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ABSTRACT

Purpose: Non-specific low back pain is one of the leading public health problems worldwide. With
respect to the duration of pain, it is generally divided into acute, subacute, and chronic. While
physical exercises are promoted as a non-pharmacologic treatment in the chronic state, the actual
literature refuses specific exercises in the acute phase. However, there is a lack of data concerning
the effect of structured training programs in these patients. The present study investigated the
influence of a structured and supervised strength-endurance program on pain intensity and quality
of life in non-specific, acute, subacute, and chronic low back pain patients.

Methods: 1147 adult patients of both sexes entered the multi-centered, controlled, and randomized
training intervention. The control group was advised to maintain a physically active lifestyle. The
eight-week, two-times per week training intervention consisted of a circle with eight strength-
endurance and two endurance exercises for back-pain relevant muscle groups. In each session, the
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circle was performed two-times with 60 seconds and 240 seconds durations for the strength-
endurance and endurance exercises, respectively. The break between each exercise lasted 30
seconds. Anthropometric data, comorbidities, regular physical activities, actual physiotherapeutic
and medical treatment, probability of pain-chronification, pain quality and quantity, and health
related physical and mental quality of life was evaluated at the beginning, after four weeks, and
finally after eight weeks by means of online-questionnaires.

Results: The drop-out rate at the end of intervention amounted to 14.4% in the control group and
30% in the training group. None of the obtained parameters had a prognostic meaning for
adherence of patients. Finishers: In both the acute, subacute, and chronic stages of the training
group a significant and clinically important reduction in pain intensity could be obtained while a
smaller, clinically not important but still statistically significant reduction occurred in the acute and
subacute control group. No improvement occurred in the chronic control group. Simultaneously, a
significant increase in health related physical quality of life was observed in all stages of the training
group.

Discussion: In contrast to the main part of the existing literature, training was in all stages of non-
specific low back pain superior to an exclusively active lifestyle. Especially for acute low back pain
the actual guidelines does not promote exercise as a treatment. The discrepancy may at least in
part be explained by the kind and quality of exercise interventions used in previous studies.
Conclusion: Structured medical training therapies should be recommended as an essential
treatment in all stages of non-specific low back pain.

Keywords: Low back pain; exercise; training;, medical training therapy; VR-12; health; quality of life;
pain intensity.

1. INTRODUCTION for noninvasive treatments for acute, subacute,

and chronic low back pain [17].

Low back pain is a worldwide common disease

which burdens both patients and the national
health systems to a serious extent [1,2]. Patients
suffering from low back pain often have to cope
with mental, physical, and social problems
leading to a considerably reduced quality of life
[3,4,5,6]. The one-year prevalence of low back
pain in adults is very high at about 70% [7].
Beside the classification concerning the
pathogenesis (specific versus non-specific low
back pain with a relation of about 15% to 85%
[8,9]), a duration-dependent differentiation
divides into acute, subacute and chronic stages
with periods of up to 6 weeks (acute), 7-12
weeks (subacute) and more than 12 weeks
(chronic) [10].

The importance of physical exercises as a
non-surgical, non-pharmacological treatment
appears to depend on the duration of the
actual pain episode. A considerable number
of reviews reported evidence that in the
acute stage exercises are not superior to
maintaining everyday activities or other
conservative treatments [11,12,13,14,15,16]. In
contrast, the same papers strongly
recommended exercise as an important tool
to treat low back pain in the chronic stage.
Similar advices were given in a recent guideline

However, a major difficulty in assessing the
effectiveness of physical training in the treatment
of low back pain is the wide range of measures
summarized under the term "exercise". They
range from Tai Chi [18,19,20], Pilates [21,22,23],
vibration training [24,25], nordic walking [26,27],
aquatic exercises [28,29,30], stretching [31,32],
and strength training [33,34,35] to mixed types
[36,37]. Such heterogeneous and in part
unspecific treatments will hardly lead to
comparable effects.

Moreover, even within a given training form, the
normatives such as intensity, rest to activity ratio,
or weekly exercise frequency differ from study to
study. These diversities result in a limited
number of comparable treatments and, therefore,
a limited number of similarly treated patients.
That may be the reason why a recent Cochrane
Review regarded the quality of evidence for
exercise as a treatment for chronic pain patients
as low [38].

The rationale of the present study was to
investigate the effects of a medical training
therapy in non-specific low back pain patients on
pain intensity and health related quality of life. To
this end, a multicenter, randomized controlled



trial with a fixed and structured strength-
endurance training intervention was performed.
Adult patients with non-specific low back pain of
acute, subacute, and chronic stages were
recruited.

