantly
different for all abdominal muscles combined. (Appendix A)
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Individual subject resultant grades for DLLT and LAMP are found in Table
3.7. Spearman Rank Correlations were also computed for both the DLLT and
LAMP as these data are ordinal in nature. All correlations were significant (p<
0.05) except for the IO during the LAMP and were similar to those calculated with
the Pearson Product Moment Correlation (Figure 3.8). This provides evidence for
interval properties of both tests. A Pearson Product Moment Correlation between
DLLT and LAMP tests found no significant correlation (p=0.23) between these
two abdominal strength test (Table 3.9).
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A

B

Figure 3.9 DLLT: Plot of Mean and 95% confidence Interval of EMG Activity (%MVIC)
for (A) URA and (B) LRA
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A

B

Figure 3.10 DLLT: Plot of Mean and 95% confidence Interval of EMG Activity (%MVIC)
for (A) IO and (B) EO.
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Figure 3.11 DLLT: Plot of Average Hip RJM Normalized to Mass * Height (N/Kgm).
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A

B

Figure 3.12 LAMP: Plot of Mean and 95% confidence Interval of EMG Activity (%MVIC)
for (A) URA and (B) LRA.

63

A

B

Figure 3.13 LAMP: Plot of Mean and 95% confidence Interval of EMG Activity (%MVIC)
for (A) IO and (B) EO.
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Figure 3.14 LAMP: Plot of Hip RJM Normalized to Mass * Height (N/Kgm).
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Table 3.3 Correlations between DLLT and Normalized Hip RJM (N/Kgm) and Abdominal
EMG Activity (%MVIC).
NORM
HIP RJM
KENDALL Pearson
LEVEL
Correlation

.904

URA
%MVIC

**

.718

LRA
%MVIC

**

.691

IO
%MVIC

**

.544

EO
%MVIC

**

.589

**

** Correlation is significant at the 0.01 level (2-tailed).
NORM HIP RJM = Normalized hip joint reaction moment to mass, URA = Upper Rectus Abdominis, LRA =
Lower Rectus Abdominis, IO = Internal oblique, EO = External oblique, %MVIC = Percentage of Maximal
Voluntary Isometric Contraction

Table 3.4 Regression Model Summary: DLLT.
Model

R

1

.935

R Square

Adjusted R Square

Std. Error of the Estimate

.874

.862

.640

a

a. Predictors: (Constant), EO %MVIC, NORM HIP RJM, IO %MVIC, URA MVIC, LRA %MVIC
b

ANOVA
Model
1

Sum of
Squares

Regression
Residual
Total

df

Mean Square

152.870

5

30.574

22.130

54

.410

175.000

59

F

Sig.
74.606

.000

a

a. Predictors: (Constant), EO %MVIC, NORM HIP RJM, IO %MVIC, URA MVIC, LRA %MVIC
b. Dependent Variable: GRADE_KENDALL
a

Model

Unstandardized
Coefficients
B

1

(Constant)

Std.
Error

.454

.387

5.033

.417

URA_%MIVC

2.417

LRA_%MIVC

Coefficients
Standardized
Coefficients

t

Sig.

Beta

95.0% Confidence
Interval for B
Lower
Bound

Upper
Bound

1.173

.246

-.322

1.230

.813

12.080

.000

4.198

5.869

1.277

.268

1.892

.064

-.144

4.978

-1.293

1.507

-.139

-.858

.395

-4.313

1.728

IO_%MIVC

2.352

.884

.199

2.660

.010

.579

4.125

EO_%MIVC

-1.602

1.383

-.113

-1.159

.252

-4.374

1.170

NORM_HIP_RJM

a. Dependent Variable: GRADE_KENDALL

66

Table 3.5 Correlations for LAMP and Normalized Hip Resultant Joint Moments (N/kgM)
and Abdominal EMG Activity (%MVIC).
NORM HIP
RJM
SAHRMANN
GRADE

Pearson
Correlation

.304

URA
%MVIC

**

.684

LRA
%MVIC

**

.718

IO
%MVIC

**

.257

EO
%MVIC

*

.557

**

**Correlation is significant at the 0.01 level (2-tailed).
*Correlation is significant at the 0.05 level (2-tailed).
NORM HIP RJM = Normalized hip joint reaction moment to mass, URA = Upper Rectus Abdominis, LRA =
Lower Rectus Abdominis, IO = Internal oblique, EO = External oblique, %MVIC = Percentage of Maximal
Voluntary Isometric Contraction

Table 3.6 Regression Model Summary: LAMP.
Model

R

1

.765

a

R Square

Adjusted R Square

Std. Error of the
Estimate

.585

.560

1.12111

a. Predictors: (Constant), EO %MVIC, NORM HIP RJM, IO %MVIC, URA MVIC, LRA %MVIC
b

ANOVA
Sum of
Squares

Df

Mean Square

F

Sig.

Regression

148.709

5

29.742

23.663

.000

Residual

105.579

84

1.257

Total

254.289

89

Model

1

a

a. Predictors: (Constant), EO %MVIC, NORM HIP RJM, IO %MVIC, URA MVIC, LRA %MVIC
b. Dependent Variable: SAHRMANN_GRADE
a

Model

1

Unstandardized
Coefficients

Coefficients
Standardized
Coefficients

B

Std.
Error

(Constant)

-1.722

.486

NORM
HIP_RJM

.976

.351

.203

URA_ %MVIC

.800

1.291

LRA_%MVIC

5.060

1.464

IO_%MVIC

.264

EO_%MVIC

.632

t

Sig.

-3.545

95.0% Confidence
Interval for B
Lower
Bound

Upper
Bound

.001

-2.687

-.756

2.776

.007

.277

1.675

.110

.620

.537

-1.767

3.367

.543

3.456

.001

2.149

7.971

.301

.090

.877

.383

-.335

.864

1.030

.062

.613

.541

-1.417

2.681

Beta

a. Dependent Variable: SAHRMANN_GRADE
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Table 3.7 Individual Resultant Subject Grades for DLLT and LAMP.

Subject

Gender

Kendall

Sahrmann

1
2
3
4
5
6
7
8
9
10

Female
Female
Male
Male
Female
Female
Male
Female
Male
Male

9/10
7/10
7/10
8/10
7/10
7/10
6/10
6/10
8/10
7/10

1.00/5
0.10/5
0.20/5
4.00/5
0.10/5
0.20/5
0.20/5
0.75/5
4.00/5
4.00/5

Table 3.8 Comparison of Pearson Product Moment Correlations and Spearman Rank
Correlations for both LAMP and DLLT and Normalized Hip Resultant Joint Moments
(N/kgM) and Abdominal EMG Activity (%MVIC).

SAHRMANN GRADE

SAHRMANN GRADE

KENDALL LEVEL

KENDALL LEVEL

Pearson
Correlation
Spearman
rho
Pearson
Correlation
Spearman
rho

NORM HIP

URA

LRA

IO

EO

RJM

%MVIC

%MVIC

%MVIC

%MVIC

0.30

0.68

0.72

0.26

0.56

0.20*

0.70

0.71

0.26

0.55

0.90

0.72

0.69

0.54

0.59

0.95

0.70

0.66

0.50

0.68

* not significant at p < 0.05

Table 3.9 Correlations between Grades assigned by DLLT and LAMP.
Kendall Grade
Pearson Correlation

0.417

Sig. (2-tailed)

0.231

Sahrmann Grade
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DISCUSSION
Both strength tests demonstrated moderate to good 23 relationships with
muscle activity, except for the LAMP and IO muscle activity in which a fair
relationship was found. For hip RJMs the relationship was good to excellent for
the DLLT and fair for the LAMP. Both Pearson Product Moment and Spearman
Rank Correlations produced similar relationships. The strength of interval and
ordinal data relationships should be evaluated with Pearson Product Moment
Correlations and Spearman Rank Correlations, respectively. Strength test data
tend to be ordinal in nature, however the results of both correlations indicate
potential interval properties of these tests. These results provide some evidence
to support the use of these tests in the clinical assessment of abdominal
strength.
Our multiple regression model indicates that the IO and hip RJM were
significant predictors of DLLT level performance, while LRA and hip RJM were
significant predictors of LAMP level performance. Kendall10 indicated that the RA
and EO are primarily responsible for pelvic control during the DLLT; however, our
findings indicate that all three muscles are active during this test. It is interesting
to note that the hip RJM was a significant predictor of test level for both tests,
while its correlation with the LAMP was not a strong as that of the DLLT. The
DLLT also produced the greatest hip moments as calculated by our model.
Despite this finding, the LAMP recruited greater muscle activity overall. Along
with findings of others24, this provides further support to Sahrmann‟s position that
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the LAMP may measure neuromuscular control of the abdominal musculature
rather than strength.
Both tests were able to challenge the abdominals across a wide potential
range of resistances and muscle activity. This finding has been suggested 25,26 to
be an advantage of the DLLT as it has the ability to discriminate between many
levels of resistance, however it has been found to be a poor discriminator of
maximal trunk strength.26 Our findings support the ability of the LAMP to also
discriminate among many levels with an overall higher %MVIC in all muscles,
especially for the IO which peaked at a mean of 119% during the LAMP grading
system level 5.0. However, there was also a greater variability, as indicated by
larger standard deviations in the subjects‟ muscle recruitment. This was evident
for the IO when compared to the DLLT. This could be due to the subjects‟
inability to correctly perform the abdominal hollow despite careful instruction and
monitoring. Since the hip RJM should be very similar between the DLLT and the
LAMP in the respective highest grade, the high IO activity in the LAMP may be
due to the challenge of maintaining the abdominal hollow. Loss of the muscle
contraction during the hollow would decrease IO activity and potentially increase
hip flexor muscle activity. This variability most likely affected the strength of the
correlation between the LAMP grade levels and the IO muscle activity. Aside
from the IO activity during the LAMP, no other grade level for either test was able
to recruit the other muscles to 100% MVIC. This may demonstrate a lack of these
abdominal muscle performance tests to test maximal trunk strength. 26 Therefore,
these tests may test other properties of muscle performance such as motor
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control rather than “strength,” however this assumption needs to be further
tested.
Zanotti et al.16 challenged the validity of the DLLT because of early
movement of the pelvis during the test. Similarly, this study also found early
movement of the pelvis as monitored by ASIS movement, however this was
followed by a period of stabilization and then subsequent movement. This initial
movement was not greater than the 2.54cm threshold for movement indicating
test failure. Krause et al.27 have described this period of stabilization as a “setting
phase.” This movement may actually be related to the muscle length-tension
relationship and that the pelvis is stabilized when the abdominals are at a more
ideal length. When the external demands of the lower extremity load overcame
the abdominal contraction, the pelvis began to move again. Another possibility is
lack of hamstring flexibility. If the hamstrings do not allow 90 degrees of
independent hip flexion, the pelvis would need to rotate posteriorly in order to
obtain the 90 degrees of flexion about the hip and pelvis. Initial movement of the
pelvis, in an anterior tilt, may be the pelvis rocking back to normal resting
position. At the point where hamstring length allows independent hip motion, the
pelvis can be stabilized. The findings of this study are limited by the threshold for
pelvic movement, as 2.54cm was used to represent the movement that a
clinician can detect via manual palpation of the ASIS. This hypothesis needs to
be further tested.
The relation between the DLLT grade levels “Fair” through “Good+” and
muscle activity appears to be somewhat linear with muscle activity peaking
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around 60% MVIC. The DLLT test muscle activity decreased for all muscles
within the “Normal” level, despite an increase in the hip RJM (Figure 3.5). This
may have occurred for multiple reasons. First, the subjects may have “let go”
during this level in order to lower the legs to the table. Second, the activity may
decrease when the external force reached a sufficient level and the pelvis started
to move. This would subsequently affect the muscle length tension relationship.
However, if this were true, we may expect to see an increase in muscle
recruitment in an effort to overcome the deficit due to this relationship. Krouse et
al.27 have found that on average males were able to lower their legs to a position
of 15 degrees, therefore being unable to attain a grade of greater than Good+. In
this study all subjects performed each test movement with varying degrees of
success (Table 3.7) indicating the potential for the test to discriminate among
participants. None of our subjects were able to attain a grade of “Normal.”
Additionally, the hip flexors contribute to the control of motion that occurs during
these tests. If increased activity of the hip flexors is present during these
movements, less abdominal muscle activity may be required, especially during
the end of the motion. Therefore, the “Normal” level as described by Kendall may
not be a feasible level for the general population.
Kendall10 indicates that males will perform better on the DLLT than
females due to advantageous body weight distribution. Krause et al.23 also found
better performances in male subjects. In the current study, there was no
difference (p=1.00) between the males (7.20 ± 0.84 out of 10) and the females
(7.20 ± 1.09 out of 10) when using the grades as described by Kendall. However,
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on average males performed better than females (2.48 ± 2.08 vs. 0.43 ± 0.43
out of 5) on the LAMP test, but the difference was not significant (p=0.109). Of
course these findings may have been affected by the sample size. A grade of
“good” or higher was obtained by two subjects (subject 4 and 9) on both tests,
and another subject for the LAMP (subject 10) and the DLLT (subject 1).
A significant correlation was not found between the DLLT and LAMP
(0.417, p=0.231). Sahrmann11 cautioned that patients can demonstrate strong
upper and lower abdominal strength while also demonstrating poor pelvic control
during unilateral motions, such as those performed during the LAMP. The
findings of this study support this hypothesis, as five out of eight subjects with a
DLLT grade of seven or higher had a LAMP grade of less than or equal to 1.00.
This provides support for the use of both tests during the assessment of lower
abdominal muscle performance as these tests may measure different aspects of
muscle performance. In addition, the DLLT is more related to hip RJM than the
LAMP which further suggests different measurement qualities of these tests.
There are several limitations to this study. Surface electrodes were used
to detect muscle activity. Some researchers have suggested that the electrode
placement for IO may also detect TA muscle activity. 28, 29 This may account for
the finding of significant and variable IO activity during the LAMP test as subjects
are instructed to perform an abdominal hollow throughout the test. This
maneuver selectively recruits the TA.30 Additionally, other muscles, such as the
hip flexors, may have been active during these tests. Variations in hip flexor
activity may have affected the recruitment of the abdominal muscles. Also, no
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subjects were able to obtain the highest grade level for either the DLLT or LAMP.
Despite this finding, peak EMG from all subjects for each level was used in
determining EMG activity (%MVIC) for both tests in this study. This study also
analyzed movements of the ASIS in a sagittal plane. Perhaps these findings may
have been different if movement in the transverse plane was assessed,
especially for the LAMP as this test incorporates single leg motions that may
challenge control in this plane. Finally, the assumption that clinicians are able to
manually detect 2.54cm of movement needs to be tested. Further studies with
subjects who are able to perform a majority of the test grade levels successfully
needs to be completed with 3D analysis to further explore these tests.

