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Lifting Exercise and Education

to Improve Activity, Pain Intensity, and

Physical

Performance in Patients With Low

Back Pain: A Randomized Controlled Trial

© STUDY DESIGN: Randomized controlled trial.

© BACKGROUND: Low back pain is a common
disorder. Patients with low back pain frequently
have aberrant and pain-provocative movement
patterns that often are addressed with motor
control exercises.

© OBJECTIVE: To compare the effects of low-load
motor control (LMC) exercise and those of a high-
load lifting (HLL) exercise.

@ METHODS: Seventy participants with recurrent
low back pain, who were diagnosed with nocicep-
tive mechanical pain as their dominating pain
pattern, were randomized to either LMC or HLL
exercise treatments. Participants were offered

12 treatment sessions over an 8-week period. All
participants were also provided with education
regarding pain mechanisms.

©METHODS: Participants were assessed prior

to and following treatment. The primary outcome
measures were activity (the Patient-Specific
Functional Scale) and average pain intensity over
the last 7 days (visual analog scale). The secondary
outcome measure was a physical performance test
battery that included 1 strength, 3 endurance, and 7
movement control tests for the lumbopelvic region.

© RESULTS: Both interventions resulted in
significant within-group improvements in pain
intensity, strength, and endurance. The LMC
group showed significantly greater improvement
on the Patient-Specific Functional Scale (4.2
points) compared with the HLL group (2.5 points)
(P<.001). There were no significant between-
group differences in pain intensity (P = .505),
strength, and 1 of the 3 endurance tests. However,
the LMC group showed an increase (from 2.9

to 5.9) on the movement control test subscale,
whereas the HLL group showed no change (from
3910 3.1) (P<.001).

© CONCLUSION: An LMC intervention may

result in superior outcomes in activity, movement
control, and muscle endurance compared to an
HLL intervention, but not in pain intensity, strength,
or endurance. Registered at ClinicalTrials.gov
(NCT01061632).
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here is growing evidence
that altered posture and
movement patterns are
common in patients with
low back pain (LBP).101273341 g
is proposed that the repetition

of altered alignments and movements
may result in localized regions of tissue
stress,! which may provide a basis for
ongoing nociceptive pain of mechanical
character.?®

A variety of interventions have been
proposed to retrain postures and move-
ment patterns. Common features are the
use of relearning strategies and exercises
to change spinal alignment,?”%2%343 move-
ment patterns,572732334143 apnd muscle
recruitment patterns in global” and/or
local muscles.?*'*?>%° Though there is no
consensus on the umbrella term for these
exercises, the present study refers to them
as motor control exercises. According to
Shumway-Cook and Woollacott,** mo-
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tor control involves the way in which the
central nervous system organizes muscles
into coordinated movements, sensory in-
formation is used to select and control
movement, and movement patterns are
influenced by perceptions. There is also
no consensus regarding what exercises
are most effective. In a recently published
review* of the efficiency of motor control
exercises, including segmental and spe-
cific stabilizing exercises, it was conclud-
ed that these exercises may be superior to
many other treatments. In a prospective
study?° including patients with LBP who
received individualized exercises target-
ing movement patterns,’:28334 the exer-
cises showed promising results regarding
movement control and activity.

Most motor control exercises, whether
focused on muscle recruitment pattern or
retraining of optimal movement pattern,
are usually performed with lower loads. A
recent review* has shown that none of the
included studies compared the effects of
low-load motor control (LMC) exercises
with an exercise focusing on the ability
to maintain optimal movement patterns,
spinal alignment, and effective activation
of stabilizing muscles during a high load.
The deadlift (DL), a resistance training
exercise performed with a barbell, covers
all these aspects and aims at increasing
strength.®1>15172% Studies on people with-
out back pain have shown that both local
and global stabilizing muscles are acti-
vated in this exercise,®? and that the
DL activates the stabilizing muscles to a
greater extent than exercises performed
on a gym ball.?* In a pilot study,' this ex-
ercise was also shown to be effective in
decreasing pain and disability in patients
with LBP.

