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Abstract
Objectives—Lumbar flexion-relaxation is a well-known phenomenon that can reliably be seen
in normal subjects, but not in most chronic low back pain (CLBP) subjects. No previous studies
have investigated any specific clinical intervention designed to correct abnormal flexion-
relaxation. The objective of the current study was to evaluate the contribution of a surface EMG-
assisted stretching (SEMGAS) biofeedback training protocol, within a functional restoration
treatment program, on flexion range of motion (ROM) and erector spinae surface EMG (SEMG)
during maximum voluntary flexion (MVF).

Methods—Lumbar flexion ROM and MVF SEMG were assessed in two groups of CLBP
patients at the beginning and end of rehabilitation. One group participated in functional restoration
only, while the other group participated in functional restoration plus SEMGAS biofeedback
training. Both treatment groups were compared to a separate control group of normal, pain-free
subjects.

Results—Pre-treatment ROM and MVF SEMG measures were similar in both treatment groups,
but were very different than the control group. At post-treatment, the functional restoration only
group remained statistically different than the control group on MVF SEMG and some ROM
measures, but the SEMGAS group was statistically equivalent to the control subjects on all post-
treatment measures, including the ability to demonstrate flexion-relaxation.

Discussion—Interdisciplinary functional restoration rehabilitation of CLBP subjects is effective
for increasing ROM and other functional measures, but the addition of a SEMGAS biofeedback
training protocol can result in normalization of the flexion-relaxation phenomenon, so that these
subjects are comparable to a pain-free control group.
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Introduction
Flexion-relaxation refers to a stereotypical pattern of muscle activity in which the lumbar
muscles relax at the end range of trunk flexion. This pattern of relaxation during maximum
voluntary flexion (MVF) is demonstrated by most normal, pain-free subjects, but is often
absent in chronic low back pain (CLBP) subjects.1-7,11-12,39-40 Measures of FR have been
shown to successfully distinguish between CLBP subjects and controls.7 Studies have also
demonstrated that abnormal flexion-relaxation patterns can be improved within physical
therapy,9 chronic pain management,10 and functional restoration6,8 treatment programs. In
addition, positive treatment changes in flexion-relaxation patterns have been shown to be a
sign of clinical improvement in self-efficacy beliefs, fear avoidance beliefs,10 pain, and
function.8 No previous studies have investigated clinical interventions designed specifically
to correct abnormal flexion-relaxation patterns in chronic low back pain subjects.

In assessing absolute root mean square SEMG values with an empirically derived cut-off
score during MVF, Neblett and colleagues6 have previously demonstrated that functional
restoration treatment was effective in correcting abnormal flexion-relaxation patterns in 32
of 34 chronic low back pain subjects who completed the treatment program. About 30% of
the subjects demonstrated flexion-relaxation (e.g., MVF SEMG below the target cutoff
score) at the beginning of treatment, and 94% demonstrated flexion-relaxation at the end of
the treatment program. With regard to cut-off scores, it should be pointed out that 3.2 μV
was used in this original study. 6 As a result of further empirical investigation, and the
inclusion of additional control subjects, 3.5 μV was determined to be the best cutoff point
for determining flexion-relaxation in the current cohort.8 Embedded in the functional
restoration treatment program for the Neblett et al6 cohort was a SEMG-assisted stretching
(SEMGAS) biofeedback protocol. The treatment goal of SEMGAS is to “down-train”
elevated muscle activity during a target stretch below a threshold (e.g. 3.5 μV). Other
authors have reported using similar SEMG thresholds, ranging from 2.0 μV to 3.5 μV,
depending on the muscle sites being measured and the assessment procedure or biofeedback
training protocol utilized.13-15 The SEMGAS protocol was developed to address movement
inhibition in CLBP patients by teaching them how to relax the lumbar muscles during trunk
flexion so that maximum stretch effectiveness and normal ROM can be achieved.16-18

SEMGAS has become a standard part of functional restoration in our center and has been
expanded to address inhibited stretching with other joints, such as necks, knees, hips,
shoulders, and wrists. However, it has not yet been systematically evaluated.

The goals of this present investigation, therefore, were to evaluate the clinical effectiveness
of a SEMGAS biofeedback treatment protocol with CLBP patients in a functional
restoration program; to compare lumbar flexion ROM and MVF SEMG outcome measures
with a pain free control group; and to determine if SEMGAS was more effective than
functional restoration only in normalizing flexion-relaxation and ROM post-treatment.

