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Abstract

Objectives: To evaluate therapeutic exercise-induced hemodynamic changes in patients with flexion- and
extension-provoked low back pain (LBP).

Methods: Men with LBP (n=106) were divided into 2 groups: flexion-provoked LBP (n=61) and extension-
provoked LBP (n=45). The Japanese Orthopaedic Association (JOA) score, Visual Analogue Scale (VAS), SF-36
and intramuscular oxygenation measured by near-infrared spectroscopy on the paraspinal muscle during lumbar
extension and flexion were evaluated at 2 and 4 weeks.

Results: Deoxygenated hemoglobin during lumbar flexion was significantly lower in flexion-provoked LBP than
in extension-provoked LBP. VAS and the SF-36 domains of physical functioning, role physical, bodily pain were
significantly improved in the flexion-provoked LBP group. Oxygenated hemoglobin during lumbar extension was
increased significantly in the flexion-provoked LBP group. Flexion-provoked LBP patients who exhibited favorable
effects from therapeutic exercise also showed better lumbar muscle oxygenation after exercise.

Conclusions: A stretching mechanism in the posterior lumbar elements appeared to have a promising therapeutic
effect on extension-provoked LBP. Although LBP attributed to hypoperfusion and oxygenation is involved in flexion-
provoked LBP, therapeutic exercise was effective in only 50% of these patients. Evaluating muscle blood flow in

flexion-provoked LBP patients is critical for improving the therapeutic effect in these subjects.
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Introduction

Low back pain (LBP) is a common malady that affects approximately
80-90% of people at some point in their lives. [1,2]. The origin of LBP
remains uncertain in most cases, and the precise cause of the pain is
identified in only 15% of cases even after careful assessment and specific
measurements [3]. LBP is typically classified as specific or non-specific,
the latter of which is defined as symptoms without a specific cause and
accounts for 85-90% of people with LBP [4,5]. From a clinical point of
view, disc and/or facet joint-related disorders of the spine are estimated
to occur in a high percentage of the LBP population. However, a single
structure is not solely responsible for LBP because it is a multifactorial
process that depends on constitutional, somatic, psychological, and
environmental factors. Thus, a definitive diagnosis cannot be achieved
by current radiographic methods, and despite systematic reviews
that described several conservative treatment methods including
therapeutic exercise for LBP, evidence supporting a specific type of
treatment for LBP is lacking [6,7]. Patient-specific treatment based on
assessment findings should be included in the management of LBP.

Regarding the use of therapeutic exercise to control LBP,
Richardson and Jull hypothesized that controlling back pain and
preventing its recurrence can be assisted by enhancing muscle control
in the spinal segment [8]. This exercise approach focused on retraining
a co-contraction pattern of the deep trunk muscles, the transverse
abdominis, and the lumbar multifidus, providing local muscle support
for the lumbar motion segment. Several researchers have demonstrated
dysfunctions in the multifidus muscle of LBP patients by EMG [9],
pathological findings [10], and imaging study [11]. We previously
suggested that muscular LBP involves paraspinal muscle blood flow
because decreased oxygenated hemoglobin (Oxy-Hb) was detected
by near-infrared spectroscopy (NIRS) in the trunk muscles of LBP
patients [12].

On the other hand, LBP is often aggravated by flexion or
extension movements. The directional nature of instability and clinical
presentation is poorly understood in the lumbar spine. O’Sullivan
classified non-specific LBP patients on the directional basis of back
pain provocation [13]. Flexion-provoked LBP is thought to be induced
by lumbar muscle dysfunction in terms of increased muscle tone [13],
intramuscular pressure [14], back muscle endurance [15], and muscle
fatigability [16], however; the effect of therapies on LBP has not been
investigated from the perspective of the directional basis of pain. The
purpose of this study was to evaluate the hemodynamic changes in
patients with flexion- and extension-provoked LBP before and after
therapeutic exercise for LBP.