It has been shown that in the reha-
bilitation of patients with LBP, it is im-
portant to include cognitive aspects.?>24+
For example, a recent randomized con-
trolled trial*®> showed that including
cognitive aspects in rehabilitation was
superior to manual therapy and exercis-
es only. Further, in a study® in which the
participants received education regard-
ing pain physiology, it was shown that a
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TABLE 1

BACKGROUND CHARACTERISTICS
OF THE PARTICIPANTS IN THE LMC AND
THE HLL EXERCISE GROUPS*

Characteristic LMC (n = 35) HLL (n = 35)
Age,y 21 42+10
Female, n (%) 19 (54) 20 (57)
Low back pain duration, wk 340 + 290 312 + 310
Height, cm 172+10 174+ 8
Weight, kg 7815 74 +13
Smoker, n (%) 3(09) 309
Taking analgesics, n (%) 18 (51) 18 (51)
Physical activity moderate intensity, min/wk 165 + 160 179 = 148
Physical activity high intensity, min/wk 34 + 66 45 =71
Kinesiophobia (17-68) 34+7 R+7
Roland-Morris questionnaire (0-24) 7+5 7+4
7-d VAS (0-100) 47 =28 4324
PSFS (0-10) 38+14 48+14
Lift strength, N 892 + 422 932 = 412
Prone bridge, s 56 + 31 72 =45
Sidebridge on right arm, s 36+ 26 45+ 28
Biering-Sgrensen, s 75+35 87 +43
Movement control test battery, n 29+16 39+16

Functional Scale; VAS, visual analog scale.

Abbreviations: HLL, high-load lifting; LMC, low-load motor control; PSES, Patient-Specific

*Values are mean = SD unless otherwise indicated.

change in measures of pain attitudes and
pain catastrophizing was associated with
improvement in the straight leg raise test
and forward-bending ability. Thus, the
aim of the present study was to compare
the effects of LMC exercises and a high-
load lifting (HLL) exercise in a study
where education regarding pain mecha-
nisms was also included in rehabilitation.
Notably, only patients with nociceptive
mechanical LBP?® as their dominating
pain pattern were included.

METHODS
Design
HIS RANDOMIZED CONTROLLED TRI-
al was conducted in an outpatient
physical therapy clinic in Sweden,
registered in the Clinical Trial Registry
of the US National Institutes of Health
(NCT01061632), and approved by the
Regional Ethical Review Board in Ume4,
Sweden (09-200M).

Participants

Consecutive patients aged 25 to 60 years,
seeking care at 2 occupational health
care services for pain and/or discomfort
in their lower back for 3 or more months
in duration, with or without referred
leg pain, and who were subclassified by
their physical therapist as having noci-
ceptive mechanical pain as their domi-
nating pain characteristic were asked
if they wanted to participate in a study
about training for LBP problems. For a
patient to be diagnosed as having noci-
ceptive mechanical LBP, the pain had
to be localized to the area of injury/
dysfunction; have a clear, proportionate
mechanical nature to aggravating and
easing factors; and be intermittent with
movement/mechanical provocation.?>3
Further, the physical therapists ensured
that the patients had no ongoing claims
for compensation, no fractures or acute
disc herniation in the spinal region, no
earlier or present psychiatric and mental
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deficits, and no contraindication to exer-
cise. Once they agreed to participate in
the study, prospective participants were
contacted by a study administrator to
confirm that they did not suffer from any
systemic illness; rheumatic diseases; fi-
bromyalgia; or inflammatory, endocrine,
neurologic, connective tissue, psychi-
atric, or cancer diseases; and were not
pregnant. Thereafter, information about
the study, an informed-consent form,
and questionnaires were sent to their
home addresses, and they were sched-
uled for an appointment with a physical
therapist for a final verification of their
eligibility. The physical therapist made
a full assessment to determine that the
pain was predominantly of a nociceptive
mechanical nature® and that signs and
symptoms of other pain mechanisms,
such as central sensitization®® or nerve
root signs/peripheral neuropathic pain,*”
were not evident. Yellow-flag inquiries
were also made. Negative pain beliefs
and nonoptimal pain-coping strategies
were allowed, but it was ensured that
mechanical factors, and not beliefs, pro-
voked the experience of pain. This was
done in such a way that a movement the
participant mentioned to be pain provok-
ing or avoided was specifically examined.
First, the participant was encouraged
to perform the movement using his or
her preferred strategy and asked to re-
port symptoms. Thereafter, the physical
therapist tried to modify how the partici-
pant moved or aligned the lumbar region
during the activity. The symptoms during
the corrected movement were compared
to those during the primary movement.
During the second movement, the par-
ticipant’s pain experience was expected
to decrease.