Materials and Methods
Subjects

A group of 140 CLBP patients, with compensable occupational lumbar injuries with
worker's compensation claims consented to, and were enrolled in, an interdisciplinary
functional restoration rehabilitation program. They were evaluated at the beginning of
treatment with a standard SEMG and ROM assessment protocol. All patients were referred
to treatment due to CLBP and disability resulting from their work-related injuries. The
average length of disability was 23.2 months upon admission to the program. The average
age of the patients was 42.8 years, with 61% being male. Patients participated in one of two
treatment groups: functional restoration treatment only (N=36); or functional restoration
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plus a surface EMG-assisted stretching (SEMGAS) biofeedback training protocol (N=104).
The treatment groups were formed by two cohorts of patients with compensable lumbar
injuries who were admitted consecutively into the functional restoration treatment program
within two separate time periods. Group assignment was based solely on the specific time
period that each subject entered the treatment program. Patients in the functional restoration
only group participated in all aspects of treatment, including SEMG biofeedback training for
relaxation and stress management, but did not participate in the specific SEMGAS
biofeedback training protocol to teach lumbar relaxation during trunk flexion. The
functional restoration staff, except for the lead investigator who provided the biofeedback
training, was unaware that a functional restoration only experimental group had been
created, and was therefore blinded to group assignment of the patient cohort.

Twenty-four SEMGAS patients and 9 functional restoration only patients failed to complete
the functional restoration treatment program due to issues such as non-compliance, so ROM
and SEMG measures were assessed only at pre-treatment. Also, four patients who
completed the treatment program were not assessed at post-treatment due to scheduling
issues. In addition, 6 patients received functional restoration only within the consecutive
SEMGAS cohort group, and 3 patients received SEMGAS within the consecutive functional
restoration only cohort group. These 13 subjects were therefore eliminated from post-
treatment analyses. This resulted in 94 patients who completed the prescribed course of
treatment and were retested with the identical protocol at the conclusion of the functional
restoration program, including 23 in the functional restoration only group and 71 in the
SEMGAS group. There were no significant differences between the subjects included, and
the subjects excluded, from the post-treatment analysis in terms of demographics, ROM, or
SEMG measures.

In addition to the CLBP patients, a group of 30 asymptomatic control group subjects were
recruited among PRIDE staff and colleagues. All control subjects had no history of low back
pain over the prior one year, no prior low back disability, no previous low back surgery, and
no evidence of a gross scoliosis curve that might alter myoelectric behaviors. They were
measured with the identical SEMG and ROM methodology as the treatment subjects. Basic
demographic data for both treatment subjects and controls are included in Table 1. There
were no significant demographic differences between the functional restoration only group
and the SEMGAS group. The control group was significantly younger as compared to the
two treatment groups.

Assessment Procedure
A standard methodology was used for electrode placement and SEMG and ROM
measurements.19 The skin was cleaned with an alcohol swab, and silver-silver chloride
electrodes from Noromed (1 cm. in diameter and spaced 2 cm. apart) were placed vertically
on the left and right erector spinae muscles at L3, approximately 2 cm. from the midline. To
help eliminate movement artifact, the electrode style was a recessed design, so that the
electrode surface did not touch the skin, but only made contact with the electrode gel. To
prevent electrode slippage during full flexion, subjects were asked to bend forward with
hands on knees during attachment of the electrodes. A physical therapist noted bony
landmarks and produced skin marks at the point of manual application of inclinometers at
T12 and the sacrum.

Patients and control subjects were given standardized instructions for data collection. They
were asked to: stand comfortably with arms to their sides and to look straight ahead with
eyes level; then to bend forward into full flexion with knees straight and to let their arms and
upper body “hang loose and dangle freely” and to allow their backs to “relax completely;”
and then to return to standing. The experimenter demonstrated proper form and speed of
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movement of the trunk flexion test. The timing of flexion and re-extension was verbally
guided by the experimenter. Some researchers have recommended strict timing of the
flexion and re-extension movements with a metronome.4 We used a metronome to time each
subject's movement in previous research6 but found that this timing procedure sometimes
confused subjects and interfered with performance. Therefore, strict timing of the movement
was abandoned during the present study. After two or more practice trials to make sure that
the proper form was used, statistical analysis was performed on the next subsequent clean
trial (proper form and no electrode slippage or other noticeable artifact in the SEMG
reading). If any signal problems were observed, the source of artifact was identified and
corrected (such as replacing electrodes) and additional trials were performed until a clean
reading was achieved. Five specific SEMG measures were taken, including a 10-second
standing mean, the maximum SEMG during the flexion movement, approximately 2 seconds
of mean SEMG during maximum voluntary flexion, the maximum SEMG during re-
extension, and approximately 10 seconds of recovery following a return to standing. During
flexion trials, a physical therapist held inclinometers at T12 and the sacrum and recorded
degrees of movement using a standard two-inclinometer technique, in which pelvic motion
(measured from the sacrum) was subtracted from the gross motion (measured from T12) to
determine true lumbar motion.20-21