Methods

This study was carried out over a 2-year period in a single
suburban general practice. Ethical approval was given by the Nagoya
University Hospital Ethics Committee. Consecutive patients presenting
for treatment of their LBP without radiation to the lower limbs
were asked to participate in our study. The study subjects were male
patients who presented with LBP that had lasted more than 3 month
as their main symptom at the outpatient clinic of the Department of
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Orthopedic Surgery. Potential subjects were excluded if they had
spinal fracture, tumor, infection, spondylolisthesis, spondylolysis,
deformities including scoliosis and lumbar kyphosis greater than 10°,
osteophyte formation more than grade 2 of Nathan’s classification (0-
4) [17] on a radiograph, previous spinal surgery, previous medication
for LBP, sciatica, or muscle weakness. Before entering the current
study, patients with LBP were assessed by an orthopedic surgeon.
Patients who fulfilled the inclusion criteria were classified into the
flexion- or extension-provoked LBP group in which back pain was
characterized by intermittent pain produced only at end-range in a
single direction of lumbar flexion or extension, respectively. Patients
with LBP induced by both flexion and extension and patients with
LBP induced by neither flexion nor extension were excluded from this
study. All patients were classified as flexion dysfunction syndrome
or extension dysfunction syndrome based on the McKenzie method
assessment, and participated in lumbar flexion and extension exercises
derived from McKenzie therapy [18] under the supervision of a single
physical therapist. Treatment was aimed at intentionally reproducing
the symptoms at end-range as an indicator that the painful structure
was being adequately stretched. The therapist who performed the
treatment had completed the 4 basic courses arranged by the McKenzie
Institute International and had passed a credential examination. The
physical therapist performed the exercises at the outpatient clinic once
a week and instructed the patients to carry out their exercise routine
each day at home for 4 weeks. Patients did not receive medications such
as NSAIDs or anti-inflammatory agents for the study period.

Lumbar spine radiographs were obtained for all patients at the first
visit. The lordotic angle (L1 to S1 Cobb angle) and the sacral inclination
angle (angle between the superior end plate of S1 and a horizontal line)
were measured on a lateral lumbar radiograph in a standing position.

Primary outcome variables were observed at the first visit and at
2 and 4 weeks after treatment. These outcome variables included the
Japanese Orthopedic Association (JOA) score for back pain (LBP,
0-3) [19], the Visual Analogue Scale (VAS, 0-10 cm horizontal scale),
and the SF-36 that consists 36-item general health instrument, which
measures 4 domains of physical health: physical functioning (PF), role
physical (RP), bodily pain (BP), general health (GH) [20].

Intramuscular oxygenation was evaluated non-invasively using a
near-infrared spectrophotometer (OM-220, SHIMADZU Co., Kyoto,
Japan). The probe, which was combined with a light transmission fiber
and 2 detectors, was positioned with a bandage on the left posterior
aspect of the lumbar muscle at the level of the iliac crest. The lumbar
spine was extended gradually 45° backward for 15 seconds within a
tolerable range of pain in the standing posture, followed by forward
bending at 30° for 15 seconds within a tolerable range of pain after a
15-second rest in a neutral standing position. The exercise was started
following a stable wave pattern in a resting, standing position for
approximately 10 seconds. Oxy-Hb increases in the paraspinal muscle
during lumbar extension and deoxygenated hemoglobin (Deoxy-Hb)
decreases during lumbar flexion. These values return to those of a
resting, standing position quickly after stopping extension or flexion
[12]. Bending angle degrees were determined based on a preliminary
verification demonstrating that intramuscular hemodynamics had
reached a plateau. Parameters such as the relative changes in Oxy-
Hb and Deoxy-Hb were compared in arbitrary units. Obese subjects
(over 80 kg) and female volunteers were not included because NIRS
measurements are difficult to obtain in these subjects.

Means were compared using a Mann-Whitney U test for continuous
variables. A 1-way analysis of variance (ANOVA) for repeated measures
and Fischer’s PLSD as a post hoc test were used to compare the
dependent measurements obtained before and after performing the
exercise. Differences were considered statistically significant at p<0.05.
Data were analyzed with StatView 5.0 software (ABACUS, Berkeley,
CA).

Results

A total of 106 subjects were assigned to the flexion- and extension-
provoked LBP groups. Follow-up information was obtained 2 weeks
later for 95 subjects (89.6%) and 4 weeks later for 57 subjects (53.8%).
At this point, 39 subjects were missing, and 10 subjects wished to
receive a treatment other than therapeutic exercise.

Of the 106 patients selected for treatment, 61 (57.5%) in the flexion-
provoked LBP group and 45 (42.5%) in the extension-provoked LBP
group have participated in the study.

Significant differences were not found for any of the variables
at baseline (Table 1). Although NIRS measurements did not reveal
significant differences in the relative change in Oxy-Hb and Deoxy-
Hb during lumbar extension between both groups, the relative change
in Deoxy-Hb was significantly increased during lumbar flexion in the
flexion-provoked LBP group (p<0.05).