2. METHODS

The present study followed all the relevant
national regulations and the tenets of the
Declaration of Helsinki and was approved by the
ethical committee of the local university.

2.1 General Overview

The empirical part of the study took place from
the 15" of August to the 15" of December 2017.
67 facilities of the German Physio Aktiv Itd. group
were involved as centers. Initially, all participating
staffs were thoroughly instructed about
procedures, contents, and endpoints of the
investigation. Each center had to include patients
for both the training and the control group. Since
we expected a higher dropout within subjects of
the training group, a 2:1 relation between training
and control participants was intended. A quasi-
randomisation was achieved via  the
chronological order of which patients entered the
individual centers: The initial two patients were
assigned to the training group, the third patient to
the control group and so on. The individual study
period lasted 8 weeks with online-questionnaires
(see chap. 2.4) before, after 4, and after 8
weeks. Training was identical in all facilities and
consisted of a strength-endurance circle (see
chap. 2.3) with two sessions per week. At the
end of the intervention, a total number of at least
13 sessions was accepted for further evaluation
of data. Participants of the control group were
advised and encouraged to maintain daily
activities of life. After the 8 week control period,
these patients started with training which was
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identical to that of the initial training group. Data
of the second phase were not considered in the
present paper. Subjects of the training and
control group had to pay a one-time amount of
99 € and 79 € for participation, respectively.
Patients were allowed to quit the study without
mentioning any reason.

2.2 Patients

Subjects were recruited by local announcements.
The inclusion and exclusion criteria were as
follows:

Inclusion criteria:

age > 18 years

non-specific low back pain (defined as the area
from the gluteal folds to the lower rib [36])

low back pain with and without radiation to the
legs

mastery of German language (due to the
questionnaires)

Exclusion criteria:

former back surgery

specific back pain such as disc herniation,
fracture, vertebrostenosis, metastasis
neurologic disorders

stroke

heart attack

heart failure

pregnancy

more than one week absence during the study
period

Patients who met the criteria and agreed to
participate were included after verbal and written
informed consent. Initially 1147 patients entered
the study. Their characteristics are presented in
Tables 1 and 2. At the end of the study, 864

Table 1. Anthropometrics and educational characteristics of patients

Control-group

Training-group

absolute % absolute %
number of patients 420 37 727 63
women 235 56 430 59
men 185 44 297 41
age (years) 53 +13.6 54 +129
height (cm) 172 +8.9 172+ 114
mass (kg) 82+ 16.8 83+255
educational qualification:
secondary school 248 59 443 61
high school 76 18 138 19
university 95 23 146 20
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Table 2. Disease-related characteristics of patients

Control-group

Training-group

absolute % absolute %
mean pain intensity (0-100) 48 + 20.6 50 +21.0
back pain duration: acute 52 12 110 15
subacute 41 10 64 9
chronic 327 78 553 76
physiotherapy 98 23 170 23
physician visits (pain) 270 64 529 73
Regular drug consumption:
painkillers 140 33 248 34
diabetes type I 19 5 33 5
fat metabolism disorder 31 7 46 6
thyroid disease 66 16 103 14
others 62 15 131 18
no drugs 135 32 264 36

Physiotherapy = actual physiotherapedutic treatments, mean pain intensity = pain intensity during the last week
with a numeric scale from 0 = no pain to 100 = extreme painful

patients could be finally evaluated corresponding
to 84.6% of subjects in the control group and
70% in the training group. A flowchart of finishers
and dropouts is given in Fig. 1.

2.3 Training

2.3.1 Training devices and duration

The strength-endurance circle consisted of ten
stations with six devices in the adaptive mode
(back extension, abdominal crunch, seated
rowing, leg extension, leg curl, chest press), two
cable machines (trunk rotation, trunk lateral

flexion), and two endurance devices
(crosstrainer, stationary bike). For the first
eight devices, exercise time was set to

one minute and for the endurance devices to
four minutes. Subjects rested for 30 seconds
between all stations. The circle was
performed twice per session leading to a total
training time of 42 minutes per session. Except
the cable machines, all devices were
manufactured by milon industries Itd.,
Emersacker, Germany. All devices are certified
according to DIN 9001.