All participants gave their written
consent and were informed about their
right to withdraw participation at any
time without further explanation. Risk of
harm or injury was minimized by encour-
aging participants to report any discom-
fort or pain during or between sessions.
The descriptive statistics are presented in
TABLE 1.

Randomization and Interventions

After the participants gave their con-
sent, the randomization procedure was
performed. The randomization was per-
formed by a person who had not been
in contact with any of the participants.
First, the participants were assigned a
number in sequence of their enrollment
in the study. It was noticed that 2 partici-
pants were younger than 25 years; how-
ever, as they met all other inclusion and
exclusion criteria, they were considered
eligible for the study and were included.
The randomization was stratified for sex
and age (young, age 42 years and be-
low; old, age 43 years and above) into 4
groups. Within each group, separate ran-
domization was performed by applying a
computer-generated procedure of “n out
of N.” This procedure randomly draws n
cases, with each n being assigned to the
sequence running number, forming the
HLL group, whereas the participants not
being drawn form the LMC group.

The LMC intervention took place at a
physical therapy clinic and the HLL in-
tervention at a sports center. The LMC
intervention was performed individually
and the HLL was performed in groups
of 5 participants. All participants were
offered 12 treatment sessions over an
8-week period (weeks 1-4, 2 sessions per
week; weeks 5-8, 1 session per week). The
duration of each session was 20 to 30
minutes for the LMC and 60 minutes for
the HLL. The LMC and HLL exercises are
described below and in detail in APPENDIX
A, available online at www.jospt.org.

Both physical therapists, one assigned
to the HLL group and one to the LMC
group, had many years of experience of
teaching patients and were asked to edu-
cate the participants about pain mecha-
nisms, with an emphasis on nociceptive
pain and how non-ideal movement and
alignment strategies could contrib-
ute to lumbar-region tissue stress and
symptoms. The time spent on education
was need based and varied within both
groups and participants. Questions and
discussions were encouraged. The physi-
cal therapists were fully convinced that

each intervention was the optimal one,
and they used a variety of feedback to
teach and facilitate correct performance
during the exercises.

LMC Exercises
The physical therapist took a detailed
anamnesis and performed a physical ex-
amination® and, accordingly, selected
individual exercises.6??72%3933 The exer-
cises aimed to normalize the dominating
movement impairment for each partici-
pant. The strategy was to start from a
basic level and continue to a gradually
increased level of difficulty. Home exer-
cises were a significant part of the train-
ing, especially for the exercises in stage
1, in which the participants were encour-
aged to make at least 10 repetitions 2 to
3 times a day. Because it was considered
important to always perform the move-
ments ideally with an optimal muscle
recruitment pattern, the exercises were
always followed up, and if considered
ideally performed, they were progressed.
First (stage 1), based on the partici-
pants’ movement impairments that were
associated with increased LBP symptoms,
the participants’ ability to control the
joint neutral positions was retrained in
supine, four-point kneeling, sitting, and/
or standing positions. The participants
learned how to find their neutral posi-
tion in the lumbopelvic region and how to
control movements in their lumbar spine
with minimal effort while moving their
arms/legs (eg, to dissociate hip move-
ments from lumbopelvic movements).
In stage 2, the participants learned how
to control the movements in the lumbo-
pelvic region with minimal effort when
performing activities that produced their
nociceptive mechanical pain. In particu-
lar, the painful positions and movements
that the participants mentioned in the
anamnesis were targeted. The partici-
pants were encouraged to observe how
their muscles were activated”?72%-334° and
how their muscles coordinated during
the no-longer-painful alignments/move-
ments. The ability of the global stabilizing
muscles’ to control movements through-
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FIGURE 1. High-load lifting exercise.

out joint range was also trained. Gradu-
ally (stage 3), the participants learned to
control dynamic movements of the spine
necessary for various tasks and activities
that the participants earlier found diffi-
cult/painful to perform.