CONCLUSION
Moderate to good relationships exist between abdominal muscle activity
and grades as described by the DLLT and LAMP, except for IO activity during the
LAMP (fair relation). A strong correlation existed between the hip RJM and the
DLLT, while there was a fair relation between hip RJM and the LAMP. Hip RJMs
were significant predictors of test level for both tests along with IO and LRA for
the DLLT and LAMP respectively. Despite these finding, no correlation existed
between the two tests, suggesting they measure different aspects of muscle
performance. This provides support for the use of both tests in the clinical
assessment of abdominal muscle performance. Additional testing of these
assessments is necessary to further validate the qualities they measure in
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subjects with and without pain and to determine their responsiveness to change
following training over time.
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APPENDIX A
Table 1 DLLT: Descriptive Statistics for Normalized Hip Joint Reaction Moments
(N/kgm) and Abdominal EMG Activity (%MVIC).
Variable

Normalized
Hip RJM

URA
% MVIC

LRA
% MVIC

IO
% MVIC

EO
% MVIC

Level

Mean

Std. Dev.

95% Confidence Interval

Fair
Fair +
Good Good
Good +
Normal
Fair
Fair +
Good Good
Good +
Normal
Fair
Fair +
Good Good
Good +
Normal
Fair Fair
Fair +
Good Good
Good +
Normal
Fair
Fair +
Good Good
Good +
Normal

2.6
22.1
44.3
63.5
77.6
82.2
23.8
29.9
39.5
55.0
61.6
57.5
23.9
29.5
41.2
56.3
60.4
54.2
36.8
41.6
49.3
58.1
61.5
44.2
55.3
35.7
41.6
48.9
57.6
59.2
52.6

26.4
8.6
6.7
6.1
6.6
6.9
12.3
16.3
15.4
13.7
10.8
7.8
10.5
14.9
15.9
11.6
6.8
10.9
16.9
16.3
7.8
7.7
8.7
18.9
10.9
9.5
10.5
7.4
6.8
7.9
11.9

(-16.3, 21.5)
(15.9, 28.2)
(39.5, 49.2)
(59.1, 67.8)
(72.9, 82.3)
(77.2, 87.6)
(14.9, 32.6)
(18.2, 41.6)
(28.5, 50.6)
(45.2, 64.8)
(53.9, 69.3)
(51.9, 63.0)
(16.4, 31.4)
(18.8, 40.2)
(29.8, 52.6)
(47.9, 64.6)
(55.5, 65.3)
(47.4, 63.1)
(24.7, 48.8)
(29.9, 53.3)
(43.7, 54.9)
(52.6, 63.6)
(55.3, 67.7)
(30.6, 57.8)
(47.4, 63.1)
(28.9, 42.5)
(34.1, 49.1)
(43.7, 54.2)
(52.7, 62.4)
(53.5, 64.9)
(44.1, 61.1)
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Table 2 LAMP: Descriptive Statistics for Normalized Hip Joint Reaction Moments
(N/kgm) and Abdominal EMG Activity (%MVIC).
Variable

Normalized
Hip RJM

URA
% MVIC

LRA
% MVIC

IO
% MVIC

EO
% MVIC

Level
0.10
0.20
0.50
0.75
1.00
2.00
3.00
4.00
5.00
0.10
0.20
0.50
0.75
1.00
2.00
3.00
4.00
5.00
0.10
0.20
0.50
0.75
1.00
2.00
3.00
4.00
5.00
0.10
0.20
0.50
0.75
1.00
2.00
3.00
4.00
5.00
0.10
0.20
0.50
0.75
1.00
2.00
3.00
4.00
5.00

Mean

Std. Dev.

60.0
48.9
49.7
50.6
50.4
50.5
50.2
69.2
70.9
15.2
16.8
24.0
33.4
36.9
38.1
44.2
46.9
72.8
18.9
18.5
25.3
34.1
35.1
37.8
43.3
45.3
65.0
52.3
57.1
87.3
79.2
84.2
87.7
88.6
86.1
119.5
23.2
28.1
39.3
41.9
40.5
39.8
45.9
43.7
63.1

18.2
17.5
18.8
17.4
16.4
17.9
17.5
17.6
18.2
10.6
13.9
12.0
16.3
18.2
18.1
15.0
24.2
19.6
14.7
13.3
9.1
12.7
12.3
14.3
11.9
14.1
5.3
30.1
27.6
53.7
48.1
57.2
59.9
59.8
51.3
96.9
15.3
15.3
14.2
11.5
10.3
11.4
13.8
16.5
15.8

79

95% Confidence Interval
(47.0, 73.0)
(36.4, 61.5)
(36.3, 63.2)
(38.1, 62.9)
(38.6, 62.1)
(37.7, 63.4)
(37.7, 62.7)
(56.7, 81.8)
(57.9, 83.9)
(7.6, 22.8)
(6.9, 26.8)
(15.4, 32.7)
(21.7, 45.0)
(23.8, 49.9)
(25.2, 51.1)
(33.4, 54.9)
29.6, 64.2)
(58.8, 86.8)
(8.4, 29.5)
(9.0, 28.1)
(18.8, 31.8)
(25.1, 43.2)
(26.3, 43.9)
(27.6, 48.1)
(34.8, 51.8)
(35.2, 55.4)
(61.3, 68.8)
(30.8, 73.9)
(37.3, 76.9)
(48.8, 125.7)
(44.8, 113.6)
(43.3, 125.1)
(44.9, 130.5)
(45.8, 131.4)
(49.4, 122.8)
( 50.1, 188.8)
(12.2, 34.2)
(17.1, 39.1)
(29.1, 49.4)
(33.6, 50.1)
(33.1, 47.9)
(31.6, 47.9)
(35.9, 55.8)
(31.9, 55.4)
(51.8, 74.4)

Table 3 Paired Samples Test for DLLT.
Paired Differences

Mean

Pair
1
Pair
2
Pair
3
Pair
4
Pair
5
Pair
6
Pair
7
Pair
8
Pair
9
Pair
10
Pair
11
Pair
12
Pair
13
Pair
14
Pair
15
Pair
16
Pair
17
Pair
18
Pair
19
Pair
20

LRA_Fair LRA_Fair_Plus
LRA_Fair_Plus LRA_Good_Minus
LRA_Good_Minus
- LRA_Good
LRA_Good LRA_Good_Plus
LRA_Good_Plus LRA_Normal
URA_Fair URA_Fair_Plus
URA_Fair_Plus URA_Good_Minus
URA_Good_Minus
- URA_Good
URA_Good URA_Good_Plus
URA_Good_Plus URA_Normal
IO_Fair IO_Fair_Plus
IO_Fair_Plus IO_Good_Minus
IO_Good_Minus IO_Good
IO_Good IO_Good_Plus
IO_Good_Plus IO_Normal
EO_Fair EO_Fair_Plus
EO_Fair_Plus EO_Good_Minus
EO_Good_Minus EO_Good
EO_Good EO_Good_plus
EO_Good_plus EO_Normal

Std.
Deviation

Std.
Error
Mean

95% Confidence
Interval of the
Difference
Lower

Upper

t

df

Sig. (2tailed)

-.05592

.06442

.02037

-.10200

-.00984

-2.745

9

.023

-.11665

.06342

.02006

-.16202

-.07128

-5.816

9

.000

-.15103

.07853

.02483

-.20721

-.09486

-6.082

9

.000

-.04121

.08770

.02773

-.10395

.02153

-1.486

9

.172

.06192

.10704

.03385

-.01465

.13849

1.829

9

.101

-.05592

.06442

.02037

-.10200

-.00984

-2.745

9

.023

-.11665

.06342

.02006

-.16202

-.07128

-5.816

9

.000

-.15103

.07853

.02483

-.20721

-.09486

-6.082

9

.000

-.04121

.08770

.02773

-.10395

.02153

-1.486

9

.172

.06192

.10704

.03385

-.01465

.13849

1.829

9

.101

-.04809

.11099

.03510

-.12749

.03131

-1.370

9

.204

-.07741

.11251

.03558

-.15789

.00307

-2.176

9

.058

-.08804

.06864

.02171

-.13714

-.03893

-4.056

9

.003

-.03398

.06755

.02136

-.08230

.01434

-1.591

9

.146

.06263

.08081

.02555

.00482

.12043

2.451

9

.037

-.05871

.08643

.02733

-.12054

.00311

-2.148

9

.060

-.07344

.10376

.03281

-.14766

.00079

-2.238

9

.052

-.08646

.07524

.02379

-.14028

-.03263

-3.634

9

.005

-.01617

.06872

.02173

-.06533

.03299

-.744

9

.476

.06615

.07238

.02289

.01437

.11793

2.890

9

.018

80

Table 4 Paired Samples Test for LAMP Test.
Paired Differences
Std.
Deviation

Std. Error
Mean

-.01615

.04866

-.07196

Mean

Pair 1
Pair 2
Pair 3
Pair 4
Pair 5
Pair 6
Pair 7
Pair 8
Pair 9
Pair
10
Pair
11
Pair
12
Pair
13
Pair
14
Pair
15
Pair
16
Pair
17
Pair
18
Pair
19
Pair
20
Pair
21
Pair
22
Pair
23
Pair
24

URA_0.10 URA_0.20
URA_0.20 URA_0.50
URA_0.50 URA_0.75
URA_0.75 URA_1.00
URA_1.00 URA_2.00
URA_2.00 URA_3.00
URA_3.00 URA_4.00
URA_4.00 URA_5.00
LRA_0.10 LRA_0.20
LRA_0.20 LRA_0.50
LRA_0.50 LRA_0.75
LRA_0.75 LRA_1.00
LRA_1.00 LRA_2.00
LRA_2.00 LRA_3.00
LRA_3.00 LRA_4.00
LRA_4.00 LRA_5.00
IO_0.10 IO_0.20
IO_0.20 IO_0.50
IO_0.50 IO_0.75
IO_0.75 IO_1.00
IO_1.00 IO_2.00
IO_2.00 IO_3.00
IO_3.00 IO_4.00
IO_4.00 IO_5.00

95% Confidence Interval
of the Difference

t

df

Sig. (2tailed)

Lower

Upper

.01539

-.05096

.01866

-1.049

9

.321

.14068

.04449

-.17260

.02868

-1.617

9

.140

-.09332

.07405

.02342

-.14629

-.04035

-3.985

9

.003

-.03494

.08054

.02547

-.09255

.02267

-1.372

9

.203

-.01278

.11422

.03612

-.09448

.06893

-.354

9

.732

-.06037

.06002

.01898

-.10330

-.01743

-3.180

9

.011

-.02707

.15851

.05012

-.14046

.08632

-.540

9

.602

-.25913

.09932

.03141

-.33017

-.18808

-8.251

9

.000

.00400

.11136

.03522

-.07566

.08367

.114

9

.912

-.06775

.11587

.03664

-.15064

.01514

-1.849

9

.098

-.08830

.06862

.02170

-.13739

-.03921

-4.069

9

.003

-.00994

.07419

.02346

-.06301

.04313

-.424

9

.682

-.02691

.10634

.03363

-.10298

.04916

-.800

9

.444

-.05489

.06916

.02187

-.10437

-.00542

-2.510

9

.033

-.01966

.17554

.05551

-.14524

.10591

-.354

9

.731

-.19762

.15118

.04781

-.30577

-.08947

-4.134

9

.003

-.04753

.23598

.07462

-.21634

.12128

-.637

9

.540

-.30195

.39477

.12484

-.58435

-.01954

-2.419

9

.039

.08056

.25362

.08020

-.10086

.26199

1.005

9

.341

-.04982

.19533

.06177

-.18955

.08991

-.807

9

.441

-.03473

.12045

.03809

-.12090

.05143

-.912

9

.386

-.00907

.05759

.01821

-.05026

.03213

-.498

9

.630

.02481

.30638

.09689

-.19437

.24398

.256

9

.804

-.33347

.70198

.22199

-.83563

.16870

-1.502

9

.167
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Pair
25
Pair
26
Pair
27
Pair
28
Pair
29
Pair
30
Pair
31
Pair
32

EO_0.10 EO_0.20
EO_0.20 EO_0.50
EO_0.50 EO_0.75
EO_0.75 EO_1.00
EO_1.00 EO_2.00
EO_2.00 EO_3.00
EO_3.00 EO_4.00
EO_4.00 EO_5.00

-.04948

.09408

.02975

-.11679

.01782

-1.663

9

.131

-.11122

.11470

.03627

-.19327

-.02916

-3.066

9

.013

-.02591

.08709

.02754

-.08821

.03640

-.941

9

.371

.01331

.06353

.02009

-.03214

.05876

.662

9

.524

.00774

.09297

.02940

-.05876

.07425

.263

9

.798

-.06098

.04855

.01535

-.09571

-.02625

-3.972

9

.003

.02185

.08835

.02794

-.04135

.08504

.782

9

.454

-.19442

.06840

.02163

-.24335

-.14548

-8.988

9

.000
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Chapter 4
Responsiveness of the Double Limb Lowering Test and Lower Abdominal
Muscle Progression to Core Stabilization Exercise Programs in
Healthy Adults
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ABSTRACT
Study Design: Pre-Test Post-Test Design with two testing conditions
Objectives: To determine if the double limb lowering test (DLLT) and lower
abdominal muscle progression (LAMP) can detect a change in abdominal muscle
performance following spinal stabilization training.
Background: Low back pain (LBP) is one of the most prevalent and expensive
health care problems in the United States. It has been suggested that exercise,
specifically lumbar stabilization, may be effective in reducing the impairments,
activity limitations, and participation restriction associated with LBP. In order to
accurately assess the effect of stabilization programs on muscle performance,
clinicians need an objective measure that is both valid and reliable.
Methods: Eleven healthy participants (4 male, 7 female) were evaluated by two
tests (DLLT and LAMP) before, during, and at the end of eight weeks of training.
Subjects were then randomly assigned to either a specific exercise (SE) or
general exercise (GE) group. Subjects attended individualized exercise sessions
twice per week for an eight week period. They were also assigned a home
exercise program to be performed three to five times per week.
Results: No significant difference in pre-test performance existed between the
two groups (DLLT p=0.31, LAMP p=0.78). No significant difference was detected
with the DLLT for either the SE, GE groups over time (p=0.779 and 0.646,
respectively). The LAMP detected a significant difference for the GE group
(p=0.047), but not the SE group (p=0.165) over time.
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Conclusions: The LAMP is responsive to change following a general
stabilization exercise program, while the DLLT does not detect a change
following either specific or general exercise. This provides support for the use of
the LAMP in assessing changes in abdominal muscle performance over time
following a general stabilization exercise program, however further testing of
these assessments with larger sample sizes is necessary to further validate
these tests and to identify patient populations for which these tests may be most
appropriate.
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BACKGROUND
Low back pain (LBP) is one of the most prevalent and expensive health
care problems in the United States.1 Although there is no general consensus
regarding the most effective treatment for LBP, it has been suggested that
exercise, specifically lumbar stabilization, may be effective in reducing the
associated impairments, activity limitation, and participation restriction associated
with chronic LBP.2,