2.3.2 Training intensities

For the adaptive and cable devices, subjects had
to contract for 1.5 seconds in the concentric and
eccentric mode each with a subjective intensity
of 7-8 in the concentric phase on a 0-10 scale (0
= no effort, 10 = maximal effort). Loads were
adjusted during an initial familiarization session
and kept constant until the 6" session.
Thereafter, loads could be increased to meet the

subjective 70% to 80% of maximal -effort
throughout the remaining training period. The
load of the endurance devices were adjusted via
heart rate (HR) by means of the formula

HRexercise = (220‘396) x 0,65
2.4 Questionnaires

A commercially available internet-based survey
software (Survio) was used for technical
construction of the questionnaires. Patients had
to fill out the surveys without any supervision of
the local staff. So, all data were exclusively
accessible to the authors. The identity number of
patients included training location and group
affiliation. The anthropometric data consisted of
sex, age, height, and weight. The educational
qualification asked for the highest level of
education in school or university. For physical
training history the initial question asked for
regular physical training during the last 12
months. If so, the following questions specified
frequency, duration, and content of training. In
order to screen the risk of chronification of low
back pain the items of the Heidelberg Short

Questionnaire (HKF-R10) were used.
Comorbidities and concomitant drug
consumption were evaluated for diabetes

mellitus type 1 and 2, arterial hypertension,
diseases of lipid metabolism, thyroid diseases,
and others. The duration of the actual back pain
period was divided into < 6 weeks, 6 to 12
weeks, and > 12 weeks. Physician visits
considered the number and causes during the
last 6 months. Physiotherapy focused on the
actual low back pain. The Veterans Rand 12 item
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1147 patients
(667 female,
480 male)

training |group

h 4

control lgroup

727 patients 420 patients
(430 female, TO (237 female,
297 male) 187 male)

151 patients 45 patients
(79 female, |&€— > (24 female,
72 male) 21 male)

h 4 v
576 patients 375 patients
(351 female, T4 (213 female,

225 male) 162 male)

67 patients 20 patients
(33 female, e (15 female,
34 male) 5 male)

h 4 h 4

509 patients
318 female, T8
191 male)

355 patients
(198 female,
157 male)

Fig. 1. Flowchart of dropouts and finishers.
TO = Begin of the study, T4 = midterm after 4 weeks, T8 = end of study after 8 weeks

Table 3. Composition of surveys and the total number of questions

Survey TOT TOC T4T T4C T8T T8C

identity number X X X X
anthropometric data

educational qualification

training history

HKF-R10

comorbidities

regular drug consumption

duration of the actual pain period

physician visits

physiotherapy treatment

VR-12

pain location(s)

pain intensity

number of training sessions

patient’s opinion about the influence of training
total number of items 52 52 25 22 25 22

HXXXXXXXXXXXXX
XX XXX XXXXXXXX

XX X X X X X
X X X X X
XX X X X XX
X X X X X

X = Items included in the questionnaire, HKF-R10 = Heidelberg short questionnaire for the risk of chronification,
VR-12 = Veterans Rand 12 item health survey, TOT = initial survey of the training group, TOC = initial survey of
the control group, T4T = survey of the training group after 4 weeks, T4C = survey of the control group after 4
weeks, T8T = survey of the training group after 8 weeks, T8C = survey of the control group after 8 weeks



health survey (VR-12) was taken to access
health related physical (PQL) and mental quality
of life (MQL). Potential pain locations were low
back, thigh, the whole leg, and the whole body.
Whole body pain was included to detect potential
fiboromyalgia patients. For pain intensity, the
week before was taken into account and split in
mean pain and pain when it was best. In
addition, patients of the training group rated the
influence of training on changes in pain
reduction. To this end, a 5 point scale with 1 =
very strong, 2 = strong, 3 = noticeable, 4 = a bit,
and 5 = not at all was used.

Table 3 depicts the composition of
questionnaires before (TO0), after 4 weeks (T4),
and after 8 weeks (T8) of intervention.

2.5 Statistics

If not otherwise stated data are presented as
mean + standard deviation (SD). The
comparisons of all parameters between the two
groups (training, control) and between finisher
and non-finisher for anthropometric data,
educational qualification, training history, HKF-
R10, comorbidities, regular drug consumption,
pain duration, pain intensity, pain locations,
physician visits, physiotherapy, VR-12 were
performed applying a Mann-Whitney-U-Test.
Three-way ANOVA was applied to pain intensity
and quality of life items with factors time (TO, T4,
T8; as a repeated factor), group, and pain
duration followed by Bonferroni test for multiple
comparisons.  Correlations were analyzed
applying a Spearman Rank coefficient. Statistical
significance was set to an alpha level of 0.05. All
statistical analyses have been performed with
IBM SPSS statistics 25.