HLL Exercise

To represent an HLL exercise, we chose
the DL exercise, which activates the sta-
bilizing muscles and focuses on main-
tenance of an optimal alignment of the
spine during the lift."*'7** The physical
therapist selected appropriate initial
weight on the bar, based on the anamne-
sis and findings in the physical examina-
tion. The physical therapist taught the
participants an optimal lifting technique
and ensured that the participants main-
tained a neutral alignment of the spine
when performing the exercise. To per-
form the exercise, the participant stood
in front of a barbell with the bar 22.5 cm
above the ground. The participant squat-
ted down, performing hip and knee flex-
ion, and grasped the barbell (FIGURE 1A).
Simultaneous extension of the knee and
hip joints was performed to lift the bar-
bell until the participant was in erect po-

sition (FIGURE 1B). The eccentric phase was
initiated by lowering the barbell through
hip flexion and keeping the bar close to
the thighs until it passed the kneecap,
where knee flexion concluded the de-
scent. Between repetitions, participants
let go of the barbell and paused before
initiating the next repetition. The load
was slowly progressed during the inter-
vention period by gradually increasing
the number of lifts and/or the weight on
the bar. The participants were encour-
aged to use the same lifting technique
during daily activities.

Data Collection

Outcome measurements were obtained
at baseline and at follow-up at 2 and 12
months. The primary outcomes were
the Patient-Specific Functional Scale
(PSFS)*3? and pain assessed as average
pain in the last 7 days on a visual analog
scale (VAS)."? As secondary outcomes, a
physical performance test battery was
included. At baseline and 2 months, the
participants answered the questionnaires
and performed the physical performance
test battery at the physical therapy clinic.
At 12 months, the questionnaires were

sent to the participants’ home addresses
with a response envelope, and the physi-
cal performance test battery appointment
was booked separately.

The baseline data also included the
participants’ characteristics: age, sex,
weight, height, smoking, physical activity,
fear of movement and injury (the Tampa
Scale of Kinesiophobia),”® and disability
(the 24-item Roland-Morris Disability
Questionnaire).?* All data were collect-
ed by 2 experienced physical therapists
blinded to the treatment allocation.

Primary Outcomes
Using the PSFS, participants identified
the 3 most important activities that they
had difficulty performing or were unable
to perform due to LBP, and rated on an
11-point scale (ranging from 0, “unable to
perform activity” to 10, “able to perform
activity at preinjury level”) the current
level of ability associated with each activ-
ity. The PSFS is considered reliable, valid,
and responsive.®

The participants also rated their aver-
age pain intensity over the last 7 days on
a VAS ranging from 0 to 100 mm, with
0 mm representing “no pain at all” and
100 mm the “worst imaginable pain.” The
VAS is considered a valid and reliable

measure of pain intensity.!?

Secondary Outcomes

The physical performance test battery
included a lift strength test,> the prone
bridge, the sidebridge (on right arm), and
the Biering-Sorensen test,>* and a move-
ment control test battery. All tests were
carried out in standardized positions.
For the lift strength test, the maximal
isometric lift capacity was noted in New-
tons. In the prone bridge, sidebridge, and
Biering-Serensen test, emphasis was on
maintaining a neutral lumbar spine for as
long as possible (seconds). Seven move-
ment control tests based on descriptions
by Sahrmann?® and Van Dillen et al* and
further described by Luomajoki et al*
were included in the movement control
test battery. The tests challenge patients’
ability to control the lumbar spine in neu-
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tral position while moving in adjacent
joints. The tests used are the waiter’s bow
(evaluates flexion control), sitting knee
extension (bilateral evaluates flexion con-
trol, unilateral evaluates flexion/rotation
left/right control), and prone-lying active
knee flexion (bilateral evaluates extension
control, unilateral evaluates extension/
rotation left/right control). Participants
performed the complete set of tests.
Each positive test scored 1 point, that is,
3/7 means the participant performed 3 of
the 7 tests correctly.