3

In order to accurately assess the effect of stabilization

programs on muscle performance, clinicians need objective measures that are
both valid and reliable. Current muscle tests available for the assessment of
trunk stability include the double leg lowering (DLLT) and the lower abdominal
muscle progression (LAMP) as described by Kendall4 and Sahrmann,5
respectively.
EMG output during the DLLT has been determined and studies have
consistently demonstrated that the DLLT elicits significant abdominal muscle
activity.6-8 In contrast, other studies9-11 have questioned the validity and
usefulness of the DLLT due to immediate pelvic movement and poor correlations
between maximum torque production and muscle grade. The validity of the
LAMP has also been challenged.12 Moderate to good relationships between
abdominal muscle activity and grades as described by the DLLT and LAMP have
been found (except for internal oblique (IO) activity during the LAMP test - fair
relation).13 A strong correlation existed between the hip resultant joint motion
(RJM) and the DLLT, while there was only a fair relation between hip RJM and
the LAMP. This provides support for the use of either test in the assessment of
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abdominal muscle performance, except when IO testing or force demands on
muscle performance are desired. In these instances, the DLLT appears to be a
better test. However, further evaluations of these tests to determine
responsiveness to abdominal muscle performance interventions are warranted.
Two contrasting stabilization programs have been proposed for addressing
the muscle performance deficits associated with LBP. Richardson et al.14 have
suggested the importance of co-contraction of the deep stabilizing muscles of the
trunk (multifidus, transversus abdominis, and internal oblique) with a specific
emphasis on transversus abdominis muscle recruitment as described by Hodges
and Richardson.14-16 On the other hand, McGill proposes a more generalized
“bracing” which is designed to also target the large global stabilizing musculature
of the spine (the erector spinae and the obliques).17-21 The purpose of this study
was to determine if the DLLT and LAMP can detect a change in abdominal
muscle performance following two traditional spinal stabilization training
programs.

METHODS
Participants
Eleven healthy participants, (4 males, 7 females), were recruited for this
study via a convenience sample. Subject age ranged from 22 to 44 years of age
with an average of 28.1 ±8.32 years. Each subject read and signed an informed
consent form approved by both the Pennsylvania State University‟s and
University of Scranton‟s respective Institutional Review Boards. Subject
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demographics for male and female participants including height, mass, body
mass index, and body fat percentage are found in Table 4.1. Percent body fat
was calculated using skin folds as described by Jackson and Pollack. 22, 23 Eight
subjects (4 male, 4 female) were classified as active while one each were
classified as moderately active, moderately inactive, and inactive using the
General Practice-Physical Activity Questionnaire.25 Potential subjects were
excluded if they were pregnant, reported a history of abdominal surgery,
including cesarean section, or had a history of medical care for low back or hip
pathology (Appendix A).

Table 4.1 Subject Demographics (Mean ± Standard Deviation).

Descriptive Data

n
Age, years
Height, cm
Mass, kg
Body Mass Index, kg/m2
Body Fat Percentage, %

Male

Female

Combined

4
23.3±1.3
173.9±8.8
72.9±10.9
24.3±3.4
10.29±5.15

7
30.9±9.5
163.9±5.6
65.6±12.2
24.4±4.2
26.1±5.2

11
28.1±8.3
167.6±8.2
68.3±11.8
24.4±3.7
20.3±9.1

Study Protocol
This study consisted of a pre-test post-test design comparing two
stabilization exercise interventions under two testing conditions, the DLLT and
LAMP. Prior to testing, height, mass, and skin-fold measurements were taken by
an experienced clinician.
Motion analysis
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Body segment motion data were acquired using a dual CODA camera
(Charnwood Dynamics, UK) motion analysis system (mpx30 and cx1 cameras).
The CODAmotion system is a 3D precalibrated system which uses small infrared
light emitting diode (LED) markers. The LEDs are powered by small drive boxes
(capacity = 2 or 8 markers) that contain rechargeable batteries. The markers are
easily identified by the system due to their intrinsic identities. Sixteen markers
and their respective drive boxes were attached with tape to the subjects‟ trunk,
pelvis, and lower extremities to permit tracking of the motion of these segments
during the muscle performance tests (Figure 4.1). Data were collected with a
sampling rate of 200Hz and the raw 3D data were recorded. Prior to each data
collection session, the mpx30 and cx1 cameras were aligned according to factory
guidelines. MATLAB (v 7.10.0) was used to write custom code to monitor anterior
superior iliac spine (ASIS) motion in the sagittal plane. The code was written to
detect greater than 2.54cm of motion in the sagittal plane as this may represent
the amount of motion that a clinician is able to detect via manual palpation of the
ASIS.
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Figure 4.1 CODAmotion Trunk, Pelvis, and Lower Extremity Marker Placement.
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DLLT and LAMP
The DLLT was performed as described by Kendall et al.4 (Figure 4.2). The
examiner assisted the subject to the initial position of 90 degrees of hip flexion
with the knees extended while the subject lay supine on a standard examination
table. The subject was then instructed to maintain the pelvic position by
contracting the abdominals while slowly lowering the legs to the table over a five
second period. A metronome was used to provide auditory feedback. Three trials
were performed with a one minute rest between trials. The point at which each
subject was unable to maintain a stable pelvic position (>2.54cm motion of the
ASIS) as detected by the CODAmotion system was determined and the resultant
grade was assigned as described by Kendall et al.4

Figure 4.2 DLLT Grading System as described by Kendall.4
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Following a five minute rest, each subject performed the LAMP as
described by Sahrmann11 (Table 4.2, Figure 4.3). The subjects started in a
position of supine hooklying with the knees bent to 90 degrees. Prior to testing
each subject was instructed to not push down into the table with their feet during
each motion. During each test position, the subject was instructed to contract
their abdominal muscles by pulling their navel toward their spine and then
performing the lower extremity movement as indicated for each level (0.10
through 5.00/5.00). Initially, to ensure that the subjects understood the test
correctly without excess compensatory movements, a biofeedback pressure cuff
was placed under their feet and the subject practiced the first grading system
level until they were able to perform the movement without additional pressure
through their feet. They were instructed to perform the subsequent test levels in
the same manner. Additionally, a metronome was used for auditory feedback to
ensure consistent pacing of the movement for each trial. As performed for the
DLLT, three trials were completed with a one minute rest between trials. The
resultant grade (0.10 to 5.00 out of 5.00) was given for the test position at which
the subject was able to maintain a stable pelvic position as determined by the
CODAmotion system.
Successful completion of each level and subsequent grading for each test
was determined by monitoring movement of the ASIS as a measure of pelvic
position. We chose greater than 2.54cm of movement as the threshold for
unsuccessful stabilization of the pelvis during each level for each test. Both
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abdominal muscle performance tests were completed prior to exercise and at
four and eight weeks following imitation of the respective exercise program.
Table 4.2 Test Positions for LAMP grading system as described by Sahrmann.11
Test Position

Grade

Slide heel to extend lower extremity

0.10/5

Lift one foot, flexing hip

0.20/5

Lift one foot, hold knee to chest with hand, lift other foot

0.50/5

Lift one foot flexing hip to 115, lift other foot

0.75/5

Lift one foot flexing hip to 90, lift other foot

1.00/5

Lift one foot flexing hip to 90, flex the other hip and slide the foot on the
supporting surface, extend hip/knee
Lift one foot flexing hip to 90, flex the other hip and, while holding foot off the
supporting surface, extend hip/knee
Lift both feet to flex hips, slide both feet along the supporting surface so that
both hips and knees extend
Lift both feet to flex hips, keep hips flexed while extending knees, then, with
both knees extended, lower both lower extremities to supporting surface
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2.00/5
3.00/5
4.00/5
5.00/5

0.10/5

0.20/5

0.50/5

3.00/5

5.00/5
Figure 4.3 Representative Test Positions for LAMP grading system.
All test positions start with the subject in supine with knees bent to 90 degrees and feet flat on the
support surface. Level 0.10 = Slide heel to extend lower extremity; 0.20 = Lift one foot, flexing hip;
0.50 = Lift one foot, hold knee to chest with hand, lift other foot; 3.00 = Lift one foot flexing hip to
90º, flex the other hip and, while holding foot off the supporting surface, extend hip/knee; 5.00 =
Lift both feet to flex hips, keep hips flexed while extending knees, then, with both knees extended,
lower both lower extremities to supporting surface.
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Exercise Programs
Specific Exercise (SE) Group
Subjects were randomly assigned to either a specific exercise group or
general exercise group and were unaware of group allocation. A physical
therapist, with more than 10 years of experience managing patients with spine
dysfunction, was oriented to the study design and exercise protocols utilized in
this study. Due to the nature of physical therapy intervention for lumbar
stabilization, clinician blinding was not possible. However, the examiner
collecting motion analysis data was blinded to subject exercise group
assignment. The specific exercise (SE) group participated in an eight-week
exercise program two to three times per week that was directed by the clinician.
This exercise program consisted of exercises designed to promote co-contraction
of the deep stabilizing muscles of the trunk (multifidus, transversus abdominis,
and internal oblique) as described by Richardson et al.14-16 Participants were
instructed in supine and prone abdominal hollowing and progressed to more
challenging postures in both closed and open chain positions (Figure 4.4). During
the abdominal hollow, the subjects were instructed to breathe comfortably while
gently pull their navel in toward their spine. A pressure biofeedback cuff was
used to monitor performance and prevent compensatory motion. The cuff was
placed horizontally under the abdomen when the subject was exercising in prone
and under the lumbar spine when the subject was exercising in supine.
Participants held the contraction for 10 seconds and repeated the exercise 8-10
times. As participant endurance improved either repetitions were added or
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exercises were progressed (Appendix B) to the next level. Additionally, the
participants were instructed to perform a home exercise program at least five
times per week that was recorded in an exercise log to encourage compliance
(Appendix C).

Figure 4.4 Specific Exercise Group Progression as described by Richardson et al.14
(Image from Richardson et al.14)

General Exercise (GE) Group
The general exercise (GE) group also participated in an eight-week
exercise program two to three times per week as directed by the clinician. This
exercise program consisted of exercises designed to include strengthening of the
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larger global stabilizing musculature of the spine (the erector spinae and the
obliques) as described by McGill et al.17-21 This progression emphasizes the
instruction of abdominal bracing, in which the subject stiffens the core
musculature rather than drawing in the abdomen as during the abdominal
hollow.21 The program starts with a flexion-extension cycle followed by abdominal
curls, side bridges, and quadruped leg extensions (Figure 4.5). Each exercise
was held for seven to eight seconds and repeated 10 times. Modifications and
exercise progression (Appendix B) were individualized for each subject based on
performance. These participants also participated in a home exercise program at
least five times per week that was recorded in an exercise log (Appendix C).

A

B

C

D

Figure 4.5 General stabilization program based on McGill. (A) Flexion extension cycles,
(B) Abdominal Curl, (C) Side Bridging, and (D) Quadruped Extensions.
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Statistical Analysis

Descriptive statistics including mean and standard deviations for the pretest, 4 week, and 8 week DLLT and LAMP assigned grades were calculated. A
Wilcoxon rank sum test was used to determine whether or not a difference
existed between initial test performances of the two groups. A Friedman Test
was used to determine if a difference existed between the means of each grade
over time, as assigned by each test. Post hoc analysis was performed using a
Wilcoxon Signed Ranks Test. The significance level was set at p<0.05.
Statistical analyses were performed using PASW statistics version 18 and
Minitab version 14 statistical software packages. For significant differences,
treatment effects were estimated using the methods described by Herbert
(Equation 4.1).25

Treatment Effect (95 % Confidence Interval) = difference ± 3 x SD / √n

Equation 4.1 Estimate for calculating Treatment Effect: difference = calculated
difference between the two means, SD = average standard deviations, and n = group
size.

RESULTS
Individual subject performance is found in Table 4.4. No significant
difference in pre-test performance existed between groups (DLLT p=0.31, LAMP
p=0.78). Mean performance for SE, GE, and all subjects combined for both the
DLLT and LAMP are graphically represented in Figure 4.6. Mean subject
attendance for supervised exercise was 13.4 ±2.1 and 13.2 ±1.3 sessions for the
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SE and GE groups respectively. For HEP performance, mean sessions
completed were 35.2 ±2.9 and 34.7 ±1.1 for the SE and GE sessions
respectively. There were no significant differences between group supervised
session attendance (p=0.84) or HEP performance (p=0.87).
No significant difference was detected with the DLLT for either the SE, GE
groups over time (p=0.779 and 0.646, respectively). The same was true when all
subjects were combined into one group (p=0.867). The LAMP detected a
significant difference for the GE group (p=0.047), but not the SE group (p=0.165)
between pre-test, four weeks, and eight weeks. Post hoc analysis of the GE
group over time did not reveal a significant difference between time frames, most
likely due to the small sample size. The estimated treatment effect as measured
by the LAMP for the SE and GE groups was 0.4 ±1.16 and 0.18 ±0.13,
respectively indicating a small, but positive treatment effect for the GE group, but
no difference between groups.