SEMG readings were recorded with a Procomp+ biofeedback system (Thought Technology
Ltd., Montreal, Quebec). A root mean squared rectified SEMG signal, with a frequency
response of 20-500 Hz, was averaged by .5 seconds to smooth the signal and was presented
in the form of a numeric display and a line graph to the experimenter. For each
measurement, microvolt (μV) levels from the left and right side electrodes were averaged to
obtain a single mean SEMG μV number.

Treatment Procedure
Functional restoration is an intensive interdisciplinary program designed to rehabilitate
patients with disability and functional restrictions due to chronic pain.22-25 Patients typically
attend treatment between two and five days per week over two or more months for a total of
160 to 240 hours, depending on the severity of their disability and deconditioning. The
primary treatment goal is to help patients regain normal functioning so that they can more
successfully participate in whole-person activities of daily living, including employment.
Objective measures of physical deconditioning, including ROM, strength, and
cardiovascular testing, are performed pre- and post-treatment, as well as periodically during
treatment to assess progress. Patients participate in gradually intensified physical exercise,
including daily group and individual stretch training (with an emphasis on lumbar ROM for
CLBP patients) to help regain mobility, strength, and endurance in the injured “weak link”
musculoskeletal area, as well as improving cardiovascular performance. In addition, patients
participate in educational classes, cognitive behavioral counseling, biofeedback, relaxation,
and stress management training, and multi-modal disability management. Most patients
ultimately experience a reduction in pain and improvement in function, with measured
socioeconomic outcomes persisting 1-2 years later, which have been well-demonstrated in
the scientific literature.23,25,26-37

The SEMG-assisted stretching biofeedback protocol is designed to help chronic pain
patients overcome pain and fear-related movement inhibition.16-18 This treatment protocol
involves the following steps:

• Biofeedback assessment graphs, showing elevated SEMG during the target stretch,
are reviewed with the patient. Rationale for stretching a relaxed muscle vs.
stretching a contracted muscle is explained.
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• Fear of pain and/or re-injury with stretching is evaluated and addressed with
supportive re-assurance, cognitive behavioral intervention, and diagnostic evidence
of the structural integrity of the patient's spine.

• Specific strategies for achieving muscle relaxation during the target stretch are
provided, including verbal cues, demonstration of proper technique, and focus on
breathing and “letting go” with each exhale.

• Stretching trials are performed with visual and/or auditory SEMG feedback, with
the training goal of relaxation below 3.5 μV.

• Frequent follow-through outside of treatment is recommended, and success with
relaxed stretching is re-evaluated in subsequent sessions.

Statistical materials
In all statistical analyses, gross and true lumbar ROM were corrected by eight degrees per
fusion level for those patients with lumbar fusions, as has been recommended previously.6
Differences among the SEMGAS group, the functional restoration only group, and the pain-
free control group were evaluated using one-way ANOVA tests and Tukey's correction for
multiple comparisons. Next, differences from pre- to post-treatment were analyzed using an
ANOVA with repeated measures, with Bonferroni's correction for multiple comparisons.
For an alpha of .05 and power of .80, a sample size of 87 would be required for a medium-
large effect size, and a sample size of 48 would be required for a large effect size. As the
results show, we had more than adequate power to detect medium-large to large effect sizes.
38

Results
Table 2 shows the pre-treatment measures for both treatment groups and for the control
group on SEMG levels during maximum voluntary flexion (MVF) and on gross, pelvic, and
true lumbar ROM. Significant differences were found among groups for MVF SEMG, (p < .
001), gross ROM, (p < .001), pelvic ROM, (p < .001), and true ROM, (p < .001). Post-hoc
testing using the Tukey correction for multiple comparisons revealed that MVF SEMG and
ROM measures were significantly better in the pain-free control group when compared with
either treatment group. There were no significant differences in MVF SEMG and ROM
measures between the two treatment groups.