Data Processing and Statistical Analysis
Between- and within-group significant
differences of the intervention were as-
sessed with linear mixed-model analyses.
Fixed factors in the model were group
(HLL, LMC), time (baseline, 2 months, 12
months), and group by time. The baseline
values were always included in the analy-
ses. Linear mixed-model analysis was
chosen because it uses all the available in-
formation in data in a repeated-measures
design and is robust in handling missing
data.’ Further, the baseline values were
compared between the participants who
attended the follow-ups and those who
dropped out using the 2-sided Student
t test or the chi-square test (APPENDIX B,
available online at www.jospt.org). Also,
the percentages of the participants who
changed their scores by 30% or greater
(minimal important change?®) for each
outcome measure were calculated.

The present 12-month follow-up study
is part of a larger data set that included a
24-month follow-up using only question-
naire data. The sample size was calculat-
ed for the VAS (average pain in the last 7
days) with 80% power to detect an inter-
vention effect that would differ between
groups by 15 = 21 mm on the VAS, with
an alpha level set at .05. This calcula-
tion gave an estimated sample size of 31;
therefore, 35 participants were enrolled
in each intervention to ensure power
even with dropouts.

A P value of less than .05 was consid-
ered significant, and all statistical tests
were 2 sided.

Assessed for eligibility, n = 85
Excluded, n=15
« Declined to participate, n =7
* Low back pain <3 mo,n=1
s + Dominating signs and
£ ) symptoms of central
g sensitization, n =5
L « Nerve root signs/dominating
signs and symptoms of
peripherally neurogenic pain,
n=2
v
| Randomized, n =70 |
I
é Low-load motor control, n = 35 High-load lifting, n = 35
§ « Received allocated intervention, « Received allocated intervention,
= n=35 n=35
S | Lost to follow-up, n =10 Lost to follow-up, n = 7
H «2mo,n=1 «2mo,n=2
S «12mo(n=1+n=9),n=10 *12mo(n=2+n=5),n=7
» Mixed-model analysis PSFS, Mixed-model analysis PSFS,
2 n=35,3325 n=234,33, 26
g Mixed-model analysis VAS, Mixed-model analysis VAS,
n=35,3325 n=35,31,28
FIGURE 2. Flow of participants: low-load motor control exercises versus a high-load lifting exercise. Abbreviations:
PSFS, Patient-Specific Functional Scale; VAS, visual analog scale.

RESULTS

IGURE 2 SHOWS THE FLOW OF PARTICI-
pants through the trial. Of the 85
individuals referred to the study
administrator, 15 were considered in-
eligible at the verification examination
(FIGURE 2), 7 due to dominating signs and
symptoms of central sensitization®® and
nerve root signs/peripheral neurogenic
pain.?” Another 7 participants declined
to participate after inclusion but before
randomization (unknown reasons), and
1 was ineligible due to pain of less than 3
months in duration.
Descriptive statistics of baseline char-
acteristics of the participants are present-
ed in TABLE 1. Participants worked mainly

industrial types of jobs, though others
had more administrative duties. None
were currently on full-time sick leave.
The groups were similar for all baseline
characteristics except PSFS scores, which
in the LMC group were significantly
lower. No significant differences on the
PSFS or VAS at baseline were detected
between the participants who answered
the questionnaires (PSFS, n = 51; VAS,
n = 53) and those who did not at the
12-month follow-up. The performance
on the prone bridge (74 seconds versus
50 seconds) and the Biering-Serensen
test (90 seconds versus 69 seconds) was
higher at baseline among those who at-
tended the 12-month follow-up testing (n
= 41) compared to those who did not (n
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TABLE 2

UNADJUSTED TEST RESULTS OF PAIN INTENSITY, THE PSFS,
AND TESTS INCLUDED IN THE PHYSICAL PERFORMANCE TEST BATTERY
AT BASELINE AND AT 2-MONTH AND 12-MoNTH FoLLow-UPs*