Of the 57 patients who were followed completely for 4 weeks, 30
(52.6%) patients in the flexion-provoked LBP group and 27 (47.3%)
patients in the extension-provoked LBP group were compared at the
2-week and 4-week periods. The average ages were 46.5 + 12.9 and
43.7 + 13.2 in the flexion-provoked LBP and 43.7 + 13.2 extension-
provoked LBP groups, respectively, and were not significantly different.
VAS improvement was significantly greater in the extension-provoked
LBP group than in the flexion-provoked LBP group at 4 weeks (p<0.05),
but no significant differences were observed at 2 weeks (Figure 1).
Similarly, the JOA score improved at 4 weeks in both LBP groups,
but significant differences were not observed (p=0.082). Regarding
the SF-36, significant improvement was found at 4 weeks in the
extension-provoked LBP group in PF (p=0.003), RP (p<0.0001), and BP
(p=0.0017) compared with the flexion-provoked LBP group (Figure 2).

NIRS measurements revealed that the change in Oxy-Hb during
lumbar extension increased significantly at 4 weeks in the flexion-
provoked LBP group compared with the extension-provoked LBP

100728
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Figure 1: VAS before and after exercise (n=57).
Improvement in VAS was significantly greater in the extension-provoked LBP
than in the flexion-provoked LBP at 4 weeks. (p<0.05)
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(p<0.01), while no significant changes were seen in Deoxy-Hb (Figure
3). Change in Oxy-Hb and Deoxy-Hb during lumbar flexion were not
significantly different between the flexion and extension-provoked
LBP groups (Figure 4). To investigate the hemodynamic effect on the
improvement of LBP in the flexion-provoked LBP (n=30), subjects in
which Oxy-Hb increase more than 0.018 arbitrary units (equivalent
to 25 percentiles of the increase of Oxy-Hb during lumbar extension
at 4 weeks) were defined as the Oxy-Hb-increased group. Oxy-Hb-
increased subjects in the flexion-provoked LBP group (n=17, 56.7%)
showed a significant VAS improvement from before exercise to 4 weeks
after exercise compared with the non-Oxy-Hb-increased group (n=13,
43.3%) (p<0.05) (Figure 5).

Flexion-provoked | Extension-provoked LBP
LBP (n=61) (n=45)

Age (years) 43.9+13.9 429+ 14.0
Duration of symptom (day) 52.0 £ 59.6 41.4+35.4
Height (cm) 168.7+5.4 168.6 + 6.3
Weight (kg) 66.1+10.0 64.4 £ 8.6
Smoking (/day) 8.1+12.3 10.8 +10.9
VAS 40.7 +28.3 41.8+28.2
JOA score (LBP; 0-3) 1.2+0.6 1.3+0.6

SF-36 PF 78.7£19.5 77.3+271
RP 81.2+229 87.2+23.8
BP 48.3 £ 19.6 54.3 + 23.6
GH 56.4 £+ 15.5 59.6 + 18.8
L1-S1lordotic angle (degree) 342+73 34176
S1 inclination angle (degree) 27.6+6.3 25.3+6.2

VAS-=Visual Analogue Scale; JOA=Japanese Orthopaedic Association; SF-36;
PF=Physical Functioning; RP=Role Physical; BP=Bodily Pain; GH=General Health
Values represent means + S.D

No statistically significant differences between groups were shown between any
variables at baseline.

Table 1: Demographic and initial assessment data.
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Figure 2: SF-36 before and after exercise (n=57).

Significant improvement was found at 4 weeks in the extension-provoked LBP
in PF (p=0.003), RP (p<0.0001), BP (p=0.0017) compared with the flexion-pro-
voked LBP.

Physical Functioning (PF), Role Physical (RP), Bodily Pain (BP), General Health

arbitrary unit arbitrary unit

0.06 Oxy-Hb 0.06 Deoxy-Hb
N
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Figure 3: Oxy-Hb and Deoxy-Hb change during lumbar extension before and
after exercise.

Oxy-Hb during lumbar extension increased significantly at 4 weeks in the flexion-
provoked LBP compared with the extension-provoked LBP. (p<0.01)
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Figure 4: Oxy-Hb and Deoxy-Hb change during lumbar flexion before and after
exercise.

Both Oxy-Hb and Deoxy-Hb change during lumbar flexion had no significant
differences between the flexion and the extension-provoked LBP.