Table 4.3 Median and Standard Deviation for DLLT and LAMP Performance for SE
Group, GE Group, and All Subjects Combined.

n

Pre-Test

4 weeks

8 Weeks

DLLT - SE
DLLT - GE
DLLT - ALL

5
6
11

7.6 ±0.6
6.8 ±1.2
7.2 ±0.9

7.6 ±0.9
7.2 ±0.4
7.4 ± 0.7

7.4 ± 1.3
7.3 ±1.0
7.4 ±1.1

LAMP - SE
LAMP - GE
LAMP - ALL

5
6
11

0.88 ±1.75
0.22 ±0.16
0.52 ±1.16

1.12 ±1.65
1.10 ±1.47
1.11 ±1.47

1.28 ± 2.11
0.40 ±0.35
0.80±1.43
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Table 4.4 Individual Resultant Subject Performance for DLLT and LAMP.
DLLT (_/10)
Subject

Gender

Group

1
2
3
4
5
6
7
8
9
10
11

Female
Female
Female
Male
Male
Female
Female
Female
Male
Female
Male

SE
SE
GE
SE
GE
GE
GE
SE
GE
SE
GE

LAMP (_/5)

Pre

4 Wks

8 Wks

Pre

4 Wks

8 Wks

8
8
5
8
7
6
8
7
8
7
7

7
8
7
9
7
7
7
7
7
7
8

8
8
7
9
7
6
7
6
9
6
8

0.20
0.20
0
4.00
0.20
0.20
0.20
0
0.20
0
0.50

1.00
0.20
0.20
4.00
4.00
1.00
0.20
0.20
0.20
0.20
1.00

0.20
1.00
0.20
5.00
1.00
0.50
0.20
0.20
0
0
0.50
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A

Assigned Grade

DLLT Performance
10
9.5
9
8.5
8
7.5
7
6.5
6
5.5
5

DLLT_ALL
DLLT_SE
DLLT_GE

Pre-Test

B

4 Weeks

8 Weeks

LAMP Performance
4
3.5
3

Assigned Grade

2.5
2
LAMP_ALL

1.5
1

LAMP_SE

0.5

LAMP_GE

0
-0.5
-1
-1.5
Pre-Test

4 Weeks

8 Weeks

Figure 4.6 DLLT and LAMP Performance (median grades) for specific exercise group
(SE), general exercise group (GE), and all subjects combined (ALL).
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DISCUSSION
The LAMP was able to detect a change in muscle performance following
an eight week stabilization program based targeting the general abdominal
musculature in healthy adults. However, the LAMP was not able to detect a
change in muscle performance following a specific exercise program. The DLLT
was unable to detect a change following either a general or specific exercise
program in the same population. These results provide evidence for the use of
the LAMP in the assessment of abdominal muscle performance over time
clinically.
During the DLLT, Krause et al.26 found that males are able to lower their
legs to a position of 15 degrees, therefore being unable to attain a grade of
greater than Good+. All subjects performed each test movement with varying
degrees of success (Table 4.4) indicating the potential for the test to discriminate
among participants. None of our subjects were able to attain a grade of “Normal”,
even following eight weeks of stabilization exercise. Therefore, the “Normal” level
as described by Kendall10 may reflect a level many of the population cannot
achieve.
Kendall10 indicates that males will perform better than females due to their
more advantageous body weight distribution. Krause et al.26 found better
performances in male subjects. In the present study, at pretest, there was no
significant difference between male and female subject performance (p=0.41).
Following eight weeks of exercise, males demonstrated an improvement while
females demonstrated a decline in performance, however, these differences did
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not meet the threshold for a significant difference (males p=0.08 and females
p=0.71). It is important to note that three out the four males were randomly
assigned to the GE group. This may indicate that the DLLT is biased to testing
abdominal strength in males. One reason the DLLT may not be able to detect
change over time is the use of a 15 degree increment to demonstrate
improvement from one grade to the next (Figure 4. 2). The ability of the DLLT to
detect change over time needs to be further assessed to determine if smaller
increments of change are detectable as well as its responsiveness in patient
populations prior to its use clinically to monitor progress over time. Similarly,
there was no significant difference between male and female subject
performance on the LAMP (p=0.11). Males and females both demonstrated
improvements in performance, however they were not significantly different (male
p=0.29, female p=0.07).
There are several limitations to this study. Failure of the DLLT to identify a
difference between pre-test and eight week measurements may be due to
insufficient statistical power. Post hoc analysis revealed that the power estimate
for this study to detect large effect sizes (0.80)28 was only 41% for α=0.05.29 A
sample of 27 subjects would be needed to detect a large effect. Therefore,
replication of this study with a larger sample and more precise measurements of
limb lowering (i.e. degrees versus DLLT grading system levels) is needed to
validate the present findings. Additionally, this study analyzed movements of the
ASIS in a sagittal plane. Perhaps these findings may have been different if
movement in the transverse plane was assessed, especially for the LAMP as this
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test incorporates single leg motions that may challenge control in this plane.
Another limitation includes the use of 2.54cm as a threshold for representing the
movement that a clinician is able to detect via manual palpation of the ASIS. This
hypothesis needs to be further examined.

Table 4.5 Mean and Standard Deviations for DLLT and LAMP Performance for Male,
Female, and All Subjects Combined.

n

Pre-Test

8 Weeks

DLLT – Male
DLLT – Female
DLLT – ALL

4
7
11

7.5 ±0.58
7.0 ±1.15
7.5 (6.5-8)

8.25 ±0.96
6.86 ±0.89
7.5 (6.5-8)

LAMP – Male
LAMP – Female
LAMP – ALL

4
7
11

1.23 ±1.85
0.11±0.11
0.20 (0.10-2)

1.63 ± 2.29
0.33 ±0.33
0.43 (0.10-2.5)

CONCLUSION
The LAMP is responsive to change following a general stabilization
exercise program, while the DLLT does not detect a change following either
specific or general exercise. This provides support for the use of the LAMP in
assessing changes in abdominal muscle performance over time following a
general stabilization exercise program based on the theories of McGill. 22 There is
no significant difference between male and female performance on either test,
however there may be a trend toward males performing better on the DLLT than
females. Further testing of these assessments with larger sample sizes is
necessary to further validate these tests and to identify patient populations for
which these tests are most appropriate.
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APPENDIX A.

Screening Question Data Collection Sheet – No LBP
The Pennsylvania State University
Title of Project:

Comparison of Local versus Generalized Stabilization
Exercises for Low Back Pain due to Instability: A
Randomized Controlled Trial

Principal Investigator:

Douglas Haladay, PT, DPT, MHS, OCS
1850 Becks Crossing Road
Madison Township, PA 18444
Email: deh26@psu.edu
Telephone number: 570-842-3252

Advisor:

Nicole M. McBrier PhD, ATC
Athletic Training and Sports Medicine, Kinesiology
Department, The Pennsylvania State University

The following questions will be necessary to screen for participants who are
unable to participate in this study. Please check the box to the left of the
answer.
1. Are you under the age of 18, or over the age of 45?

□Yes □No
2. Do you have a history of spinal or abdominal surgery including Csection?
□Yes
3. Are you pregnant?

□No

□Yes □No
4. Have you had medical care for LBP or hip injury?

□Yes □No
If you answered yes to either of the questions above, you will be unable to
participate in this study. If you answered no to the questions above, please
continue with the informed consent. Thank you for your time and cooperation.
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APPENDIX B.
Local Exercise Program Progression
Segmental Stabilization Exercise Model as described by Richardson et al.43
Stage 1. Local Segmental Control
Aim: Train local musculature to protect lumbosacral region without resistance.
A. Supine and prone activation of the transversus abdominis and lumbar
multifidus with the use of pressure biofeedback unit. (Abdominal hollow
without substitution of global musculature.)
B. Emphasis is on low-level tonic holding (10 second hold for 10 repetitions,
increase sets as able).
C. Progression into sitting and standing positions
D. Activation strategies, such as facilitation, are encouraged.
Stage 2. Closed Chain Segmental Control
Aim: Activation of local musculature in antigravity weight-bearing postures.
A. Loading the neutral spine in sitting (ie. upper extremity overhead press)
B. Training of quadriceps in partial weight-bearing (ie. wall squats)
C. Progress to weight-bearing in flexed postures (ie. lunge or semi-squat)
D. Advance to include unstable-moveable surfaces (ie. rocker board or
dynadisc) and upright postures
Stage 3. Open Chain Segmental Control and Progression
Aim: Activation of local musculature in open kinematic chain postures.
A. Open chain activities to develop mobility. (ie. supine hip flexor stretch with
isometric abdominal hollow)
B. Open chain strengthening to develop control. (ie. side-lying hip abduction with
local stabilization)
C. Open chain functional activities (ie. reaching, walking, etc.)

General Exercise Progression
Low Back Stabilization Program as described by McGill36
A. Flexion-Extension Cycles: 5-6 repetitions (Purpose: Reduce viscosity)
B. Abdominal Curls: 10 second hold for 10 repetitions* (with one lower
extremity bent and the other extended to preserve a neutral spine posture)
C. Side Bridges: 10 second hold for 10 repetitions* (initiated with knees bent, or
one foot in the front of the other)
D. Quadruped Leg Extensions: 10 second hold for 10 seconds* (progress to
include contralateral arm raise)
*Emphasis is placed on repetitions, therefore increase repetitions.
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APPENDIX C.
Home Exercise Program Log
You will be provided with descriptions and pictures of the exercises that you will be doing during
physical therapy and at home. You will first be instructed in and perform these exercises during
your physical therapy treatment sessions. Begin performing exercises at home on the next day
after you are instructed to do so by your physical therapist. Perform these exercises at home
every day except for the days you perform these exercises when you are at physical therapy.
You do not have to discontinue all other forms of exercise during your participation in this
study (i.e. jogging program, walking program, etc.). However, do not begin any new forms
of exercise during your participation in this study, and do not add any exercises to this
program. You should pay particular attention to using proper technique. You should ensure you
continue to breathe normally during the exercises and do not hold your breath. Counting aloud
will help you to avoid holding your breath. You should not experience any significant increase in
your pain while performing these exercises. Discontinue any exercise that causes you increased
pain, and notify your physical therapist.
Please record your home exercise sessions in the exercise log that is provided below (See codes
below). Thank you for your participation in this research study, and please let your physical
therapist know if you have any questions.
D: Date
C: Code
Week 1
Week 2
Week 3
Week 4
Week 5
Week 6
Week 7
Week 8

Sunday

D:
C:
D:
C:
D:
C:
D:
C:
D:
C:
D:
C:
D:
C:
D:
C:

Monday

D:
C:
D:
C:
D:
C:
D:
C:
D:
C:
D:
C:
D:
C:
D:
C:

Tuesday

D:
C:
D:
C:
D:
C:
D:
C:
D:
C:
D:
C:
D:
C:
D:
C:

Wednesday

D:
C:
D:
C:
D:
C:
D:
C:
D:
C:
D:
C:
D:
C:
D:
C:

Thursday

D:
C:
D:
C:
D:
C:
D:
C:
D:
C:
D:
C:
D:
C:
D:
C:

Friday

D:
C:
D:
C:
D:
C:
D:
C:
D:
C:
D:
C:
D:
C:
D:
C:

Saturday

D:
C:
D:
C:
D:
C:
D:
C:
D:
C:
D:
C:
D:
C:
D:
C:

Comments:

Please use the following codes to record your exercise sessions:
T: Mark if you attended Physical Therapy on this day
Y: If you completed your exercise program
N: If you did not complete your exercise program
P: If you only completed some of the exercises (Please comment in the Notes section as to the
reason why.
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Chapter 5
Comparison of Specific versus General Stabilization Exercises
for Chronic Low Back Pain:
A Case Series
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ABSTRACT

Study Design: Prospective Case Series
Objectives: The purpose of this case series is to describe the effects of specific
stabilizing exercises versus general stabilizing exercises for chronic low back
pain (LBP) due to instability. Additionally, this study will describe the usefulness
of abdominal muscle performance tests in this population.
Background: Low back pain is one of the most prevalent and expensive health
care problems in the United States. It has been suggested that exercise,
specifically lumbar stabilization, may be effective in reducing its associated
impairments, activity limitations, and participation restriction associated with LBP.
In order to address these deficits, clinicians need effective interventions designed
for persons with LBP due to instability.
Methods: Four female subjects with chronic LBP were recruited from a local
clinic. Inclusion criteria were duration of symptoms greater than three months
and the presence of three of the following: a positive prone instability test,
aberrant movements, posterior pain provocation test, and/or active straight leg
test. Exclusion criteria include minimal pain (< 2/10 on visual analog scale),
treatment for LBP within the past 6 months, spinal surgery, injury attributed to
auto/work accident, and Fear Avoidance Belief Questionnaire score of ≥ 9.
Muscle performance was tested under two conditions (the double limb lowering
test (DLLT) and lower abdominal progression (LAMP)). Success was determined
by monitoring movement of the ASIS during each test by a dual CODA camera
motion analysis system. Additionally, the Modified Oswestry Disability Index,
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VAS, and Fear Avoidance Belief Questionnaire were administered. Subjects
were then randomly assigned to either a specific exercise (SE) or general
exercise (GE) group. Subjects attended individualized physical therapy sessions
two to three times per week over an eight week period. They were also assigned
a home exercise program and were retested at four and eight week time
intervals.
Results: One subject from each exercise group demonstrated an improvement
in DLLT performance, while the other two subjects demonstrated an
improvement in LAMP performance. All subjects reported a decrease in average
pain and disability, while three out of four reported a decrease in worst pain.
Conclusions: This case series provides some support for the use of both
specific and general stabilization exercise programs for the management of
persons with chronic LBP due to instability. Abdominal muscle performance
measures may be able to detect change in this patient population following
stabilization exercise intervention; however the usefulness of these measures
needs to be evaluated in larger studies. Further research is necessary to validate
muscle performance impairment measures used in the examination of back
patients and to determine which of these measures may be related to activity
limitations and participation restriction associated with chronic LBP.
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BACKGROUND
Low back pain (LBP) is one of the most prevalent and expensive health
care problems in the United States.1 Spine dysfunction is the most frequent
cause of activity limitation for persons under the age of 45 years2 and the most
common cause of disability in the working population is chronic LBP.3 A large
number of conservative care interventions are available for chronic LBP,
including medications, education, exercise, manual therapy, and modalities (hot
packs, electrical stimulation, ultrasound, etc.).4 However, the efficacy of these
treatments has not been demonstrated through vigorous scientific investigation. 4
Inadequate abdominal muscle recruitment is frequently identified as an
impairment that may lead to activity limitations and participation restriction in
persons with LBP.5-8 Additionally, these muscles provide the support and stability
that is necessary for independent function, sport performance, and overall spine
health.9-12 The abdominal musculature consists of the rectus abdominis, internal
oblique, external oblique, and transversus abdominis muscles, which are each
active during spinal flexion, rotation, and abdominal compression. 13 The anterior
and posterior trunk musculature provide the necessary control for stability of the
lumbar spine during limb movement.13,