3. RESULTS

3.1 Comparison between Dropouts and
Finishers

The comparison between finishers and those
who did not complete the 8 week intervention
period vyielded in none of the investigated
parameters (anthropometric data, educational
qualification, training history, HKF-R10,
comorbidities, regular drug consumption, pain
duration, pain intensity, pain locations, physician
visits, physiotherapy, VR-12) a significant
difference. The percentage of drop-outs in the
individual centers was very inhomogeneous,
ranging from 0 to 60 percent.
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3.2 Pain Intensity

In the training group, mean pain intensity
significantly decreased from initial 50 + 21 to 32
+ 23 and 26 + 23 after 4 and 8 weeks,
respectively. Significant reductions were also
observed for the least amount of pain from 22 +
20 to 16 + 18 (T4) and 14 + 18 (T8). A slight
relief of mean pain from initial 47 + 20 to 45 + 25
(T4) and 43 + 26 (T8) was found in the control
group, too. Fig. 2 shows the pain intensities of
the acute, subacute, and chronic subgroups.

3.3 Quality of Life

Both the initial physical and mental quality of life
were comparable between control (physical: 37,8
+ 9,1; mental: 52,9 + 11,2) and training group
(physical: 38,4 + 8,9; mental: 53,2 + 11).The
training intervention led to a significantly
enhanced PQL but did not affect MQL. PQL and
MQL did not change significantly in the control

group.

3.4 Patient’'s Rating of the Training
Influence on Pain Reduction

After 8 weeks of intervention, from the 509
finishers of the training group 42 patients quoted
that the training influence on pain reduction was
“very strong”, 102 patients “strong”, 189 patients
“noticeable”, 141 patients “a bit” and 35 marked
“not at all’. The percentage distribution is given in
Fig. 4.

3.4.1 Analysis of rating-subgroups

The evaluation of the rating subgroups yielded
that a 82 + 4,6% reduction in pain intensity was
needed to quote “very strong” while the weakest
positive attitude (“a bit”) corresponded to a 25 +
5,4 % pain decrease (Fig. 5). Fig. 6 presents the
absolute changes in VR12 scales within
subgroups.

4. DISCUSSION

4.1 Pain Intensity and Health Related
Physical Quality of Life

The main finding of the present study is that an
eight-week structured and supervised strength-
endurance training leads to a significant
reduction in both acute, subacute, and chronic
low back pain. In the control-group of the acute
low-back patients, mean pain also significantly



decreased after 8 weeks. However, this effect
could not be obtained at T4 and even after 8
weeks the amplitude was far away from being
clinically important. The clinically important
reduction was also missed in the subacute
control-patients. The chronic patients of the
control group did not improve in any way. In
contrast, the training effect is not only significant
but also clinically relevant in all three groups:
Based on literature dealing with different chronic
forms of pain [39], Hayden et al. [40] considered
a pain reduction greater than 20 points (on a
scale from 0 to 100) as a clinically important
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difference for low back-pain patients. In the
present investigation, mean pain reductions at
the end of treatment amounted to 28,7 points,
30,0 points, and 22,0 points for acute, subacute,
and chronic low back pain, respectively.
Simultaneously, the health related quality of life
significantly increased in all three groups. While
the results for the subacute and chronic stages
are in agreement with the existing literature, at
first sight the findings of the acute phase appears
to be in strong conflict with previous findings: The
European guidelines for the management of
acute nonspecific low back pain in primary

T8

TO

10 20 30 40 50
pain intensity [0 -100 scalel

o

T8

TO

e

10 20 30 40 50
pain intensity [0 - 100 scalel

o

T8

TO

m

10 20 30 40 50
pain intensity [0 - 100 scalel

o

Fig. 2. Pain intensities for the training (black bars) and control group (grey bars) in the acute
(top panel), subacute (middle panel), and chronic state (bottom panel)

Before (T0), after 4 weeks (T4), after 8 weeks (T8) of intervention. Left side: mean pain, right side: least amount
of pain; mean + SE; a = significant different from TO, b = significant different from T4
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Fig. 3. Health related quality of life for the training (black bars) and control group (grey bars)
acute = top panel, subacute = middle panel, chronic = bottom panel; before (T0), after 4 weeks (T4), after 8
weeks (T8) of intervention. Left side: physical quality of life, right side: mental quality of life; mean + SE. a =

significantly different from TO
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Fig. 4. Percentage distribution of patient’s rating about the influence of training with respect to
pain reduction
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Fig. 5. Percentage changes in pain intensity within rating-subgroups of the training group at
T8. mean * SE. a = significantly different from T0
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a bit a
noticeable a
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changes in quality of life (VR 12 scale from 0 to 100)