VAS
70 === Oxy-Hb increased group (n=17)

"®*®* non-Oxy-Hb increased group (n=13)

Before exercise After 4 weeks

Figure 5: VAS before and after exercise according to Oxy-Hb increase during
lumbar extension in the flexion-provoked LBP.

The Oxy-Hb increased group in the flexion-provoked LBP (n=17, 56.7%)
significantly improved compared with the non-Oxy-Hb increased group (n=13,

(GH)

43.3%). (p<0.05)

Discussion

NIRS measurements obtained before treatment demonstrated
that the increase in Deoxy-Hb was significantly greater in the flexion-
provoked LBP group than in the extension-provoked LBP group. These
findings support the study of Konnno et al. [14], which showed that
intramuscular pressure increases and blood flow decreases as spinal
alignment changes from lordosis to kyphosis. O’Sullivan et al. [13]
classified flexion strain pain disorders as disorders in which LBP is
reproduced by sustained flexion of the lumbar spine, is relieved by
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extension of the lumbar spine, and is associated with loss of the lumbar
multifidus muscles rather than spinal mobility impairment. A muscular
component is presumably more predominant in flexion-provoked LBP
than in extension-provoked LBP. Kunogi [21] stated that LBP with
flexion disturbance usually involves backache of discal, ligamentous,
or muscular origin and that LBP with extension disturbance
involves backache from facet joints, including spondylolisthesis
and spondylolysis. However, no reports have described the
pathophysiological and therapeutic effects in motion-induced LBP. In
muscular LBP and tissue oxygenation during isometric contraction
of the multifidus muscle, increases in intramuscular pressure result
in tissue hypoxia, and tissue hypoxia responsible for muscular fatigue
and loss of function have been addressed [22]. Flexion-provoked LBP
is presumably associated with dysfunction of the back muscles, which
is characterized by an increase in pressure and fatigability in a manner
similar to compartment syndrome [14,16]. Low back intramuscular
pressure, which represents capillary blood flow, tissue oxygenation, and
muscle function, has been measured in LBP patients [23,24]. Muscle
contraction leads to increased intramuscular pressure and significantly
decreased pressure in the paravertebral muscles [25]; however, several
studies have been skeptical of intramuscular pressure and hypoxia
of the multifidus [22,26]. Because satisfactory evidence is lacking
about tissue oxygenation and intramuscular pressure, factors other
than intramuscular pressure may affect microcirculation and pain
generation [27].

Tissue oxygenation and oxygen use by the paraspinal muscles has
been investigated only sporadically to elucidate the mechanism of
LBP [28-30]. A muscle’s oxygen levels progressively decrease during
incremental exercise [31]. Trained muscles show lower fatigue and a
more efficient use of oxygen; training increases the oxidative metabolism
of muscles [32]. Therefore a limited physical capability of oxygen
consumption in the paravertebral muscles may be consistent with the
alteration in aerobic muscle performance associated with LBP. Kovacs
et al. used NIRS to demonstrate that patients with muscular back pain
did not use available oxygen during exercise compared with normal
subjects [28]. Lumbar paravertebral muscles are dominated by slow
twitch fibers, each of which is in contact with a considerable number
of capillaries, enabling a better blood flow distribution to the area of
local demand during submaximal contraction [33]. The paravertebral
muscle can maintain a steady-state level of oxygenation during active
lumbar extension [26], which leads to increasing Oxy-Hb by increasing
the bulk muscle volume in a less extensible fascia and increasing blood
flow to the working skeletal muscle accompanied by the cardiac output
response. Regarding localized oxygen use in healthy subjects and those
with LBP, Kovacs et al. speculated that the inability to consume oxygen
is attributed to mitochondrial damage and to the decreased oxidative
enzyme activity of the cell because of the breakdown in the myofibrils
of the muscle [28]. Kell and Bhambhani used NIRS to demonstrate
that the initial increase in muscle blood volume and oxygenation at the
onset of exercise in the lumbar spine is important for oxygen availability
and susceptibility to muscle fatigue and pain [34]. The rapid increase of
muscle blood flow during lumbar extension is associated with blood
distribution to the active motor unit [35,36] and/or increased blood
flow in the microcirculation [25]. The paravertebral muscles, which
are dominated by fatigue-resistant slow twitch fibers, can maintain
the blood supply at higher contraction intensities because of a greater
capillary density than other skeletal muscles [33]. Previous studies have
suggested that decreased muscle oxygenation is one of the causes of
muscle fatigue [37,38], and that muscles can be trained to improve their
function and oxygen use [32,39].