14

In order to accurately assess the

strength of abdominal musculature, clinicians need an objective measure that is
both valid and reliable. Current muscle tests available for the assessment of
trunk stability include the double leg lowering test (DLLT) and the lower
abdominal muscle progression (LAMP) as described by Kendall and Sahrmann,
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respectively.13, 14 To our knowledge, no studies have evaluated the use of these
tests in persons with chronic back pain to measure change over time.
Although there is no general consensus regarding the most effective
treatment for LBP, it has been suggested that exercise, specifically lumbar
stabilization, may be effective in reducing the associated impairments, activity
limitations, and participation restriction associated with chronic LBP.15,

16

Segmental lumbar stabilization exercises are based on theories proposed by
Panjabi and Bergmark.17,

18

Panjabi17 proposed that the stabilizing system

provides the necessary support for the spine to respond to the fluctuating
postural and load demands. It was hypothesized that the spinal stabilizing
system is comprised of active, passive, and neural subsystems. The active
subsystem consists of the muscles that surround and support the spinal column,
while the passive subsystem consists of non-contractile tissue (ie. intervertebral
disc, ligaments, etc.) and the central nervous system comprises the neural
subsystem. These three subsystems are highly coordinated and dysfunction in
any one of these subsystems may result in successful compensation, adaptation,
or injury to spine tissues.17
Bergmark18 proposed that spinal stability is maintained by two main
muscle subsystems, a local and global subsystem. The local stabilizing system is
composed of those muscles that attach directly to the lumbar vertebrae. For
example, the multifidus, posterior fibers of the internal oblique, transversus
abdominis, and quadratus lumborum form portions of the local subsystem.
These muscles provide the stiffness necessary for stabilization of the lumbar
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vertebrae and aid in controlling lumbar spinal postures. The global subsystem
includes the primary movers of the spine, such as the rectus abdominis, external
oblique, and the iliocostalis lumborum. These muscles are torque generators and
participate in spinal movements; however, there is no direct attachment to the
lumbar vertebrae.18 Segmental lumbar stabilization or core stabilization stresses
the importance of the local subsystem. These exercise programs include specific
exercises aimed at muscles such as the transversus abdominis, multifidus, and
internal oblique.
Dysfunction of the transversus abdominis and multifidus muscles has
been associated with LBP,

19, 20

however, there continues to be concern

regarding the effectiveness of lumbar stabilization for people with chronic LBP.
Recent systematic reviews and meta-analyses have evaluated the effectiveness
of lumbar stabilization.21-24 These reviews concluded that specific stabilization
exercise is superior to minimal intervention (defined by the authors as either
general practitioner care or no care) for pain and disability, however no more
effective than manual therapy or other forms of exercise in persons with chronic
nonspecific LBP.
It has been suggested that clinicians should make decisions regarding
patient care based on classification systems.25 Only one study from all
systematic reviews21-24 included patients with radiological evidence of spinal
instability, therefore including patients who are relatively homegenous.26 It is
interesting to note that this study also had one of the largest treatment effects for
the reduction of pain and disability. Criteria are available to indicate which
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patients will benefit from spinal stabilization exercises,

25

which may provide the

opportunity to study a relatively homogeneous group of patients. The benefit of
stabilization exercises that incorporate specific exercises (i.e. recruitment of
transversus abdominis during abdominal hollowing) over general strengthening
of the larger global spinal musculature has not been demonstrated.25 The
purpose of this case series is to describe the effects of specific stabilizing
exercises versus general stabilizing exercises for persons with chronic low back
pain due to instability. Additionally, this study will describe the usefulness of
abdominal muscle performance in this population.

METHODS
Participants
Study participants were recruited for this study from Allied Services
Rehabilitation Hospital in Scranton, PA. Each subject read and signed an
informed consent form approved by both the Pennsylvania State University‟s and
University of Scranton‟s respective Institutional Review Boards. Subjects were
screened to include at least three of the following: age between 18 and 40 years,
low back symptoms with duration greater than three months, the presence of a
positive prone instability test, and/or aberrant movements.25 Exclusion criteria
(Appendix A) include minimal pain (less than 2/10 on a visual analog scale),
treatment (including lumbar stabilization exercises) within the past six months,
spinal surgery, injury attributed to auto or work related accidents, and Fear
Avoidance Belief Questionnaire27 score of 9 or higher. Four female subjects
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(average age 33.8 ±8.9 years) participated in this study. Subject demographics
including height, mass, body mass index, and body fat percentage are found in
Table 5.1. Percent body fat was calculated using skin folds as described by
Jackson and Pollack.28, 29

Table 5.1 Subject Demographics.
Descriptive Data
Subject
1
2
3
4
Mean±
Std.
Dev.

Age,
years
42
22
39
32

Onset,
Months
4
12
48
6

Height,
cm
161.0
158.5
163.0
169.5

Mass,
kg
73.2
72.0
74.1
77.0

Body Mass
2
Index, kg/m
22.3
24.8
26.0
29.2

Body Fat
Percentage, %
26.2
29.8
22.7
36.3

33.8±
8.9

17.5±
20.6

163±
4.7

74.1±
2.1

25.6±
2.9

28.8±
2.9

Test Procedures
Grades of lower abdominals as determined by the DLLT and LAMP were
obtained prior to intervention, at four weeks, and following intervention.
Additionally, the Modified Oswestry Disability Index (ODI)30, Visual Analog Scale
(VAS)31, and Fear Avoidance Belief Questionnaire 27 were administered
(Appendix B). VAS measurements included participant self-rating of average pain
and pain at worst. Height, mass, and skin-fold measurements were taken prior to
testing to determine body mass index and body fat percentage.
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Motion analysis
Data were acquired using a dual CODA camera (Charnwood Dynamics,
UK) motion analysis system (mpx30 and cx1 cameras). The CODAmotion
system is a 3D precalibrated system and uses small infrared light emitting diode
(LED) markers. The LEDs are powered by small drive boxes (capacity = 2 or 8
markers) that contain rechargeable batteries. The markers are easily identified by
the system due to their intrinsic identities. Sixteen markers and their respective
drive boxes were attached with tape to the subjects‟ trunk, pelvis, and lower
extremities to objectively track motion of these segments during the muscle
performance tests (Figure 5.1). Data were collected at a sampling rate of 200Hz
and the raw 3D data were recorded. Prior to each data collection session, the
mpx30 and cx1 cameras were aligned according to factory guidelines. MATLAB (v
7.10.0) was used to write custom code to monitor anterior superior iliac spine

(ASIS) motion in the sagittal plane.
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RIGHT SIDE
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8

LEFT SIDE
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12

10
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15

16

LANDMARK
Proximal Mid-Axillary
Distal Mid-Axillary
ASIS
10cm Posterior to ASIS on iliac crest
Greater Trochanter
Lateral Femoral Condyle
Lateral Malleolus
5th Metatarsal head

9

14

RIGHT MARKER
1
2
3
4
7
8
5
6

LEFT MARKER
9
10
13
14
15
16
11
12

Figure 5.1 CODAmotion Trunk, Pelvis, and Lower Extremity Marker Placement.
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DLLT and LAMP
The DLLT was performed as described by Kendall et al.13 (Figure 5.2).
The examiner assisted the subject to the initial position of 90 degrees of hip
flexion with the knees extended. The subject was then instructed to maintain the
pelvic position by contracting the abdominals while slowly lowering the legs to the
table over a five second period. A metronome was used to provide auditory
feedback. Three trials were performed with a one minute rest between trials. The
point at which the subject was unable to maintain a stable pelvic position (which
was defined as greater than 2.54cm motion of the ASIS) as detected by the
CODAmotion system was determined and the resultant grade was assigned as
described by Kendall et al.13

Figure 5.2 DLLT Grading System as described by Kendall.13
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Following a five minute rest, each subject performed the LAMP as
described by Sahrmann14 (Table 5.2, Figure 5.3). The subjects started in a
position of supine hooklying with the knees bent to 90 degrees. Prior to testing
the subject was instructed to not push down into the table with their feet during
each motion. During each test position, the subject was instructed to contract
their abdominal muscles by pulling their navel toward their spine and then
performing the lower extremity movement as indicated for each level (0.10
through 5.00 out of 5.00). To ensure that the subjects understood the test
correctly without excess compensatory movements, a pressure cuff was placed
under their feet and the subject practiced the first grading system level (0.10)
until they were able to perform the movement without increasing pressure
through their feet. Additionally, a metronome was used for auditory feedback to
ensure consistent pacing of the movement for each trial. As performed for the
DLLT, three trials were completed with a one minute rest between trials. The
resultant grade (0.10-5.00/5.00) was given for the test position at which the
subject was able to maintain a stable pelvic position as determined by the
CODAmotion system.
Successful completion of each level and subsequent grading for each test
was determined by monitoring movement of the ASIS as a measure of pelvic
position. Greater than 2.54cm of movement was chosen as the threshold for
unsuccessful stabilization of the pelvis during each level for each test. Both
abdominal muscle performance tests were completed prior to exercise and at
four and eight weeks following initiation of the respective exercise program.
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Table 5.2 Test Positions for LAMP grading system as described by Sahrmann.14

Test Position

Grade

Slide heel to extend lower extremity

0.10/5

Lift one foot, flexing hip

0.20/5

Lift one foot, hold knee to chest with hand, lift other foot

0.50/5

Lift one foot flexing hip to 115, lift other foot

0.75/5

Lift one foot flexing hip to 90, lift other foot

1.00/5

Lift one foot flexing hip to 90, flex the other hip and slide the foot on the
supporting surface, extend hip/knee
Lift one foot flexing hip to 90, flex the other hip and, while holding foot off the
supporting surface, extend hip/knee
Lift both feet to flex hips, slide both feet along the supporting surface so that
both hips and knees extend
Lift both feet to flex hips, keep hips flexed while extending knees, then, with
both knees extended, lower both lower extremities to supporting surface
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2.00/5
3.00/5
4.00/5
5.00/5

0.10/5

0.20/5

0.50/5

3.00/5

5.00/5
Figure 5.3 Representative Test Positions for LAMP grading system.
All test positions start with the subject in supine with knees bent to 90 degrees and feet flat on the
support surface. Level 0.10 = Slide heel to extend lower extremity; 0.20 = Lift one foot, flexing hip;
0.50 = Lift one foot, hold knee to chest with hand, lift other foot; 3.00 = Lift one foot flexing hip to
90º, flex the other hip and, while holding foot off the supporting surface, extend hip/knee; 5.00 =
Lift both feet to flex hips, keep hips flexed while extending knees, then, with both knees extended,
lower both lower extremities to supporting surface.
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Exercise Programs
Specific Exercise (SE) Group
Subjects were randomly assigned to either a specific exercise group or
general exercise group and were unaware of group allocation. A physical
therapist with more than 10 years of experience managing patients with spine
dysfunction was oriented to the study design and exercise protocols utilized in
this study. Due to the nature of physical therapy intervention for lumbar
stabilization, clinician blinding was not possible. However, the examiner
collecting motion analysis data was blinded to subject exercise group
assignment. The specific exercise (SE) group participated in an eight-week
exercise program two to three times per week that was directed by the clinician.
This exercise program consisted of exercises designed to promote co-contraction
of the deep stabilizing muscles of the trunk (multifidus, transversus abdominis,
and internal oblique) as described by Richardson et al. 32-34 Participants were
instructed in supine and prone abdominal hollowing and progressed to more
challenging postures in both closed an open chain positions (Figure 5.4). During
the abdominal hollow, the subjects were instructed to breathe comfortably while
gently pulling their navel in toward their spine. A pressure biofeedback cuff was
used to monitor performance and prevent compensatory motion. The cuff was
placed horizontally under the abdomen when the subjects were exercising in
prone and under the lumbar spine when the subjects were exercising in supine.
Participants held the contraction for 10 seconds and repeated the exercise 8-10
times. As participant endurance improved either repetitions were added or
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exercises were progressed (Appendix C) to the next level. Additionally, the
participants were instructed to perform a home exercise program daily that was
recorded in an exercise log to encourage compliance (Appendix D).

Figure 5.4 Specific Exercise Group Progression as described by Richardson et al.32
(Image from Richardson et al.32)

General Exercise (GE) Group
The general exercise (GE) group also participated in an eight-week
exercise program two to three times per week as directed by the clinician. This
exercise program consisted of exercises designed to include strengthening of the
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larger global stabilizing musculature of the spine (the erector spinae and the
obliques) as described by McGill et al.35-39 This progression emphasizes the
instruction of abdominal bracing, in which the subject stiffens the core
musculature rather than drawing in the abdomen as during the abdominal
hollow.39 The program starts with a flexion-extension cycle followed by abdominal
curls, side bridges, and quadruped leg extensions (Figure 5.5) . Each exercise
was held for seven to eight seconds and repeated 10 times. Modifications and
exercise progression (Appendix C) were individualized for each subject based on
performance. These participants also participated in a home exercise program
daily that was recorded in an exercise log (Appendix D).

A

B

C

D

Figure 5.5 General stabilization program based on McGill.39 (A) Flexion extension
cycles, (B) Abdominal Curls, (C) Side Bridging, and (D) Quadruped Extensions.
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Statistical Analysis
Treatment effects were estimated using the methods described by
Herbert.40

Treatment Effect (95 % Confidence Interval) = difference ± 3 x SD / √n

Equation 5.1 Estimate for calculating Treatment Effect: difference = calculated
difference between the two means, SD = average standard deviations, and n = group
size.