Fig. 6. Changes in quality of life within rating-subgroups of the training group at T8. Black bar
= mental quality of life, gray bar = physical quality of life. mean + SE. a = significantly different
from TO

care [12] recommend: “Do not advise specific
exercises (for example strengthening, stretching,
flexion, and extension exercises) for acute low
back pain” (Recommendation T4). The recent
American College of Physicians Practice
Guideline on Noninvasive Treatments [41] also
does not support exercise as an acute-phase
treatment. These statements are based on
systematic reviews. One important fundament of
this approach is the meta-analysis of Hayden et
al. [40], who included 11 original articles dealing
with exercise treatments in acute low back-pain
patients. However, none of these articles gave a

comprehensible description of the training
method. Either the intensity, the number of
repetitions, the number of sets or combinations
of these parameters was not mentioned.
Moreover, 5 publications exclusively focused on
one muscle group [42,43,44,45,46], in 4 studies
patients were just instructed to perform
unsupervised home exercises [45,46,47,48], and
one study applied “manipulative types of
physiotherapy” [49]. Moreover, the ratio of
articles included in the meta-analysis of Hayden
et al. [40] was 1:4 for acute and chronic low back
pain, respectively. All in all, in contrast to chronic



low back pain, the existing literature concerning
physical exercises in acute low back pain is
relatively rare and qualitatively almost
inadequate with regard to the training method.

4.2 Structure of Exercise Intervention

To our best knowledge, the present investigation
is the first which applied medical training therapy
in acute low back pain patients. The term was
introduced by Haber in 2001 [50] and means an
exact description of therapeutic exercises
including volume and intensity of the load. The
training goal is disease specific and aims in an
efficient improvement of musculoskeletal and/or
cardiopulmonary function. The rationale of the
exercise regimen used in the present study was
to activate and to enhance strength and
endurance of back-pain relevant muscle groups:
A sufficient muscular trunk stability is a
prerequisite for back-friendly everyday activities.
The present training included all trunk stabilizing
muscle groups. That holds for extension, flexion,
lateral bending and rotation. Especially the latter,
although common in everyday activities, has
often been neglected in back-pain preventing or
treating programs. The same holds for leg
muscle strength and endurance although they
are needed for back-friendly picking up and
carrying heavy loads. In all exercises, the load
and the time under tension were sufficiently high
to create positive muscular adaptations [51,52].
For two reasons, we decided not to take strength
or endurance parameters as an outcome
parameter. First, according to Gruther et al. [53]
"the diagnostic accuracy and reliability of muscle
measurements in patients with chronic low back
pain" is low due to considerable learning effects.
It seems likely that the same applies to the other
stages of low back pain. Secondly, from both a
patient’'s and a socio-economical point of view
strength and endurance are not of primary
importance in the treatment of low back pain but
pain reduction and a good quality of life.

4.3 Drop Out and Health Related Mental
Quality of Life

Independently of low back-pain duration, the
improvement in mental quality of life failed to
reach significance in the training group and it
even tended to decline in the control-group. In
the present data, one important difference
between mental and physical quality of life is the
baseline value at TO. Both scores are derived
using an algorithm that is referenced to a metric
centered at 50 and a standard deviation of 10

10
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using the 2000-2002 US Medical Expenditure
Panel Survey population. [54]. At TO, the mental
quality of life in the acute, subacute and chronic
groups already was above 50 while the physical
quality of life just reached or even was below the
lower limit of standard deviation. Obviously, the
mental quality of life is more decoupled from pain
sensations than the physical. This is in line with
the subgroup analysis of the training group.
While the physical quality of life became
significantly better from the score “a bit” to “very
strong” with an almost linear regression between
both parameters, even the best score did not
coincidence with a significant increase in mental
quality of life.

In order to attain a rating of "very strong" with
respect to the influence of training on pain
withdrawal, a mean of more than 80% pain
reduction was needed. For the rating
"noticeable", the reduction still had to be around
50%. It shows that the expectations of success
among patients were very high. This could have
been a reason for the relatively high drop-out
rate in the training group since, in contrast to
pharmacologic pain killers, the effects of physical
training on pain reduction are much slower.

Another important influence on training-
compliance may be the setting because the
percentage of finishers differed between

participating centers to a great extent. Since the
study modalities, as well as the equipment, were
identical in all centers, the human interaction
between staff and patient may be a meaningful
parameter. However, since patients were allowed
to quit the study without mentioning reasons, the
interpretation of drop-out remains speculative.