On the other hand, exercise therapy is widely used and is the
most common conservative intervention for LBP [40,41]. However,
how to select the appropriate form of exercise therapy from among
aerobic exercises, strengthening exercises, coordination exercises, and
specific exercises for LBP treatment is unclear for the clinician [42].
Clear guidance whether it is more effective to administer exercises
on an individual basis or in groups are lacking. This is attributable to
uncertainty regarding how exercise effects are mediated by exercise
type: furthermore, the optimal type of exercise for LBP is not known
because the effects of specific exercises have not been systematically
assessed [42]. It was suggested that McKenzie therapy, which was
employed in this study, was more effective than other strength training,
spinal mobilization, and general mobility exercises at short-term
follow-up [43]. The subjects in the current study had dysfunction
syndrome, which is characterized by intermittent pain produced only
at end-range in a single direction of restricted movement, including
overstretching of soft tissues that are shortened or contain contracted
scar tissue [44]. For dysfunction syndrome, symptoms elimination
requires treatment aimed at intentionally reproducing the symptoms
at end-range, because adequate stretching of the painful structure has
a beneficial effect on pain. Although several investigations showed that
muscle stretching affects muscle function and blood flow in the lower
limbs [45,46], no previous studies have objectively evaluated the lumbar
muscle in flexion- and extension-provoked LBP after exercise therapy.
The superior therapeutic effect on extension-provoked LBP showed
that the passive motion generated by the McKenzie method improved
contracted joint capsules and soft tissues. Yang and King used data
obtained from tests on isolated spinal segments of the lumbar spine
to demonstrate that the facet load increases with increasing extension
moment and excessive facet loads stretch the joint capsule and can be a
cause of LBP [47]. Adams and Hutton noted that as the extension of an
intervertebral joint increase, the compressive force transmitted across
the facet joints increases and hyperextension movements could cause
spondylosis and LBP [48]. Because extension-provoked LBP seems
predominantly to involve pain derived from the facet joints, McKenzie
therapy may be a more valid therapeutic indication for extension-
provoked LBP than for flexion-provoked LBP.

The effects of therapeutic exercise on flexion-provoked LBP
were inferior to those of extension-provoked LBP. Because the NIRS
measurements in the present study suggested muscular involvement
in flexion-provoked LBP, we were prompted to evaluate hemodynamic
improvement by NIRS and pain relief after therapeutic exercise in
flexion-provoked LBP. Those flexion-provoked LBP patients who
showed favorable effects from therapeutic exercise had presented with
better lumbar muscle oxygenation after exercise. The results indicate
that therapeutic exercise has a considerable impact on improved muscle
blood flow, and suggests that muscular LBP involves back pain affected
by lumbar muscle blood flow and oxygenation. However, a post-
therapeutic improvement of the muscle blood flow was observed in 50%
of the flexion-provoked LBP cases. Hypoperfusion and oxygenation in
the trunk muscle do not always cause flexion-provoked LBP. Accurate
awareness of the potential for improvement in muscle blood flow after
exercise in individuals with flexion-provoked LBP would be important
for better outcome of the therapeutic effects.

The main limitation of the current investigation was the small
number of patients included and short observational periods. Further
longitudinal studies with larger samples are required to clarify
the association between lumbar movement and LBP, the effect of
therapeutic exercise.
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In conclusion, a stretch mechanism in the posterior lumbar

elements such as the capsules of the facet joints and soft tissues appears

to

have a promising therapeutic effect on extension-provoked LBP.

Although LBP attributed to hypoperfusion and oxygenation is involved
in flexion-provoked LBP, therapeutic exercise is effective in only about
50% of these subjects. Evaluating the muscle blood flow in individuals
with flexion-provoked LBP is critical for improving the therapeutic
effect in flexion-provoked LBP.

References

1.

20.

Kelsey JL, White AA (1980) Epidemiology and impact of low-back pain. Spine
5: 133-142.

Clark W, Haldeman S (1993) The development of guideline factors for the
evaluation of disability in neck and back injuries. Division of Industrial Accidents,
State of California. Spine (Phila Pa 1976) 18: 1736-1745.

(1987) Scientific approach to the assessment and management of activity-
related spinal disorders. A monograph for clinicians. Report of the Quebec Task
Force on Spinal Disorders. Spine(Phila Pa 1976) 12: S1-S59.