Table 3 presents the post-treatment measures for both treatment groups and for the control
group. Differences among the groups at post-treatment were significant for MVF SEMG, (p
< .001), gross ROM, (p < .001), and pelvic ROM, (p = .003). Post-hoc testing, using the
Tukey correction for multiple comparisons, showed that MVF SEMG and ROM measures in
the functional restoration only group were significantly worse when compared with both the
SEMGAS group and the control group. No significant MVF SEMG or ROM differences
were found between the SEMGAS group and the control group at post-treatment.

Table 4 shows changes in ROM and MVF SEMG measures from pre- to post-treatment for
each of the two treatment groups. Both groups improved significantly from pre-treatment to
post-treatment on MVF SEMG, (p < .001), gross ROM, (p < .001), pelvic ROM, (p < .001),
and true ROM, (p < .001). Interactions between treatment group and time were significant
for the MVF SEMG, (p =.050), indicating that the SEMGAS group improved significantly
more on these measures than the functional restoration only group.

Table 5 presents the number and percentage of treatment subjects who demonstrated
flexion-relaxation (e.g., MVF SEMG < 3.5 μV). Only subjects who completed the full
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course of functional restoration treatment are represented in this table. At pre-treatment, 4
(17%) of the functional restoration only subjects, and (24) 34% of the SEMGAS subjects,
achieved flexion-relaxation. At post-treatment, 6 (26%) of the functional restoration only
subjects, and 61 (86%) of the SEMGAS subjects, achieved flexion-relaxation.

Thirty-seven of the 47 subjects in the SEMGAS group, who failed to demonstrate flexion-
relaxation at the pre-treatment measure, were able to achieve flexion-relaxation (MVF
relaxation below 3.5 μV) within an average of 2.4 biofeedback training sessions, with a
standard deviation of 1.4. Some patients required up to 6 sessions before consistently
achieving flexion-relaxation (See the bottom of table 1). The number of biofeedback training
sessions was determined by each individual's success with achieving flexion-relaxation. Ten
of these 47 SEMGAS subjects were unable to achieve flexion-relaxation despite multiple
training sessions. The 24 subjects in the SEMGAS group who did demonstrate flexion-
relaxation at the pre-treatment measure received one or two sessions of instruction and
practice with lumbar SEMG biofeedback during the treatment program.

Discussion
It has been well-documented that CLBP patients tend to show abnormal flexion-relaxation
patterns.1-4,7,11-12,39-40 It has also been demonstrated that abnormal flexion-relaxation is
generally associated with limited flexion ROM at MVF, and that improvements in ROM in
CLBP patients may be correlated with correcting abnormal flexion-relaxation.6,8,18 In
addition, positive changes in flexion-relaxation, in response to treatment of CLBP, have
been associated with increased self-efficacy beliefs and decreased fear avoidance beliefs10

and improvements in self-reported pain and functional outcomes. 8

The results of the present study confirm that abnormal flexion-relaxation patterns in CLBP
patients can be improved with functional restoration treatment and can be normalized in
most subjects with the addition of SEMGAS. In the present cohort, both SEMGAS and
functional restoration only groups were significantly worse than the control group on
maximum voluntary flexion (MVF) SEMG and all lumbar flexion ROM measures at pre-
treatment. Both treatment groups, though, made significant improvements in MVF SEMG
and flexion ROM from pre- to post-treatment, although the SEMGAS group showed
significantly more improvement in MVF SEMG compared with the functional restoration
only group. At post-treatment, the functional restoration only group remained significantly
different than the control group in MVF SEMG and gross and pelvic ROM, but no
significant differences were found between the SEMGAS group and the control group on
MVF SEMG or any of the ROM measures. Two previous studies have shown significant
improvement in flexion-relaxation patterns following rehabilitation.9,10 However, only
treatments which have included SEMGAS, including Neblett, et al,6 Mayer et al,8 and the
present study, have demonstrated that abnormal flexion-relaxation patterns can be corrected,
so that post-treatment MVF SEMG levels are comparable to a pain-free control group.
When looking at individual patients who completed the full course of treatment, the number
of SEMGAS subjects who achieved flexion-relaxation increased from 35% at pre- to 86% at
post-treatment, while the functional restoration only subjects showed less improvement,
from 17% at pre- to 26% at post-treatment. Without the specific SEMGAS training
component, CLBP patients may achieve normal true lumbar flexion ROM, but are unlikely
to achieve normal lumbar muscular relaxation at MVF or normal hip (pelvic) flexion ROM.