RESULTS

Subjects attended nine to fourteen supervised physical therapy sessions
and were compliant (greater than 70% completion) with their home exercise
programs (Table 5.3). Individual subject abdominal muscle performance and
outcomes are found in Tables 5.4, 5.5, and 5.6. One subject from each exercise
group demonstrated an improvement in DLLT performance, while the other two
subjects demonstrated and improvement in LAMP performance. All subjects
reported a decrease in average pain and disability, while 3 out of 4 reported a
decrease in worst pain (Figure 5.6 and 5.7). Three out of four subjects had a
reduction in disability, as measured by the ODI, greater than 50 percent.
Although the sample does not permit generalization of findings, in this
case series, the magnitude of improvement as measured by the Modified ODI
was 13.5 ±15.86, indicating a positive, but insignificant treatment effect between
pre-test and eight weeks for all subjects combined (Figure 5.8). The estimated
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treatment effect as measured by the VAS for average and worst pain was 2.25
±1.15 and 3.5 ±2.39, respectively, indicating positive significant treatment effects
between pre-test and eight weeks for all subjects combined.
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Table 5.3 Individual Subject Group Assignment, Session Attendance, and Home
Exercise Program Compliance.
Subject

Group
Assignment

Sessions Attended

Home Exercise Program
Compliance

1
2
3
4

SE
GE
SE
GE

14
11
18
9

90%
100%
100%
73%

Table 5.4 Individual Subject Performance for DLLT and LAMP at Initial, Four Weeks and
Eight Weeks.

Subject

Group
Assignment

Pre

1
2
3
4

SE
GE
SE
GE

6
9
8
8

DLLT (_/10)
4
8
Wks
Wks
8
9
9
9
7
8
8
9

Δ

Pre

3
0
0
1

0.2
0.2
0.1
0

LAMP (_/5)
4
8
Wks
Wks
0.2
0.2
0.2
1
0.2
0.2
0.2
0

Δ
0
0.8
0.1
0

Table 5.5 Individual Subject Report of Average and Worst Pain as Measured by the
Visual Analog Scale at Initial, Four Weeks and Eight Weeks.

Subject

Group
Assignment

Pre

1
2
3
4

SE
GE
SE
GE

3
4
2
2

AVE PAIN (_/10)
4
8
Wks
Wks
2
1
1
0
1
0
2
1

Δ

Pre

-2
-4
-2
-1

8
8
7
3

WORST PAIN (_/10)
4
8
Wks
Wks
6
3
4
4
4
2
4
3

Δ
-5
-4
-5
0

Table 5.6 Individual Subject Report of Disability as Measured by the Modified Oswestry
Disability Index at Initial, Four Weeks and Eight Weeks. Percent reduction in disability is
displayed in the last column.
Modified ODI (_/100)

Subject

Group
Assignment

Pre

4 Wks

8 Wks

Δ

1
2
3
4

SE
GE
SE
GE

38
28
16
16

34
10
2
8

26
10
2
6

-12
-18
-14
-10
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%
Reduction
31%
64%
88%
63%

A

DLLT Performance
10

Assigned Grade

9
Subject 1
8

Subject 2
Subject 3

7

Subject 4
Linear (Ave)

6
5
Pre-Test

B

4 Weeks

8 Weeks

Assigned Grade

LAMP Performance
2
1.8
1.6
1.4
1.2
1
0.8
0.6
0.4
0.2
0

Subject 1
Subject 2
Subject 3
Subject 4
Linear (Ave)

Pre-Test

4 Weeks

8 Weeks

Figure 5.6 Individual Subject Performances on the (A) DLLT and (B) LAMP. In (B)
Subject 4 had a LAMP grade of 0 at both pre-test and 8 week time frames. Linear trend
lines for mean subject performance indicate a positive trend (i.e. improvement) in
abdominal muscle performance over time.
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VAS - Average

Assigned Grade

A
10
9
8
7
6
5
4
3
2
1
0
-1

Subject 1
Subject 2
Subject 3
Subject 4
Linear (Ave)
Pre-Test

B

4 Weeks

8 Weeks

Assigned Grade

VAS - Worst
10
9
8
7
6
5
4
3
2
1
0

Subject 1
Subject 2
Subject 3
Subject 4
Linear (Ave)
Pre-Test

C

4 Weeks

8 Weeks

Assigned Grade

Modified Oswestry Disability
Index
40
35
30
25
20
15
10
5
0

Subject 1
Subject 2
Subject 3
Subject 4
Linear (Ave)
Pre-Test

4 Weeks

8 Weeks

Figure 5.7 Individual Subject report of pain and disability as measured by the VAS ((A)
Average and (B) Worst Pain) and (C) Modified ODI. Subjects 2 and 3 had VAS –
Average Pain Levels of 0 at 8 weeks. Linear trend lines for mean subject ratings
indicate and decrease in pain and disability over time.
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Figure 5.8 Forest Plot depicting Treatment Effects for Pain and Disability Outcome
Measures: Modified ODI and VAS for Average and Worst Pain. Values presented are
effect size and 95% confidence interval.

DISCUSSION
This case series provides preliminary evidence for the use of both specific
and general stabilization exercise programs for the management of persons with
chronic LBP due to instability. Both pain and disability decreased following eight
weeks of stabilization exercise. Abdominal muscle performance changes
indicated a trend for improvement regardless of exercise program as all subjects
demonstrated an improvement in one of the abdominal muscle performance
measures.
The VAS and ODI have been reported to be valid, reliable, and responsive
outcomes instruments with established values for minimum clinically important
difference (MCID).41 MCID has been defined as the minimal change in an
outcome score that is meaningful from a patient‟s perspective. The MCID for the
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VAS ranges from two to three points. Three out of four subjects had a reduction
of two or more points for both average and worst pain following intervention. In
regards to disability, two subjects reported moderate disability (range 20 to 40
points) as measured by the modified ODI, while two reported minimal disability
(range 0 to 20 points).42 The cutoff MCID for the ODI is suggested to be 10
points. All subjects had a reduction of 10 or more points, indicating a meaningful
reduction in disability following the exercise interventions.
Deficits in muscle performance are defined as impairments in body
function.43 It has been suggested that physical impairments and function are
independent constructs with no clear relationship.44 Further research is
necessary to validate impairment measures used in the examination of back
patients and to determine which of these measures may be related to activity
limitations and participation restriction associated with chronic LBP.45 The DLLT
and LAMP mean grades prior to intervention were 7.75 ±1.26 out of 10, and 0.13
±0.09 out of 5.00, respectively. Both of these, especially the DLLT, are higher
than those reported in normal healthy females reported in a previous study (7.0
±1.15 and 0.11±0.11).46 The results of this case series suggest that the DLLT and
LAMP may be useful measures for patients with chronic LBP due to instability as
each of the subjects improved in one performance measure (DLLT: Subject 1
and 4 improved 3 and 1 grade levels, respectively, while LAMP: Subject 2 and 3
improved 3 and 1 grade levels respectively). However, further research is
needed to validate this claim and to determine what muscle performance
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parameters (i.e. strength, motor control, etc.) these tests measure as well as
MCIDs for these measures.
The number of physical therapy sessions attended by each subject is
found in Table 5.3. The number of sessions provided was individually determined
based on therapist experience, which is representative of contemporary physical
therapy practice. The number of sessions does not appear to be related to pain
intensity or disability, as those with high levels of pain and/or disability did not
necessarily attend a greater number of supervised sessions. Interestingly, those
subjects who were assigned to the SE group received more visits than those in
the GE group, while all subjects were compliant with home exercise programs.
This finding could have fiscal implications as both groups demonstrated similar
reductions in pain and disability with similar improvements in muscle
performance. Therefore, further research is needed to determine whether or not
one exercise intervention may be more fiscally responsible.
There are several limitations to this study. As this was a case series, there
were too few subjects to draw firm conclusions; however there is sufficient
evidence to indicate that further study of these exercises and measures in this
population is warranted. Additionally, this study analyzed movements of the ASIS
in a sagittal plane. Perhaps these findings may have been different if movement
in the transverse plane had been assessed, especially for the LAMP as this test
incorporates single leg motions that may challenge control in this plane. Another
limitation includes the use of 2.54cm as a threshold for representing the
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movement that a clinician is able to detect via manual palpation of the ASIS. This
assumption needs to be further tested.

CONCLUSION
This case series provides some support for the use of both specific and
general stabilization exercise programs for the management of pain and disability
in persons with chronic LBP due to instability. Abdominal muscle performance
measures may be able to detect change in this patient population following
stabilization exercise intervention; however the usefulness of these measures
needs to be evaluated in larger studies. Further research is necessary to validate
muscle performance impairment measures used in the examination of patients
with low back pain and to determine which of these measures may be related to
activity limitations and participation restriction associated with chronic low back
pain.
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APPENDIX A.

Screening Question Data Collection Sheet – No LBP
The Pennsylvania State University
Title of Project:

Comparison of Local versus Generalized Stabilization
Exercises for Low Back Pain due to Instability: A
Randomized Controlled Trial

Principal Investigator:

Douglas Haladay, PT, DPT, MHS, OCS
1850 Becks Crossing Road
Madison Township, PA 18444
Email: deh26@psu.edu
Telephone number: 570-842-3252

Advisor:

Nicole M. McBrier PhD, ATC
Athletic Training and Sports Medicine, Kinesiology
Department, The Pennsylvania State University

The following questions will be necessary to screen for participants who are
unable to participate in this study. Please check the box to the left of the
answer.
5. Are you under the age of 18, or over the age of 45?

□Yes □No
6. Do you have a history of spinal or abdominal surgery including Csection?
□Yes
7. Are you pregnant?

□No

□Yes □No
8. Have you had medical care for LBP or hip injury?

□Yes □No
If you answered yes to either of the questions above, you will be unable to
participate in this study. If you answered no to the questions above, please
continue with the informed consent. Thank you for your time and cooperation.
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APPENDIX B. Outcome Measures
Modified Oswestry Low Back Pain Disability Questionnaire
This questionnaire has been designed to give your therapist information as to how your back pain has
affected your ability to manage in everyday life. Please answer every question by placing a mark in the one
box that best describes your condition today. We realize you may feel that 2 of the statements may describe
your condition, but please mark only the box that most closely describes your current condition.

Pain Intensity
____ I can tolerate the pain I have without having to use pain medication.
____ The pain is bad, but I can manage without having to take pain medication.
____ Pain medication provides me with complete relief from pain.
____ Pain medication provides me with moderate relief from pain.
____ Pain medication provides me with little relief from pain.
____ Pain medication has no effect on my pain.
Personal Care (e.g., Washing, Dressing)
____ I can take care of myself normally without causing increased pain.
____ I can take care of myself normally, but it increases my pain.
____ It is painful to take care of myself, and I am slow and careful.
____ I need help, but I am able to manage most of my personal care.
____ I need help every day in most aspects of my care.
____ I do not get dressed, I wash with difficulty, and I stay in bed.
Lifting
____ I can lift heavy weights without increased pain.
____ I can lift heavy weights, but it causes increased pain.
____ Pain prevents me from lifting heavy weights off the floor, but I can manage if the weights are
conveniently positioned (e.g., on a table).
____ Pain prevents me from lifting heavy weights, but I can manage light to medium weights if they are
conveniently positioned.
____ I can lift only very light weights.
____ I cannot lift or carry anything at all.
Walking
____ Pain does not prevent me from walking any distance.
____ Pain prevents me from walking more than 1 mile. (1 mile = 1.6 km).
____ Pain prevents me from walking more than 1/2 mile.
____ Pain prevents me from walking more than 1/4 mile.
____ I can walk only with crutches or a cane.
____ I am in bed most of the time and have to crawl to the toilet.
Sitting
____ I can sit in any chair as long as I like.
____ I can only sit in my favorite chair as long as I like.
____ Pain prevents me from sitting for more than 1 hour.
____ Pain prevents me from sitting for more than 1/2 hour.
____ Pain prevents me from sitting for more than 10 minutes.
____ Pain prevents me from sitting at all.
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Standing
____ I can stand as long as I want without increased pain.
____ I can stand as long as I want, but it increases my pain.
____ Pain prevents me from standing for more than 1 hour.
____ Pain prevents me from standing for more than 1/2 hour.
____ Pain prevents me from standing for more than 10 minutes.
____ Pain prevents me from standing at all.
Sleeping
____ Pain does not prevent me from sleeping well.
____ I can sleep well only by using pain medication.
____ Even when I take medication, I sleep less than 6 hours.
____ Even when I take medication, I sleep less than 4 hours.
____ Even when I take medication, I sleep less than 2 hours.
____ Pain prevents me from sleeping at all.
Social Life
____ My social life is normal and does not increase my pain.
____ My social life is normal, but it increases my level of pain.
____ Pain prevents me from participating in more energetic activities (e.g., sports, dancing).
____ Pain prevents me form going out very often.
____ Pain has restricted my social life to my home.
____ I have hardly any social life because of my pain.
Traveling
____ I can travel anywhere without increased pain.
____ I can travel anywhere, but it increases my pain.
____ My pain restricts my travel over 2 hours.
____ My pain restricts my travel over 1 hour.
____ My pain restricts my travel to short necessary journeys under 1/2 hour.
____ My pain prevents all travel except for visits to the physician / therapist or hospital.
Employment / Homemaking
____ My normal homemaking / job activities do not cause pain.
____ My normal homemaking / job activities increase my pain, but I can still perform all that is required of
me.
____ I can perform most of my homemaking / job duties, but pain prevents me from performing more
physically stressful activities (e.g., lifting, vacuuming).
____ Pain prevents me from doing anything but light duties.
____ Pain prevents me from doing even light duties.
____ Pain prevents me from performing any job or homemaking chores.

Source: Fritz JM, Irrgang JJ. A comparison of a modified Oswestry Low Back Pain Disability
Questionnaire and the Quebec Back Pain Disability Scale. Physical Therapy. 2001;81:776-788.
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APPENDIX C.
Local Exercise Program Progression
Segmental Stabilization Exercise Model as described by Richardson et al.43
Stage 1. Local Segmental Control
Aim: Train local musculature to protect lumbosacral region without resistance.
A. Supine and prone activation of the transversus abdominis and lumbar
multifidus with the use of pressure biofeedback unit. (Abdominal hollow
without substitution of global musculature.)
B. Emphasis is on low-level tonic holding (10 second hold for 10 repetitions,
increase sets as able).
C. Progression into sitting and standing positions
D. Activation strategies, such as facilitation, are encouraged.
Stage 2. Closed Chain Segmental Control
Aim: Activation of local musculature in antigravity weight-bearing postures.
A. Loading the neutral spine in sitting (ie. upper extremity overhead press)
B. Training of quadriceps in partial weight-bearing (ie. wall squats)
C. Progress to weight-bearing in flexed postures (ie. lunge or semi-squat)
D. Advance to include unstable-moveable surfaces (ie. rocker board or
dynadisc) and upright postures
Stage 3. Open Chain Segmental Control and Progression
Aim: Activation of local musculature in open kinematic chain postures.
A. Open chain activities to develop mobility. (ie. supine hip flexor stretch with
isometric abdominal hollow)
B. Open chain strengthening to develop control. (ie. side-lying hip abduction with
local stabilization)
C. Open chain functional activities (ie. reaching, walking, etc.)