Van Tulder M, Koes BW, Bombardier C (2002) Low back pain. Best Pract Res
Clin Rheumatol 16: 761-775.

Deyo RA, Phillips WR (1996) Low back pain. A primary care challenge. Spine
21: 2826-2832.

Faas A (1996) Exercises: which ones are worth trying, for which patients, and
when? Spine 21: 2874-2878.

Koes BW, Bouter LM, Beckerman H, van der Heijden GJ, Knipschild PG (1991)
Physiotherapy exercises and back pain: a blinded review. Br Med J 302: 1572-
1576.

Richardson CA, Jull GA (1995) Muscle control-pain control. What exercises
would you prescribe? Man Ther 1: 2-10.

Biedermann HJ, Shanks GL, Forrest WJ, Inglis J (1991) Power spectrum
analyses of electromyographic activity. discriminators in the differential
assessment of patients with chronic low-back pain. Spine (Phila Pa 1976) 16:
1179-1184.

. Rantanen J, Hurme M, Falck B, Alaranta H, Nykvist F, et al. (1993) The lumbar

multifidus muscle five years after surgery for a lumbar intervertebral disc
herniation. Spine (Phila Pa 1976) 18: 568-574.

. Hides JA, Stokes MJ, Saide M, Jull GA, Cooper DH (1994) Evidence of lumbar

multifidus muscle wasting ipsilateral to symptoms in patients with acute/
subacute low back pain. Spine (Phila Pa 1976) 19: 165-172.

.Sakai Y, Matsuyama Y, Ishiguro N (2005) Intramuscular oxygenation of

exercising trunk muscle in elderly persons. J Lumbar Spine Disord 11: 148-156.

. O’Sullivan PB (2000) Lumbar segmental ‘instability’: clinical presentation and

specific stabilizing exercise management. Man Ther 5: 2-12.

.Konno S, Kikuchi S, Nagaosa Y (1994) The relationship between intramuscular

pressure of the paraspinal muscles and low back pain. Spine (Phila Pa 1976)
19: 2186-2189.

. O’Sullivan P, Mitchell T, Bulich P, Waller R, Holte J (2006) The relationship

between posture and back muscle endurance in industrial workers with flexion-
related low back pain. Man Ther 11: 264-271.

. Takahashi |, Kikuchi S, Sato K, lwabuchi M (2007) Effects of the mechanical

load on forward bending motion of the trunk: Comparison between patients with
motion-induced intermittent low back pain and healthy subjects. Spine (Phila
Pa 1976) 32: E73-E78.

.Nathan H (1962) Osteophytes of the vertebral column An anatomical study of

their development according to age, race, and sex with considerations as to
their etiology and significance. J Bone Joint Surg [Am] 44: 243-268.

.McKenzie RA (1981) The lumbar spine: Mechanical diagnosis and therapy.

Waikanae, New Zealand: Spinal Publications.

.Japanese Orthopedic Association (1986) Criteria on the evaluation of the

treatment of low back pain. J Jpn Orthop Assoc 60: 391-394.

Ware JE, Snow KK, Kosinski M, Gandek B (1993) SF-36 Health Survey:
Manual and Interpretation Guide. The Health Institute, New England Medical
Center, Boston, MA.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41,

42.

Kunogi J (2005) Clinical findings and physical tests of low back pain; Relation
between local pathology of nerve root, clinical findings and image findings. J
Lumbar Spine Disord 11: 12-19.

Kramer M, Dehner C, Hartwig E, Vélker HU, Sterk J, et al. (2005) Intramuscular
pressure, tissue oxygenation and EMG fatigue measured during isometric
fatigue-inducing contraction of the multifidus muscle. Eur Spine J 14: 578-585.

Carr D, Gilbertson L, Frymoyer J, Krag M, Pope M (1985) Lumbar paraspinal
compartment syndrome: A case report with physiologic and anatomic studies.
Spine (Phila Pa 1976) 10: 816-820.

Styf J, Lysell E (1987) Chronic compartment syndrome in the erector spinae
muscle. Spine (Phila Pa 1976) 12: 680-682.

Jensen BR, Jegrgensen K, Hargens AR, Nielsen PK, Nicolaisen T (1999)
Physiological response to submaximal isometric contractions of the
paravertebral muscles. Spine (Phila Pa 1976) 24: 2332-2338.