There is no consensus on why CLBP subjects tend to demonstrate abnormal flexion-
relaxation patterns, but fear-avoidance has been implicated as a primary factor.7,9 The fear-
avoidance model of chronic pain asserts that fear of pain leads to a cycle of decreased
physical activity and increasingly exaggerated pain perception. As chronic pain develops,
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pain behavior becomes less a reaction to nocioceptive pain signals and more of a fear-
avoidance response to prevent further pain.42 Within this model, abnormal flexion-
relaxation can theoretically develop as an initial fear-avoidance reaction to pain following an
injury and, over time, become a non-voluntary habitual pattern. It is our clinical experience
that inhibited CLBP patients, who demonstrate abnormal flexion-relaxation, are often
unaware that they are contracting their lumbar muscles during MVF. There is evidence to
support the tendency of chronic pain subjects to be poor judges of muscle tension levels. 43

Many patients seen in functional restoration treatment have great difficulty overcoming fear-
avoidance beliefs, which can result in movement inhibition, guarded stretching technique,
and abnormal flexion-relaxation patterns. The SEMGAS treatment protocol directly
addresses fear-avoidance issues and habitual inhibition in the following ways: it
demonstrates to the subject that he or she is indeed inhibiting movement (whether the
subject is aware of this or not); it provides a rationale for learning to reduce inhibition and
increase relaxation during stretches; and it provides a training tool (SEMG biofeedback) for
creating positive clinical changes.

Although standard functional restoration treatment of CLBP subjects is effective for
increasing lumbar flexion ROM and for improving MVF SEMG levels, the addition of a
SEMGAS biofeedback training protocol can result in normalization of the flexion-relaxation
phenomenon, so that these subjects are comparable to a pain free control group. The
limitations of this study, and the conclusions that can be drawn from it, include a lack of
proper randomization, unequal sample sizes, and the potential bias of having the same
researcher involved with both assessment and treatment. Future research should investigate
whether SEMGAS biofeedback training alone, or in other rehabilitation settings other than
functional restoration, can be effective for correcting abnormal flexion-relaxation patterns.
The effect of prior spinal surgeries on the flexion-relaxation phenomenon, treatment
outcomes, and the effectiveness of SEMGAS training, also warrants further study.
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Table 1

Demographic data of the three groups

Values SEMG-Assisted Stretching (N=104) Functional
Restoration Only

(N=36)
Control group (N=30) P

Age (mean/SD) 44.3 (10.0) 42.7 (10.1) 37.6 (9.3) .005

Gender (% male) 58 % (n=60) 72% (n=26) 53% (n=16) NS

Race (%)

 Caucasian 54% (n=56) 50% (n=18) 80% (n=24) NS

 African-American 27% (n=28) 25% (n=9) 10% (n=3)

 Hispanic 11% (n=11) 19% (n=7) 6.7% (n=2)

 Asian 1% (n=1) 0 (n=0) 3% (n=1)

 Other 4% (n=4) 3% (n=1) 0 (n=0)

 Not answered 4% (n=4) 3% (n=1) 0 (n=0)

Length of Disability in Months (mean/SD) 23.8 (27.5) 21.4 (23.4) NA NS

Pre-treatment Surgery (%)

 Spinal fusion 31% (n=32) 25% (n=9) NA NS

 Lumbar spine surgery other than fusion 18% (n=19) 22% (n=8) NS

Completion Status (%) 77% (n=80) 75% (n=27) NA NS

Number of SEMGAS

 Sessions (for those patients who failed to
demonstrate FR at pre-treatment)

 Mean (SD) 2.42 (1.4) NA NA

 Median 2 NA NA

 Range 1-6 NA NA
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Table 2

Group means and standard deviations at pre-treatment for surface EMG (μV RMS) and degrees of lumbar
range of motion during maximum voluntary flexion with comparison to control group.