General Exercise Progression
Low Back Stabilization Program as described by McGill36
A. Flexion-Extension Cycles: 5-6 repetitions (Purpose: Reduce viscosity)
B. Abdominal Curls: 10 second hold for 10 repetitions* (with one lower
extremity bent and the other extended to preserve a neutral spine posture)
C. Side Bridges: 10 second hold for 10 repetitions* (initiated with knees bent, or
one foot in the front of the other)
D. Quadruped Leg Extensions: 10 second hold for 10 seconds* (progress to
include contralateral arm raise)
*Emphasis is placed on repetitions, therefore increase repetitions.
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APPENDIX D. Home Exercise Program Log
You will be provided with descriptions and pictures of the exercises that you will be doing during
physical therapy and at home. You will first be instructed in and perform these exercises during
your physical therapy treatment sessions. Begin performing exercises at home on the next day
after you are instructed to do so by your physical therapist. Perform these exercises at home
every day except for the days you perform these exercises when you are at physical therapy.
You do not have to discontinue all other forms of exercise during your participation in this
study (i.e. jogging program, walking program, etc.). However, do not begin any new forms
of exercise during your participation in this study, and do not add any exercises to this
program. You should pay particular attention to using proper technique. You should ensure you
continue to breathe normally during the exercises and do not hold your breath. Counting aloud
will help you to avoid holding your breath. You should not experience any significant increase in
your pain while performing these exercises. Discontinue any exercise that causes you increased
pain, and notify your physical therapist.
Please record your home exercise sessions in the exercise log that is provided below (See codes
below). Thank you for your participation in this research study, and please let your physical
therapist know if you have any questions.
D: Date
C: Code
Week 1
Week 2
Week 3
Week 4
Week 5
Week 6
Week 7
Week 8

Sunday

D:
C:
D:
C:
D:
C:
D:
C:
D:
C:
D:
C:
D:
C:
D:
C:

Monday

D:
C:
D:
C:
D:
C:
D:
C:
D:
C:
D:
C:
D:
C:
D:
C:

Tuesday

D:
C:
D:
C:
D:
C:
D:
C:
D:
C:
D:
C:
D:
C:
D:
C:

Wednesday

D:
C:
D:
C:
D:
C:
D:
C:
D:
C:
D:
C:
D:
C:
D:
C:

Thursday

D:
C:
D:
C:
D:
C:
D:
C:
D:
C:
D:
C:
D:
C:
D:
C:

Friday

D:
C:
D:
C:
D:
C:
D:
C:
D:
C:
D:
C:
D:
C:
D:
C:

Saturday

D:
C:
D:
C:
D:
C:
D:
C:
D:
C:
D:
C:
D:
C:
D:
C:

Comments:

Please use the following codes to record your exercise sessions:
T: Mark if you attended Physical Therapy on this day
Y: If you completed your exercise program
N: If you did not complete your exercise program
P: If you only completed some of the exercises (Please comment in the Notes section as to the
reason why.
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Chapter 6
Conclusions
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CONCLUSIONS
The purpose of this dissertation was to validate measures of abdominal
muscle performance and describe the effects of specific stabilization exercises
used for the management of persons with chronic low back pain (LBP). Both the
double limb lowering test (DLLT) and the lower abdominal muscle progression
(LAMP) demonstrate moderate to good correlations with abdominal muscle
surface electromyography and hip resultant joint moments (RJM). The DLLT and
LAMP do not correlate well with one another suggesting that they might measure
different aspects of abdominal muscle performance. The LAMP is more
responsive than the DLLT in detecting change following general stabilization
training in healthy adults. Stabilization exercises, both specific and general, are
effective in decreasing pain and disability in persons with chronic LBP, especially
those with instability.

SPECIFIC AIM 1
The first aim of this dissertation was to evaluate the quality of systematic
reviews on specific stabilizing exercises versus control groups or other
interventions for chronic LBP. Eight studies1-8 were selected for review. Overall,
the quality of systematic reviews on specific spinal stabilization exercise for
chronic LBP was high (20.7 points out of 26 possible points).
All studies1-8 concluded that exercise programs including specific spinal
stabilization exercises reduced pain and/or disability in persons with chronic LBP.
Four studies1, 3, 4, 6 found stabilization exercises to be more effective than minimal
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interventions such as education or treatment by a general practitioner, while
four4, 6-8 reported that they were no more effective than alternative interventions
for this population.
Many of the systematic reviews permitted lumbar stabilization exercises
combined with other physical therapy interventions in their inclusion criteria.
Although it is common to integrate interventions clinically, improvements in these
subjects cannot be solely attributed to the stabilization portion of the intervention.
Despite these findings, they should be interpreted with caution. All studies
indicated that spinal stabilization exercises are effective for persons with chronic
LBP, however a few indicated that they are no more effective than alternative
treatments including manual therapy and other forms of exercise such as general
flexibility and strengthening.
The lack of effect compared to alternative treatments may be the result of
the heterogeneity of patients with “nonspecific” LBP receiving the treatment
intervention. Although this review of systematic reviews indicates benefit of
stabilization exercise programs for persons with chronic LBP, the true value of
these programs will not be known until further randomized controlled trials are
conducted with patients classified into homogenous groups.

SPECIFIC AIM 2
The second aim was to estimate the strength of the following: the relation
between surface electromyography (EMG) activity of the rectus abdominis (RA),
internal oblique (IO), and external oblique (EO) muscles during the double leg
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lowering test (DLLT) and lower abdominal muscle progression (LAMP) levels; the
relation between the hip resultant joint moments and assigned DLLT and LAMP
levels; and the potential relation between the DLLT and LAMP grading systems.

Relationship: Abdominal Surface EMG Activity and DLLT Grade Levels
Correlations between DLLT grade levels and URA, LRA, IO, and EO
percent maximal voluntary isometric contraction (%MVIC) ranged from 0.54 (IO)
to 0.72 (URA), indicating a moderate to good correlation.9
Relationship: Abdominal Surface EMG Activity and LAMP Grade Levels
Correlations between LAMP grade levels and URA, LRA, IO, and EO %
MVIC ranged from 0.26 (IO) to 0.72 (LRA), indicating a fair to good correlation.9
Relationship: Hip Resultant Joint Moments and DLLT Grade Levels
Correlations between DLLT grade levels and hip RJM was 0.90, indicating
a good to excellent correlation.9
Relationship: Hip Resultant Joint Moments and LAMP Grade Levels
Correlations between LAMP grade levels and hip RJM was 0.30,
indicating a fair correlation.9
Relationship: The DLLT and LAMP Grades
No significant correlation (p=0.23) was found between these two
abdominal strength tests, which suggests that these two tests may examine
different aspects of abdominal muscle performance.
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Moderate to good relations9 exist between abdominal muscle activity and
grades as described by the DLLT and LAMP, except for IO activity during the
LAMP (fair relation). A strong correlation existed between the hip RJM and the
DLLT, while there was a fair relation between hip RJM and the LAMP. Hip RJMs
were significant predictors of test level for both tests along with IO and LRA for
the DLLT and LAMP, respectively. Despite these finding, no correlation existed
between the two tests. This provides support for the use of both tests in the
clinical assessment of abdominal muscle performance, however further testing of
these assessments is necessary to further validate them in subjects with and
without pain and determine their responsiveness to change following training
over time.

SPECIFIC AIM 3
The third aim was to determine if the double limb lowering test (DLLT) and
lower abdominal muscle progression (LAMP) can detect a change in abdominal
muscle performance following spinal stabilization training. The LAMP was able to
detect a change in muscle performance following an eight week stabilization
based program targeting the general abdominal musculature in healthy adults.
However, the LAMP was not able to detect a change in muscle performance
following a specific exercise program. The DLLT was unable to detect a change
following either a general or specific exercise program in the same population.
These results provide evidence for the use of the LAMP in the clinical
assessment of abdominal muscle performance over time.
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SPECIFIC AIM 4
The final aim was to describe the effects of specific stabilizing exercises
versus general stabilizing exercises for persons with chronic LBP due to
instability, as well as, describe the usefulness of abdominal strength tests in this
population. A series of patient cases provides some evidence for the use of both
specific and general stabilization exercise programs, based on Richardson et
al.10-13 and McGill et al.,14-18 for the management of persons with chronic LBP
due to instability. Both pain and disability decreased following eight weeks of
stabilization exercise. There was a trend for improvement in abdominal muscle
performance regardless of exercise program as all subjects demonstrated an
improvement in one of the two abdominal muscle performance measures.
Abdominal muscle performance measures may be able to detect change in this
patient population following stabilization exercise intervention; however the
usefulness of these measures needs to be evaluated in larger studies.

CLINICAL IMPLICATIONS
The findings from these studies have several clinical implications. First,
stabilization exercises are effective for persons with chronic LBP, however they
are no more effective than other interventions such as exercise and manual
therapy. Second, there is support for the use of both the DLLT and the LAMP for
the examination of abdominal muscle performance as they have moderate to
good correlations with abdominal muscle surface EMG and hip RJMs.

The

LAMP is able to detect a change in muscle performance following abdominal
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muscle training, while the DLLT was not able to detect a change. Both specific
and general stabilization exercises are effective in the clinical management of
persons with chronic LBP due to instability. The DLLT and LAMP may be able to
detect changes in abdominal muscle performance in the same population
following stabilization exercise interventions.

LIMITATIONS
There are several imitations to the studies included in this dissertation.
The first study, a systematic review, only included studies published in English, in
which the possibility of study identification bias is present. 15 Our inclusion criteria
yielded only a small number of qualifying studies. Many of the systematic reviews
permitted lumbar stabilization exercises combined with other physical therapy
interventions in their inclusion criteria. Although it is common to integrate
interventions clinically, improvements cannot be solely attributed to the
stabilization portion of the intervention in these studies.
The second study used surface electrodes to detect abdominal muscle
performance, which may have detected both the transversus abdominis and
internal oblique muscles from the same electrode site. 16,

17

Additionally, no

subjects were able to obtain the highest grade for either the DLLT or LAMP,
however their peak EMG was used in determining the %MVIC for each grading
system level, including those they could not successfully complete without
excessive pelvic motion as measured by anterior superior iliac spine movement
(ASIS).
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The second through fourth studies analyzed movements of the ASIS in a
sagittal plane. Perhaps these findings may have been different if movement in
the transverse plane was assessed, especially for the LAMP as this test
incorporates single leg motions that may challenge control in this plane. Finally, it
was assumed that 2.54cm would equate to the amount of movement of the ASIS
that a clinician might detect manually. This hypothesis needs to be further tested.
In addition, the third study had a small sample size and the fourth was a case
series.

FUTURE RESEARCH
The prevalence of LBP is rising at alarming rates. Stabilization exercises,
both specific and general, are effective interventions for reducing the activity
limitations and participation restriction common to persons with chronic LBP.
Based on the first and fourth study, future research should focus on
homogeneous groups of people with LBP based on valid classification systems.
This is necessary for comparing interventions so that the most effective and
efficient ones can be implemented in patient care. The case series could easily
be modified for a large clinical trial to test whether or not there is a benefit of
specific over general stabilization exercise programs. Based on the third and
fourth studies, the DLLT and LAMP may be able to detect the changes in
abdominal muscle performance following exercise interventions. These could be
further assessed in the same clinical trial described previously. Based on the
second through fourth studies, further validation of the DLLT and LAMP is
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needed. This includes determining whether or not these measures may be
related to activity limitations, and participation restriction associated with chronic
LBP. A study could be performed with subjects with chronic LBP using similar
methods as those in the second study and determining if correlations exist
between pain levels, standardized outcome measures, and abdominal muscle
performance as measured by the DLLT and LAMP. Additionally, the assumption
that clinicians can manually detect 2.54cm of ASIS movement needs to be
validated, and clinician, rather than computer, measured performance needs to
be validated in a novel study.

FINAL CONCLUSIONS
The studies included in this dissertation showed that:


Stabilization exercises, both specific and general, are effective in
decreasing pain and disability in persons with chronic low back pain,
especially those with instability.



The DLLT and LAMP correlate with abdominal muscle activity and
external hip resultant joint moments.



The LAMP is more effective than the DLLT in detecting change following
general stabilization training.



The DLLT and LAMP do not correlate well with one another suggesting
that they might measure different aspects of abdominal muscle
performance.
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Appendix A
Informed Consent Form for Biomedical Research
The Pennsylvania State University

Title of Project:
Muscle

An Electromyographic and Kinematic Analysis of Abdominal
Activity during Abdominal Strength Tests

Principal Investigator:

Douglas Haladay, PT, DPT, MHS, OCS
1850 Becks Crossing Road
Madison Township, PA 18444
Email: deh26@psu.edu
Telephone number: 570-842-3252

Advisor:

Craig R. Denegar, PT, PhD, ATC
Athletic Training and Sports Medicine, Kinesiology Department
The Pennsylvania State University
146 Recreation Building
University Park, PA 16802
Email: crd4@psu.edu
Telephone number: 814-865-2725

University of Scranton:

Barbara Wagner, PT, DPT, MHA
Department of Physical Therapy
University of Scranton
800 Linden Street
Scranton, PA 18510-4586
Email: wagnerb1@scranton.edu
Voice: (570) 941-7936

1.

Purpose of the study: The purpose of this research is to compare three tests of
abdominal strength. Forty subjects will be selected for this study.

2.