Unadjusted Outcome Values

Adjusted Treatment Effects

Test LMC Mean® LMC MIC HLL Meant HLL MIC Between-Group Mean Change’ P Value
7-d VAS (0-100)

Baseline (n =70) 47 (38,57) 43 (35, 51)

2-mo follow-up (n = 62) 30 (21, 40) 53% 22(14,31) 70% -2(-14,9) 687

12-mo follow-up (n = 53) 25(16, 34) 61% 24(13,34) 67% 4(-8,17) 505
PSFS (0-10)

Baseline (n=70) 38(33,43) 48(4.3,52)

2-mo follow-up (n = 65) 78(72,8.4) 88% 6.8(6.1,76) 58% -19(29,-09) <001

12-mo follow-up (n = 50) 8.0(73,838) 89% 73 (6.6,8.0) 69% -1.8(-2.8,-07) <001
Lift strength, N

Baseline (n = 70) 892 (745,1040) 932 (794, 1079)

2-mo follow-up (n = 68) 961 (824, 1108) 15% 1059 (922, 1206) 18% 39(-39,127) .320

12-mo follow-up (n = 41) 902 (735, 1069) 18% 1177 (1030, 1334) 17% 59 (49, 157) 275
Prone bridge, s

Baseline (n =70) 56 (45, 66) 72 (56, 88)

2-mo follow-up (n = 68) 83 (65, 101) 65% 85 (66, 103) 32% -29 (31, -1) 034

12-mo follow-up (n = 41) 82 (50, 114) 53% 86 (66, 105) 21% -24.(-39,-5) 007
Sidebridge, s

Baseline (n = 70) 36 (27, 46) 45 (35, 55)

2-mo follow-up (n = 68) 48(37,59) 38% 54 (43, 64) 39% -4(-13,6) 426

12-mo follow-up (n = 40) 40 (24, 56) 44% 51 (41, 61) 14% -5(-17,6) 377
Biering-Sgrensen, s

Baseline (n =70) 75 (63, 87) 87(72,102)

2-mo follow-up (n = 68) 87 (74,99) 35% 101(83,119) 27% 1(-10,13) 832

12-mo follow-up (n = 42) 99 (77,122) 41% 109 (94, 125) 24% -14(-28,-1) 035
MC test battery, n

Baseline (n = 70) 29(24,35) 39(3.3,4.4)

2-mo follow-up (n = 66) 51(4.6,57) 70% 43(338,4.8) 44% -1.8(-27,-10) <001

12-mo follow-up (n = 43) 59(5.2,6.5) 75% 31(25,3.8) 15% -37(-4.6,-27) <001

Specific Functional Scale; VAS, visual analog scale.

Walues in parentheses are 95% confidence interval.

Abbreviations: HLL, high-load lifting group; LMC, low-load motor control group; MC, movement control; MIC, minimal important change; PSFS, Patient-

*Also presented are the percentage of participants who improved at least 30% on a specific score/test (MIC) and between-group mean changes from baseline to
2 and 12 months, respectively, received from the linear mized-model analyses, with time (baseline and 2-month and 12-month follow-up) and group (LMC,
HLL) as fized factors and baseline values as covariates.

= 29), whereas the performance on the
other tests did not significantly differ.
The participants in the HLL group
attended 11.0 treatment sessions, in
comparison with 6.1 in the LMC group.
Two of the participants from the HLL
group reported adverse effects. One of
these withdrew from the study during
the intervention period, and another
participant dropped out without giving
any explanation after 1 session. None

from the LMC group reported adverse
effects, but 1 withdrew from the study
due to abdominal surgery unrelated to
the intervention.