5. LIMITATIONS

The current study has several limitations. First,
we have no information neither about the long
lasting effect of the training nor about the long
lasting compliance of patients with the training
concept. Secondly, we did not manage to treat all
patients in a sufficient way and 7% even
worsened. Further long-lasting medical training
therapy studies are encouraged focusing on
prognostic parameters of training success and
failure in all stages of non-specific low back pain.

6. CONCLUSION

In conclusion, an 8 week structured strength-
endurance training program leads to a significant
and clinically important reduction in non-specific
low back pain and a significant increase in health



related physical quality of life in the acute,
subacute and chronic stage. As a consequence,
further studies with structured exercise programs
are encouraged and the guidelines for the
treatment of acute, non-specific low back pain
should be reevaluated.

ETHICAL APPROVAL

All  experiments have been examined and
approved by the appropriate ethics committee
and have therefore been performed in
accordance with the ethical standards lai down in
the 1964 Declaration of Helsinki.

COMPETING INTERESTS

Authors have declared that

interests exist.

no competing

REFERENCES

1. Mafi JN, McCarthy EP, Davis RB, Landon
BE. Worsening trends in the management
and treatment of back pain. JAMA Intern
Med. 2013;173:1573-1583

Ma VY, Chan L, Carruthers KJ. Incidence,
prevalence, costs, and impact on disability
of common conditions requiring
rehabilitation in the United States: Stroke,
spinal cord injury, traumatic brain injury,
multiple sclerosis, osteoarthritis,
rheumatoid arthritis, limb loss, and back
pain. Arch Phys Med ehabil. 2014;95:986-
995.

Sezgin M, Hasanefendioglu EZ, Sungur
MA, Incel NA, Cimen OB, Kanik Aahin
G(1). Sleep quality in patients with chronic
low back pain: A cross-sectional study
assesing its relations  with  pain,
functional status and quality of life. J Back
Musculoskelet Rehabil. 2015;28:433-441.
Froud R, Patterson S, Eldridge S, Seale C,
Pincus T, Rajendran D, Fossum C,
Underwood M. A systematic review and
meta-synthesis of the impact of low back
pain on people's lives. BMC Musculoskelet
Disord. 2014;15:50.

Tavafian SS, Jamshidi A, Mohammad K,
Montazeri A. LBP education and short term
quality of life. BMC Musculoskeletal Disord
2007;8:21.

Weiner DK, Rudy TE, Morrow L, Slaboda
J, Lieber S. The relationship between pain,
neuropsychological  performance, and
physical function in community-dwelling

11

Baum et al.; JALSI, 17(4): 1-13, 2018; Article no.JALSI.42069

older adults with chronic low back pain.
Pain Med. 2006;7:60-70.

Casser HR, Seddigh S, Rauschmann M:
Acute lumbar back pain—investigation,
differential diagnosis and treatment. Dtsch
Arztebl Int. 2016;113:223-34.

Deyo RA, Weinstein JN: Low back pain. N
Engl J Med. 2001;344:363-370.

Koes BW, van Tulder MW, Thomcaas S:
Diagnosis and treatment of low back pain.
BMJ. 2006;332:1430-1434.

Scharrer M, Ebenbichler G, Pieber K, et al.
A systematic review on the effectiveness of
medical training therapy for subacute and
chronic low back pain. Eur J Phys Rehabil
Med. 2012;48(3):361-70.

Koes BW(1), van Tulder MW, Thomas S.
Diagnosis and treatment of low back pain.
BMJ. 2006;332:1430-1434.

European Commission COST B13
Management Committee. European
guidelines for the management of low back
pain. Acta Orthop Scand Suppl. 2002;
73:20-25.

Vuori IM. Dose-response of physical
activity and low back pain, osteoarthritis,
and osteoporosis. Med Sci Sports Exerc.
2001;33(6 Suppl):551-586; discussion 609-
610.

Abenhaim L, Rossignol M, Valat JP,
Nordin M, Avouac B, Blotman F, Charlot J,
Dreiser RL, Legrand E, Rozenberg S,
Vautravers P. The role of activity in the
therapeutic management of back pain.
Report of the International Paris Task
Force on Back Pain. Spine. 2000;25(4
Suppl):1S-33S.

van Tulder MW, Koes BW, Bouter LM.
Conservative treatment of acute and
chronic nonspecific low back pain. A
systematic review of randomized controlled
trials of the most common interventions.
Spine 1997;22:2128-2156.

Maher C, Latimer J, Refshauge K.
Prescription of activity for low back pain:
What works? Aust J Physiother. 1999;
45(2):121-132.