Procedures to be followed: You will be weighed and your height will be taken.
Electrodes (a dime sized disc with an adhesive back) will be placed on your abdomen for
the purpose of recording electrical activity of your abdominal muscles. This may require
shaving of any hair, light rubbing of the electrode sites with a preparation pad containing
pumice and alcohol. Then, markers will be attached to your abdomen, hips, and legs with
adhesive tape. A video camera will be used to record movement of the markers and your
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legs. You will then perform 3 muscle contractions similar to a sit up with your shoulders
stabilized so that no actual movement will be allowed. A one minute rest will be given
between the three trials. You will then be asked to raise your legs with your knees
straight and lower them slowly to the table 3 times. A one minute rest will be given
between the 3 trials. A five minute rest will be given prior to proceeding on to the next
test. For the next series of tests, you will start lying on your back with your knees bent 90
degrees. During each test position, you will be instructed to contract your abdominal
muscles by pulling your navel toward your spine and then perform leg movements such
as bending your hip to your chest, straightening your knee, and sliding your foot to
extend your leg on the table. Again, 3 trials will be performed with a one minute rest
between trials. During all tests, you will be videotaped for further analysis of movement.
The video tapes will be stored at the University of Scranton and will be accessible by
Douglas Haladay and Barbara Wagner. Recordings may be used for publications or
presented at conferences, however faces will be blurred. Videotapes will be permanently
destroyed by 2011, and then discarded.
3.

Discomforts and risks: Discomfort or risks may include skin irritation from skin
preparation and/or adhesives used to hold electrodes and the markers in position.
Additionally, it is common for some individuals to feel muscle tiredness or soreness one
to two days following exertion of these muscles.

4.

Benefits: This study will not personally benefit the subjects who volunteer to participate.
The benefits to society include the validation and development of abdominal strength
tests that are used by clinicians (such as physical therapists, and athletic trainers) for the
evaluation of clients.

5.

Duration/time of the procedures and study: Subjects will be tested during one session
that will last approximately 1 to 2 hours.

6.

Alternative procedures that could be utilized: Alternative procedures to measure
abdominal muscle function include diagnostic ultrasound imaging and/or a device that
measures force output. Diagnostic ultrasound is a non-invasive medical imaging
technology that uses high frequency sound waves to form an image of body tissues.
However, the use of the equipment described in the procedure is more appropriate to
obtain the information needed to compare the three abdominal strength tests.

7.

Statement of confidentiality: All participant records will be held confidential. The
primary investigator will have access to participants’ identity and access to the data. Only
those research personnel who have been approved for this research will have access to the
identifiable data records. The following may review and copy records related to this
research: The Office of Human Research Protections in the U.S. Department of Health
and Human Services, the Food and Drug Administration (if applicable) Penn State
University’s Biomedical Institutional Review Board, and Penn State University’s Office
for Research Protections.
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8.

Right to ask questions: You can ask questions about this research. Contact Douglas
Haladay at 570-842-3252 with questions or if you feel this study has harmed you. You
can also call this number if you have complaints or concerns about the research. If you
have questions about your rights as a research participant contact The Pennsylvania State
University’s Office for Research Protections at (814) 865-1775.

9.

Payment for participation:
research.

10.

Voluntary participation: Your decision to be in this research is voluntary. You can stop
at any time. You do not have to answer any questions you do not want to answer. Refusal
to take part in or withdrawing from this study will involve no penalty or loss of benefits
you would receive otherwise.

No compensation is available for participation in this

11.
Injury Clause: In the unlikely event you become injured as a result of your participation
in this study, medical care is available. It is the policy of this institution to provide neither
financial compensation nor free medical treatment for research-related injury. By signing this
document, you are not waiving any rights that you have against The Pennsylvania State
University for injury resulting from negligence of the University or its investigators.
You must be 18 years of age or older to take part in this research study.
If you agree to take part in this research study and the information outlined above, please
sign your name and indicate the date below.
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Options for Recording:
I do not give my permission to be (audio/digitally, or video) taped.
I give my permission to be (audio/digitally, or video) taped.
IF YOU AGREE TO BE RECOREDED, PLEASE CHOOSE TWO OF THE
FOLLOWING FOUR OPTIONS:
I AGREE that segments of the recordings made of my participation in this
research may be used for conference presentations.
I DO NOT WANT segments of the recordings made of my participation in this
research to be used for conference presentations.
I AGREE that segments of the recordings made of my participation in this
research may be used for education and training of future
researchers/practitioners.
I DO NOT WANT segments of the recordings made of my participation in this
research to be used for education and training of future
researchers/practitioners.
You will be given a copy of this signed and dated consent for your records.

______________________________________________
Participant Name (Please Print)

______________________________________________
Participant Signature

_____________________
Date

______________________________________________
Person Obtaining Consent

_____________________
Date
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Appendix B
Informed Consent Form for Biomedical Research
The Pennsylvania State University

Title of Project:

Comparison of Local versus General Stabilization Exercises for
Low Back Pain due to Instability: A Randomized Controlled
Trial

Principal Investigator:

Douglas Haladay, PT, DPT, MHS, OCS
1850 Becks Crossing Road
Madison Township, PA 18444
Email: deh26@psu.edu/haladayd2@scranton.edu
Telephone number: 570-941-6745 (w); 570-842-3252 (h)

Advisor:

Nicole McBrier, PhD, ATC
Athletic Training and Sports Medicine, Kinesiology Department
The Pennsylvania State University
146 Recreation Building
University Park, PA 16802
Email: nmm13@psu.edu
Telephone number: 1-814-863-9732

1.

2.

Purpose of the study: The purpose of this research is to evaluate the effectiveness of
two different types of abdominal (stomach) strengthening exercises for persons with low
back pain (LBP) due to unsteadiness. Both of these exercise programs have been shown
to be effective in reducing pain in persons with LBP. Additionally, those without LBP
will be solicited to participate in the program as a comparison group.
Procedures to be followed and selection of participants:
THOSE WITH LBP: Subjects will be examined by their primary physical therapist to
determine if they are eligible for this study. This information will be reviewed by the
principal investigator who makes the final decision for participant selection. Further
testing will take place in the motion analysis laboratory in McGurrin Hall, University of
Scranton, while the guided exercise will take place at the clinic where your physical
therapist works.
THOSE WITHOUT LBP: Subjects will be screened by the principal investigator to
determine if they are eligible for this study. PLEASE NOTE: Participants without
LBP will be asked to participate in all activities outlined in this document with the
exception of those events that occur with the participant’s primary physical
therapist.
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3.

4.
5.

(A) Pre-Test and Post-Test: (Prior to, during, and following the exercise program.)
 You will be weighed and your height will be taken.
 Skin-fold measurements will also be taken in which the skin over the abdomen
will be gently pinched and measured for thickness.
 Electrodes (a dime sized disc with an adhesive back) will be placed on your
abdomen for the purpose of recording electrical activity of your abdominal
muscles. This may require shaving of any hair, light rubbing of the electrode sites
with a preparation pad containing pumice, and an alcohol pad.
 Markers will be attached to your stomach, hips, and legs with adhesive tape. A
video camera will be used to record movement of the markers and your legs.
 You will be asked lie on your back with your knees bent and perform 3
abdominal muscle contractions each for abdominal hollow (pulling your navel
toward your spine) and lifting both legs simultaneously. A one minute rest will
be given between the three trials.
 You will be asked to raise your legs with your knees straight and lower them
slowly to the table 3 times. A one minute rest will be given between the 3 trials.
A five minute rest will be given prior to proceeding on to the next test.
 For the next series of tests, you will start lying on your back with your knees bent
90 degrees. During each test position, you will be instructed to contract your
abdominal muscles by pulling your navel toward your spine and then perform leg
movements such as bending your hip to your chest, straightening your knee, and
sliding your foot to extend your leg on the table. Again, 3 trials will be performed
with a one minute rest between trials.
(B) Exercise program:
 You will be assigned to one of two exercise groups in which you will be asked to
participate 2-3 times per week for up to 8 weeks in exercises guided by a
physical therapist.
 You will be asked to perform a daily home exercise program at least 5 times per
week.
 You will be asked to track your home exercise program in an exercise log.
Exercises will be designed to strengthen the muscles in your abdomen and low
back. These exercises are traditionally part of the usual care for persons with low
back pain.
 Your physical therapist may choose to use heat or ice during your care as they
deem fit.
 Additionally, your physical therapist will perform a re-examination every 4
weeks, which is usual practice.
Review of physical therapy medical record: Your physical therapy chart, if applicable,
may be reviewed by your primary physical therapist to determine if study guidelines are
prescribed accurately and/or reasons for unexpected outcomes.
Payment for participation: No compensation is available for participation in this
research.
Discomforts and risks: Discomfort or risks may include skin irritation/redness from
skin preparation and/or adhesives used to hold electrodes and the markers in position and
should resolve within a few hours. Additionally, it is common for some individuals to
feel muscle tiredness or soreness one to two days following exertion or exercises for
these muscles, especially at the beginning of the program.
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6.

7.

8.

9.

10.

11.

12.

Benefits: This study may benefit the subjects with back pain who volunteer to
participate by reducing the pain and disability associated with low back pain. The
benefits to society include the validation and development of abdominal strength tests
that are used by clinicians (such as physical therapists, and athletic trainers) for the
evaluation of clients.
Duration/time of the procedures and study: Testing will last approximately 1 to 2
hours (3 sessions). Guided exercise sessions will last approximately 1 hour, while home
exercises will last approximately ½ hour each. You will be asked to participate in guided
exercises up to 8 weeks; however, discharge from physical therapy, when applicable,
may be indicated prior to this time. (i.e. pain has resolved.) This study will request a total
of approximately 39 to 50 hours of participation over an 8-week period.
Alternative procedures that could be utilized: Alternative procedures to measure
abdominal muscle function include diagnostic ultrasound imaging and/or a device that
measures force output. Diagnostic ultrasound is a non-invasive medical imaging
technology that uses high frequency sound waves to form an image of body tissues.
However, the use of the equipment described in the procedure is more appropriate to
obtain the information needed to compare the three abdominal strength tests. The
exercises prescribed in this study have been shown to be effective for persons with LBP
due to instability. These exercises are considered the standard of care for persons with
low back pain due to instability.
Statement of confidentiality: All participant records will be held confidential. The
primary investigator will have access to participants’ identity and access to the data. Only
those research personnel who have been approved for this research will have access to the
identifiable data records. The medical record may be reviewed by the subject’s primary
physical therapist as mentioned under number 2. The following may review and copy
records related to this research: The Office of Human Research Protections in the U.S.
Department of Health and Human Services, the Food and Drug Administration (if
applicable) Penn State University’s Biomedical Institutional Review Board, and Penn
State University’s Office for Research Protections.
Right to ask questions: You can ask questions about this research. Contact Douglas
Haladay at 570-842-3252 with questions. You can also call this number if you have
complaints or concerns about the research. If you have questions about your rights as a
research participant, contact The Pennsylvania State University’s Office for Research
Protections at (814) 865-1775.
Voluntary participation: Your decision to be in this research is voluntary. You can stop
at any time. You do not have to answer any questions you do not want to answer. Refusal
to take part in or withdrawing from this study will involve no penalty or loss of benefits
you would receive otherwise.
Injury Clause: In the unlikely event you become injured as a result of your participation
in this study, medical care is available. It is the policy of this institution to provide neither
financial compensation nor free medical treatment for research-related injury. By signing
this document, you are not waiving any rights that you have against The Pennsylvania
State University for injury resulting from negligence of the University or its investigators.
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You must be 18 years of age or older to take part in this research study.
If you agree to take part in this research study and the information outlined above, please
sign your name and indicate the date below.
You will be given a copy of this signed and dated consent for your records

______________________________________________
Participant Name (Please Print)

______________________________________________
Participant Signature

_____________________
Date

______________________________________________
Person Obtaining Consent

_____________________
Date

---------------------------------------------------------------------------------------------------------------------
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HIPAA Consent
****FOR THE PHYSICAL THERAPY PATIENTS ONLY****
Health information about you will be collected because you are a part of this research study. By
signing this form, you are allowing the people and groups that are listed in the previous document to
use your health information, but only to use it within this research. You are also allowing these
groups to share your health information with other specific groups for their use within this research
study. Your information will only be used as explained in this consent form or when required by
law.
The research team may use the following sources of health information:
 Name
 Age
 Diagnosis
 History
 Examination
 Daily Treatment Notes
 Home exercise program
 Home exercise log
 Outcomes: Specific Questionnaires (Oswestry, Fear Avoidance Belief
Questionnaire, and Visual Analog Scale)
However, there may be other health information that is not listed here. Your health information may
be used or shared with other specific people or groups in connection with this research study.
Research records that identify you will be kept confidential as required by law. You will not be
identified by name, social security number, address, phone number or any other direct personal
identifier in research records given to someone outside of The Pennsylvania State University (PSU),
except when required by law. For records shared outside of PSU, you will be assigned a code
number. The list that matches your name with the code number will be kept in a locked file in Dr.
Haladay’s office.
Representatives of the following people/groups are allowed to use and share your health information
with other specific groups in connection with this research study:
 The principal investigator, Douglas Haladay.
 The Biomedical Institutional Review Board at Penn State University
 The Office for Research Protections, Penn State University
The people or groups listed in the above paragraph may share your health information with the
following persons and organizations outside PSU for their use in connection with this research study:
 The Office of Human Research Protections in the U. S. Department of Health and
Human Services
Once your health information has been disclosed to anyone outside of this study, the information
may no longer be protected under this authorization.
Your permission for the use and sharing of your health information will continue indefinitely.
Any research information in your medical record will be kept indefinitely.
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The research-related therapy cannot be provided unless you allow the use and sharing of your
protected health information that is collected during your participation in this research study.
If you wish to participate in this research, your signature on this form is needed. If you do not want
to participate, you will continue to receive standard medical care and/or physical therapy, if
applicable.
You are free to withdraw your permission for the use and sharing of your health information, but you
must do this in writing as indicated in the PSU Privacy Notice. If you do decide to withdraw, we ask
that you contact Dr. Haladay in writing and let him know that you are withdrawing from the research
study. His mailing address is Douglas Haladay, DPT University of Scranton, Scranton, PA
18510.
If you revoke (withdraw) your permission, we will no longer use or share medical information about
you for the reasons covered by this written authorization, except when the law allows us to continue
using your information. We are unable to take back anything we have already done or shared with
your permission, and we will keep our records of the care that we provided to you as part of your
medical record.

____________________________________________
Participant Name (Please Print)

______________________________________________
Participant Signature

_____________________
Date

______________________________________________
Person Obtaining Consent

_____________________
Date
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NAME
ADDRESS
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EMAIL
EDUCATION
DATE
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2003
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Kinesiology
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2010-Present Asst. Professor
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Instructor
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Visiting Lecturer
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Doctorate of Philosophy (c)
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