The baseline and follow-up val-
ues, percentages of participants who
changed their scores by 30% or great-
er (minimal important change?¢) for
each outcome measure, and between-
group mean changes from baseline to 2
months and 12 months, with their cor-

responding 95% confidence intervals,
are presented in TABLE 2. Both exercise
interventions significantly increased
PSFS scores (time, P<.001 [P<.001 from
baseline to 2 months and from base-
line to 12 months]) and decreased VAS
scores (time, P<.001 [ P<.001 from base-
line to 2 months and from baseline to 12
months]). The linear mixed-model anal-
yses showed that, for PSFS, there was a
significant between-group mean change
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(group by time) in favor of the partici-
pants in the LMC group, who increased
their scores from 3.8 to 8.0 (unadjusted
mean scores). The corresponding figures
for the participants in the HLL group
were 4.8 to 7.3. There were no signifi-
cant differences in between-group mean
changes for VAS scores (P = .505). Both
exercise interventions also significantly
increased the participants’ performance
on the lift strength test (time, P<.001 [P
= .023 from baseline to 2 months and
P = .037 from baseline to 12 months]),
prone bridge (time, P<.001 [ P<.001 from
baseline to 2 months and from baseline
to 12 months]), sidebridge (time, P<.001
[P<.001 from baseline to 2 months and
P = .275 from baseline to 12 months]),
and Biering-Serensen test (time, P<.001
[P = .004 from baseline to 2 months and
P<.001 from baseline to 12 months]).
There were no significant differences in
between-group mean changes (group by
time) for most of the tests, except for the
prone bridge test in favor of the LMC
group. For the movement control test
battery, the analyses showed a signifi-
cant difference in between-group mean
changes in favor of the LMC group. The
LMC group increased the number of cor-
rectly performed tests from 2.9 to 5.9,
whereas the HLL group did not signifi-
cantly change performance (3.9 to 3.1).

DISCUSSION

HEN COMPARING THE EFFECTS OF

LMC with HLL, a significantly

beneficial effect of LMC was
found for PSFS scores. This finding may
partly be explained by the fact that the
participants in the LMC group reported
lower PSFS scores at baseline and partly
by the fact that, during the intervention
period, they focused on controlling pos-
ture and muscle activation during move-
ments and activities that provoked their
pain. At their first visit to the physical
therapist, they were asked to show how
they performed activities that they re-
ported to be painful. In all stages (1-3),
the patient-preferred movement strategy

was modified to correct the spinal align-
ment or nonoptimal movement pattern,
and the participants were encouraged to
observe how their muscles were activated
and coordinated during the no-longer-
painful movements. This feedback might
have inspired the participants to practice
more optimal patterns during many of
their daily tasks (stages 2-3). Further, the
mean effect of the LMC on PSFS scores
was higher than that in earlier published
studies investigating the effect of volun-
tary activation of deep stabilizing muscle
exercises.”*?? We believe that this might
primarily be due to the fact that the pres-
ent study included a more homogeneous
group of participants than previous stud-
ies. This is confirmed in a systematic re-
view'® where it was found that in the very
few studies that tried to subclassify pa-
tients and match pain profiles with inter-
ventions, pain and disability reductions
were significantly larger.

Both groups significantly increased
their performance on the strength and
endurance tests. For the participants in
the HLL group, this was probably due
to the fact that they progressively lifted
heavier loads during the exercise period.
However, we cannot exclude the poten-
tially positive effect of pain education.
The participants might have learned that
pain during training is not an indication
to be inactive, as long as the pain subsides
after training, and therefore continued to
be active. Interestingly, the participants
in the LMC group also increased their
performance. This might partly be due
to pain education,? but also to more ide-
al movement patterns,® which decrease
stress and strain on the lumbar tissues
and thereby desensitize them, enabling
increased performance.’*?* Moreover,
there was a beneficial effect of LMC on
the movement control test battery. A
focus on keeping the spine in neutral
position during the DL did not lead to
ability to correctly perform movement
control tests. In conclusion, there seems
to be a transferability from LMC train-
ing in combination with pain education
to strength and endurance tests, but not

from HLL training to movement control
tests.

About 65% of the participants per-
ceived a meaningful change in pain inten-
sity level (minimal important change, 30%
or greater?) from baseline to 12-month
follow-up. The finding that there was no
significant difference between the 2 ex-
ercise therapies in pain reduction is in
accordance with the findings of earlier
studies.*> We believe that the reason for
this may be that the physical therapists
in both intervention groups addressed
the patients’ misplaced beliefs about their
pain and supported self-management.>*
The exact benefits of the physical exercis-
es and the cognitive aspects regarding the
effect on pain level in the present study
cannot, however, be calculated.