Dupeyron A, Lecocq J, Vautravers P, Pélissier J, Perrey S (2009) Muscle
oxygenation and intramuscular pressure related to posture and load in back
muscles. Spine J 9: 754-759.

Dehner C, Schmelz A, Volker HU, Pressmar J, Elbel M, et al. (2009)
Intramuscular pressure, tissue oxygenation, and muscle fatigue of the
multifidus during isometric extension in elite rowers with low back pain. J Sport
Rehabil 18: 572-581.

Kovacs KM, Marras WS, Litsky AS, Gupta P, Ferguson SA (2001) Localized
oxygen use of healthy and low back pain individuals during controlled trunk
movements. J Spinal Disord 14: 150-158.

Kell RT, Bhambhani Y (2006) In vivo erector spinae muscle blood volume and
oxygenation measures during repetitive incremental lifting and lowering in
chronic low back pain participants. Spine (Phila Pa 1976) 31: 2630-2637.

Yang G, Chany AM, Parakkat J, Burr D, Marras WS (2007) The effects of
work experience, lift frequency and exposure duration on low back muscle
oxygenation. Clin Biomech 22: 21-27.

Belardinelli R, Barstow TJ, Porszasz J, Wasserman K (1995) Changes in
skeletal muscle oxygenation during incremental exercise measured with near
infrared spectroscopy. Eur J Appl Physiol 70: 487-492.

Ravalec X, Le Tallec N, Carré F, de Certaines JD, Le Rumeur E (1996)
Improvement of muscular oxidative capacity by training is associated with slight
acidosis and ATP depletion in exercising muscles. Muscle Nerve 19: 355-361.

Jorgensen K, Nicholaisen T, Kato M (1993) Muscle fiber distribution, capillary
density, and enzymatic activities in the lumbar paravertebral muscles of young
men. Significance for isometric endurance. Spine (Phila pa 1976) 18: 1439-
1450.

Kell RT, Bhambhani Y (2008) Relationship between erector spinae muscle
oxygenation via in vivo near infrared spectroscopy and static endurance time in
healthy males. Eur J App Physiol 102: 243-250.

Hansen J, Sander M, Hald CF, Victor RG, Thomas GD (2000) Metabolic
modulation of sympathetic vasoconstriction in human skeletal muscle: role of
tissue hypoxia. J Physiol 527: 387-396.

DelLorey DS, Wang SS, Shoemaker JK (2002) Evidence for sympatholysis at
the onset of forearm exercise. J Appl Physiol 93: 555-560.

Hogan MC, Kurdak SS, Arthur PG (1996) Effect of gradual reduction in 02
delivery on intracellular homeostasis in contracting skeletal muscle. J Appl
Physiol 80: 1313-1321.

Murthy G, Hargens AR, Lehman S, Rempel DM (2001) Ischemia causes
muscle fatigue. J Orthop Res 19: 436-440.

Friden J, Lieber RL (1992) Structural and mechanical basis of exercise-induced
muscle injury. Med Sci Sports Exerc 24: 521-530.

Hayden JA, van Tulder MW, Tomlinson G (2005) Systematic review: strategies
for using exercise therapy to improve outcomes in chronic low back pain. Ann
Intern Med 142: 776-785.

Chou R, Qaseem A, Snow V, Casey D, Cross JT Jr, et al. (2007) Diagnosis and
treatment of low back pain: a joint clinical practice guideline from the American
College of Physicians and the American Pain Society. Ann Intern Med 147:
478-491.

Slade SC, Keating JL (2006) Trunk-strengthening exercises for chronic low
back pain: a systematic review. J Manipulative Physiol Ther 29: 163-173.