Qaseem A, Wilt TJ, McLean RM, Forciea
MA. Clinical guidelines committee of the
American College of Physicians:
Noninvasive treatments for  acute,
subacute, and chronic low back pain: A
clinical practice guideline from the
American College of Physicians. Ann
Intern Med. 2017;166:514-530.

Cho Y: Effects of tai chi on pain and
muscle activity in young males with acute

10.

1.

12.

13.

14.

15.

16.

17.

18.



19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

low back pain. Sci.
2014;26:679-681.

Hall AM, Maher CG, Lam P, Ferreira M,
Latimer J. Tai chi exercise for treatment of
pain and disability in people with persistent
low back pain: A randomized controlled
trial. Arthritis Care Res. 2011;63:1576-
1583.

Kong LJ, Lauche R, Klose P, Bu JH, Yang
XC, Guo CQ, Dobos G, Cheng YW. Tai
Chi for Chronic Pain Conditions: A
Systematic Review and Meta-analysis of
Randomized Controlled Trials. Sci Rep.
2016;6:25325.

Yamato TP, Maher CG, Saragiotto BT,
Hancock MJ, Ostelo RW, Cabral CM,
Menezes Costa LC, Costa LO. Pilates for
low back pain. Cochrane Database Syst
Rev. 2015;7:CD010265.

Miyamoto GC, Costa LO, Cabral CM.
Efficacy of the Pilates method for pain and
disability in patients with  chronic
nonspecific low back pain: A systematic
review with meta-analysis. Braz J Phys
Ther. 2013;17:517-532.

Miyamoto GC, Costa LO, Galvanin T,
Cabral CM. Efficacy of the addition of
modified Pilates exercises to a minimal
intervention in patients with chronic low
back pain: A randomized controlled trial.
Phys Ther. 2013;93:310-320.

Rittweger J, Just K, Kautzsch K, Reeg P,
Felsenberg D: Treatment of chronic lower
back pain with lumbar extension and
whole-body vibration exercise: A
randomized  controlled trial.  Spine.
2002;27:1829-1834.

Boucher JA, Abboud J, Nougarou F,
Normand MC, Descarreaux M. The effects
of vibration and muscle fatigue on trunk
sensorimotor control in low back pain
patients. PLoS One. 2015;10:e0135838.
Revord LP, Lomond KV, Loubert PV,
Hammer RL. Acute effects of walking with
Nordic poles in persons with mild to
moderate low-back pain. Int J Exerc Sci.
2016;9:507-513.

Hartvigsen J, Morsg L, Bendix T,
Manniche C. Supervised and non-
supervised Nordic walking in the treatment
of chronic low back pain: A single blind
randomized clinical trial. BMC
Musculoskelet Disord. 2010;11:30.
Baena-Beato PA, Artero EG, Arroyo-
Morales M, Robles-Fuentes A, Gatto-
Cardia MC, Delgado-Fernandez M.
Aquatic therapy improves pain, disability,

J Phys Ther

12

Baum et al.; JALSI, 17(4): 1-13, 2018; Article no.JALSI.42069

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

quality of life, body composition and fitness
in sedentary adults with chronic low back
pain. A controlled clinical trial. Clin Rehabil.
2014,;28:350-360.

Ariyoshi M, Sonoda K, Nagata K, Mashima
T, Zenmyo M, Paku C, Takamiya Y,
Yoshimatsu H, Hirai Y, Yasunaga H,
Akashi H, Imayama H, Shimokobe T,
Inoue A, Mutoh Y. Efficacy of aquatic
exercises for patients with low-back pain.
Kurume Med J. 1999;46:91-96

Waller B, Lambeck J, Daly D. Therapeutic
aquatic exercise in the treatment of low
back pain: A systematic review. Clin
Rehabil. 2009;23:3-14.

Lawand P, Lombardi Junior |, Jones A,
Sardim C, Ribeiro LH, Natour J. Effect of a
muscle stretching program using the global
postural reeducation method for patients
with chronic low back pain: A randomized
controlled ftrial. Joint Bone Spine. 2015;
82:272-277.

Chen HM, Wang HH, Chen CH, Hu HM.
Effectiveness of a stretching exercise
program on low back pain and exercise
self-efficacy among nurses in Taiwan: A
randomized clinical trial. Pain Manag Nurs.
2014;15:283-291.

Chang WD, Lin HY, Lai PT. Core strength
training for patients with chronic low back
pain. J Phys Ther Sci. 2015;27:619-622.
Steele J, Bruce-Low S, Smith D. A review
of the clinical value of isolated lumbar
extension resistance training for chronic
low back pain. PM R. 2015;7:169-187.
Jackson JK, Shepherd TR, Kell RT. The
influence of periodized resistance training
on recreationally active males with chronic
nonspecific low back pain. J Strength
Cond Res. 2011;25:242-251.