Values SEMG- Assisted Stretching (N=104) Functional Restoration Only (N=36) Control group † (N=30) P*

Mean SEMG 11.2 (9.5) 13.5 (10.4) .354

Gross Lumbar Flexion 71.9 (24.6) 69.8 (23.0) .884

Pelvic Flexion 33.4 (17.0) 30.8 (15.8) .674

True Lumbar Flexion 38.5 (13.1) 39.0 (10.7) .971

Mean SEMG 11.2 (9.5) 2.0 (0.64) .000

Gross Lumbar Flexion 71.9 (24.6) 109.9 (11.7) .000

Pelvic Flexion 33.4 (17.0) 56.0 (10.0) .000

True Lumbar Flexion 38.5 (13.1) 53.9 (8.2) .000

Mean SEMG 13.5 (10.4) 2.0 (0.64) .000

Gross Lumbar Flexion 69.8 (23.0) 109.9 (11.7) .000

Pelvic Flexion 30.8 (15.8) 56.0 (10.0) .000

True Lumbar Flexion 39.0 (10.7) 53.9 (8.2) .000

*
Uses Tukey's correction for multiple comparisons

†
Note: Patient subjects were evaluated pre- and post-treatment, but pain-free control subjects were only evaluated one time.
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Table 3

Group means and standard deviations at post-treatment for surface EMG (μV RMS) and degrees of lumbar
range of motion during maximum voluntary flexion with comparison to control group.

Values SEMG-Assisted Stretching (N=71) Functional Restoration Only (N=23) Control group † (N=30) P*

Mean SEMG 3.3 (4.1) 11.8 (10.7) .000

Gross Lumbar Flexion 109.7 (16.0) 94.4 (19.7) .000

Pelvic Flexion 58.0 (15.2) 46.1 (15.9) .002

True Lumbar Flexion 52.0 (9.6) 48.3 (11.9) .253

Mean SEMG 3.3 (4.1) 2.0 (0.64) .534

Gross Lumbar Flexion 109.7 (16.0) 109.9 (11.7) .999

Pelvic Flexion 58.0 (15.2) 56.0 (10.0) .786

True Lumbar Flexion 52.0 (9.6) 53.9 (8.2) .647

Mean SEMG 11.8 (10.7) 2.0 (0.64) .000

Gross Lumbar Flexion 94.4 (19.7) 109.9 (11.7) .002

Pelvic Flexion 46.1 (15.9) 56.0 (10.0) .038

True Lumbar Flexion 48.3 (11.9) 53.9 (8.2) .098

*
Uses Tukey's correction for multiple comparisons

†
Note: Patient subjects were evaluated pre- and post-treatment, but pain-free control subjects were only evaluated one time.
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Table 4

Pre to post treatment changes in group means with standard deviations for surface EMG (μV RMS) and
degrees of lumbar range of motion during maximum voluntary flexion.

Group Measure Pre-treatment Post-treatment P *

SEMG-Assisted Stretching (N=71)

Mean SEMG† 11.2 (9.4) 3.3 (4.1) .000

Gross Lumbar Flexion 73.5 (23.6) 109.7 (15.9) .000

Pelvic Flexion 33.9 (16.5) 58.0 (15.2) .000

True Lumbar Flexion 39.9 (13.2) 52.0 (9.6) .000

Functional Restoration Only (N=23)

Mean SEMG† 15.8 (10.1) 11.8 (10.7) .020

Gross Lumbar Flexion 62.2 (17.6) 94.4 (19.7) .000

Pelvic Flexion 25.3 (12.0) 46.1 (15.9) .000

True Lumbar Flexion 36.9 (9.3) 48.3 (11.9) .000

*
Uses Bonferroni's correction for multiple comparisons.

†
Interaction between time and treatment group is significant at p<.05, that is, the difference between the groups changed significantly from pre-

treatment to post-treatment.
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Table 5

Pre to post-treatment changes, with subjects who completed the full course of treatment, in their ability to
demonstrate flexion relaxation (SEMG < 3.5 μV RMS).

SEMG-Assisted Stretching Group Pre-treatment (N=71) Post-treatment (N=71)

Flexion-relaxation achieved 34% (n=24) 86% (n=61)

Flexion-relaxation not achieved 66% (n=47) 14% (n=10)

Functional Restoration Only Group Pre-treatment (N= 23) Post-treatment (N=23)

Flexion-relaxation achieved 17% (n=4) 26% (n=6)

Flexion-relaxation not achieved 83% (n=19) 74% (n=17)
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