Orthop Muscul Syst
ISSN: 2161-0533 OMCR, an open access journal

Volume 1 ¢ Issue 5 « 1000119


http://www.ncbi.nlm.nih.gov/pubmed/6446158
http://www.ncbi.nlm.nih.gov/pubmed/8235856
http://www.ncbi.nlm.nih.gov/pubmed/2961086
http://www.ncbi.nlm.nih.gov/pubmed/12473272
http://www.ncbi.nlm.nih.gov/pubmed/9112706
http://www.ncbi.nlm.nih.gov/pubmed/9112711
http://www.ncbi.nlm.nih.gov/pubmed/1830233
http://www.ncbi.nlm.nih.gov/pubmed/11327788
http://www.ncbi.nlm.nih.gov/pubmed/1836678
http://www.ncbi.nlm.nih.gov/pubmed/8484147
http://www.ncbi.nlm.nih.gov/pubmed/8153825
https://www.jstage.jst.go.jp/article/yotsu/11/1/11_1_148/_pdf
http://www.ncbi.nlm.nih.gov/pubmed/10688954
http://www.ncbi.nlm.nih.gov/pubmed/7809752
http://www.ncbi.nlm.nih.gov/pubmed/15953751
http://www.ncbi.nlm.nih.gov/pubmed/17224802
http://jbjs.org/article.aspx?articleid=13641
http://morphopedics.wdfiles.com/local--files/week-ten/McKenzie%20Philosophy%20in%20Treatment%20of%20the%20Lumbar%20Spine%202012.pdf
http://books.google.co.in/books/about/SF_36_health_survey.html?id=WJsgAAAAMAAJ
http://www.ncbi.nlm.nih.gov/pubmed/15700188
http://www.ncbi.nlm.nih.gov/pubmed/2935950
http://www.ncbi.nlm.nih.gov/pubmed/2961082
http://www.ncbi.nlm.nih.gov/pubmed/10586457
http://www.ncbi.nlm.nih.gov/pubmed/19487163
http://www.ncbi.nlm.nih.gov/pubmed/20108857
http://www.ncbi.nlm.nih.gov/pubmed/11285428
http://www.ncbi.nlm.nih.gov/pubmed/17047556
http://www.ncbi.nlm.nih.gov/pubmed/16996665
http://www.ncbi.nlm.nih.gov/pubmed/7556120
http://www.ncbi.nlm.nih.gov/pubmed/8606701
http://www.ncbi.nlm.nih.gov/pubmed/8235814
http://www.ncbi.nlm.nih.gov/pubmed/17968582
http://www.ncbi.nlm.nih.gov/pubmed/10970439
http://www.ncbi.nlm.nih.gov/pubmed/12133864
http://www.ncbi.nlm.nih.gov/pubmed/8926261
http://www.ncbi.nlm.nih.gov/pubmed/11398857
http://www.ncbi.nlm.nih.gov/pubmed/1569848
http://www.ncbi.nlm.nih.gov/pubmed/15867410
http://www.ncbi.nlm.nih.gov/pubmed/17909209
http://www.ncbi.nlm.nih.gov/pubmed/16461178

Citation: Sakai Y, Imagama S, Ito Z, Wakao N, Matsuyama Y (2012) Outcome of Back Exercise for Flexion-and Extension-Provoked Low Back Pain.
Orthop Muscul Syst 1:119. doi:10.4172/2161-0533.1000119

Page 6 of 6

43. Clare HA, Adams R, Maher CG (2004) A systematic review of efficacy of 46. Laaksonen MS, Kivela R, Kyrdlainen H, Sipila S, Seldanne H, et al. (2006)
McKenzie therapy for spinal pain. Aust J Physiother 50: 209-216. Effects of exhaustive stretch-shortening cycle exercise on muscle blood flow

. . . during exercise. Acta Physiol (Oxf) 186: 261-270.
44.May S, Donelson R (2008) Evidence-informed management of chronic low

back pain with the McKenzie method. Spine J 8: 134-141. 47.Yang KH, King Al (1984) Mechanism of facet joint load transmission as a

) ) ) N ) hypothesis for low-back pain. Spine (Phila Pa 1976) 9: 557-565.
45. Wisnes A, Kirkebo A (1976) Regional distribution of blood flow in calf muscles

of rat during passive stretch and sustained contraction. Acta Physiol Scand 96: 48. Adams MA, Hutton WC (1983) The mechanical function of the lumbar
256-266. apophyseal joints. Spine 8: 327-330.
Orthop Muscul Syst Volume 1 ¢ Issue 5 « 1000119

ISSN: 2161-0533 OMCR, an open access journal


http://www.ncbi.nlm.nih.gov/pubmed/15574109
http://www.ncbi.nlm.nih.gov/pubmed/18164461
http://www.ncbi.nlm.nih.gov/pubmed/1258671
http://www.ncbi.nlm.nih.gov/pubmed/16634781
http://www.ncbi.nlm.nih.gov/pubmed/6238423
http://www.ncbi.nlm.nih.gov/pubmed/6623200

	Title

	Corresponding author
	Abstract
	Keywords
	Introduction
	Methods
	Results
	Discussion
	Table 1
	Figure 1
	Figure 2
	Figure 3
 
	Figure 4
	Figure 5
	References