Kool JP, Oesch PR, Bachmann S, Knuesel
O, Dierkes JG, Russo M, de Bie RA, van
den Brandt PA. Increasing days at work
using function-centered rehabilitation in
nonacute nonspecific low back pain: A
randomized controlled trial. Arch Phys Med
Rehabil. 2005;86:857-864.

Haakstad LA, Bg K. Effect of a regular
exercise programme on pelvic girdle and

low back pain in previously inactive
pregnant women: A randomized
controlled trial. J Rehabil Med. 2015;
47:229-234.

Geneen LJ, Moore RA, Clarke C, Martin D,
Colvin LA, Smith BH. Physical activity
and exercise for chronic pain in adults: An



39.

40.

41.

42.

43.

44,

45.

46.

47.

overview of Cochrane reviews. Cochrane
Database Syst Rev. 2017;4:CD011279.
Salaffi F, Stancati A, Silvestri CA, Ciapetti
A, Grassi W. Minimal clinically important
changes in chronic musculoskeletal pain
intensity measured on a numerical rating
scale. Eur J Pain. 2004;8:283-291.

Hayden JA, van Tulder MW, Malmivaara
AV, Koes BW. Meta-Analysis: Exercise
Therapy for Nonspecific Low Back Pain.
Ann Intern Med. 2005;142: 765-775.

Hauk L. Low Back Pain: American College
of Physicians Practice Guideline on

Noninvasive Treatments. Am Fam
Physician. 2017;96:407-408.
Hides JA, Richardson CA, Jull GA.

Multifidus muscle recovery is not automatic
after resolution of acute, first-episode low
back pain. Spine. 1996;21:2763-2769.
Farrell JP, Twomey LT. Acute low back
pain. Comparison of two conservative
treatment approaches. Med J Aust. 1982;
1:160-164.

Chok B, Lee R, Latimer J, Tan SB.
Endurance training of the trunk extensor
muscles in people with subacute low back
pain. Phys Ther. 1999;79:1032-1042.
Gilbert JR, Taylor DW, Hildebrand A,
Evans C. Clinical trial of common
treatments for low back pain in family
practice. Br Med J. 1985;291:791-794.
Underwood MR, Morgan J. The use of a
back class teaching extension exercises in
the treatment of acute low back pain in
primary care. Fam Pract. 1998;15:9-15.
Malmivaara A, Hakkinen U, Aro T,
Heinrichs ML, Koskenniemi L, Kuosma E,
Lappi S, Paloheimo R, Servo C, Vaaranen

Baum et al.; JALSI, 17(4): 1-13, 2018; Article no.JALSI.42069

48.

49.

50.

51.

52.

53.

54.

V, Hernberg S. The treatment of acute low
back pain--bed rest, exercises, or ordinary
activity? N Engl J Med. 1995;332:351-355.
Faas A, Chavannes AW, van Eijk JT,
Gubbels JW. A randomized, placebo-
controlled trial of exercise therapy in
patients with acute low back pain. Spine
1993;18:1388-1395.

Waterworth RF, Hunter IA. An open study
of diflunisal, conservative and manipulative
therapy in the management of acute
mechanical low back pain. N Z Med J.
1985;98:372-375.

Haber P. Leitfaden zur medizinischen
Trainingsberatung. Berlin: Springer Verlag;
2001.

Crewther B, Cronin J, Keogh J. Possible
stimuli for strength and power adaptation:
acute metabolic responses. Sports Med.
2006;36:65-78.

Nicholson G, Ispoglou T, Bissas A. The
impact of repetition mechanics on the

adaptations resulting from  strength-,
hypertrophy- and cluster-type resistance
training. Eur J Appl Physiol.

2016;116:1875-1888.

Gruther W, Wick F, Paul B, Leitner C,
Posch M, Matzner M, Crevenna R,
Ebenbichler G. Diagnostic accuracy and
reliability of muscle strength and
endurance measurements in patients with
chronic low back pain. J Rehabil Med.
2009;41:613-619.

Selim AJ, Rogers W, Fleishman JA, Qian
SX, Fincke BG, Rothendler JA, Kazis LE.
Updated U.S. population standard for the
Veterans RAND 12-item Health Survey
(VR-12). Qual Life Res. 2009;18:43-52.

© 2018 Baum et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution License
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work is properly cited.

Peer-review history:
The peer review history for this paper can be accessed here:
http://www.sciencedomain.org/review-history/25044

13