All participants were offered 12 treat-
ment sessions. The reason for this was the
late treatment response observed in an
earlier pilot study about the effects of DL
training.’® The participants in the LMC
group, however, could not be motivated
to attend all sessions, as they considered
themselves adequately rehabilitated af-
ter about 6 sessions. It is notable that
similar, and by some measures superior,
outcomes were achieved in significantly
fewer treatment sessions for the LMC
group. If these results can be confirmed
in future studies, they may have signifi-
cant implications for cost and efficiency.

We are aware that the term motor
control exercises means different things
to physical therapists around the world.
According to the definition by Shumway-
Cook and Woollacott,** the LMC exer-
cises as well as the DL exercise could
be considered motor control exercises.
Regarding the expression low-load mo-
tor control, the fact that the DL was
performed without load on the bar at
the first training session could also in-
dicate that the DL exercise is a kind of
LMC exercise in its initial phase. It has,
however, been suggested that if the local
muscle system is not able to specifically
activate during low-load activities, the
retraining needs to include attempts to
specifically recruit the mechanical action
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independently of the global system.*°
Specific voluntary activation of the lo-
cal muscles was not included in the HLL
intervention.

Methodological Considerations

First, this study included a more homo-
geneous group of patients compared to
most studies, and the results might not
be generalizable to patients with other
pain characteristics. Second, we did not
test the intertester or intratester reliabil-
ity of the test leaders or of the physical
therapists to classify the participants
as having nociceptive mechanical LBP.
There is, however, support for the ability
of physical therapists to identify move-
ment dysfunctions with good intratester
and intertester reliability,'**** and the
physical therapists at the occupational
health care services followed the crite-
ria regarding nociceptive pain charac-
teristics.?**® Third, no placebo control
group was included, so the effect of the
intervention over time should be inter-
preted cautiously. Fourth, the fact that
different therapists provided the 2 inter-
ventions might have influenced the out-
comes. However, due to their conviction
that their intervention was optimal, they
probably influenced the participants in
a similar positive way. Last, the fact that
the exercises in the LMC intervention
were chosen on a patient-specific basis
may have advantaged the LMC group.
The reason for the LMC treatment strat-
egy to include an individual motor re-
learning program is that this represents
good clinical practice in applying motor
control training,.

A possible reason why many partici-
pants were lost to follow-up at 12 months
is that they were given no or only 1 re-
minder. Because the baseline values did
not differ between those who were re-
tained in the study and those who were
not (except for the prone bridge and
Biering-Sorensen tests), the responses
at 12 months, although limited, may be
considered representative of the partici-
pants regarding the primary outcome
measures.

| RESEARCH REPORT ]

CONCLUSION

HE LMC INTERVENTION MAY RE-

sult in superior outcomes in activity,

movement control, and muscle en-
durance tests compared to HLL, but not
in pain intensity and maximal isometric
lift strength, in patients with nociceptive
mechanical LBP. ®

ERKEY POINTS

FINDINGS: The LMC intervention showed
significantly greater improvement in
activity, movement control, and trunk
muscle endurance test performance
compared with the HLL. Both interven-
tions showed similar significant effects
over time regarding pain intensity and
maximal lift strength. Most patients in
both intervention groups reached a clin-
ically meaningful improvement in pain
intensity and activity over time.
IMPLICATIONS: Education regarding pain
physiology, optimal posture, and move-
ment patterns in combination with
training can be recommended for use
among patients with a nociceptive me-
chanical LBP pattern.

CAUTION: The present study included
patients with nociceptive mechanical
LBP as their predominant pain pattern
and the results may therefore not be
generalizable to patients with other pain
characteristics.

ONLINE APPENDICES

The LMC and HLL exercises, and a table
showing the results of the analyses com-
paring the baseline data of participants
who participated in the 12-month follow-
up and those who did not participate, are
available online at www.jospt.org.
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APPENDIX A

INTERVENTIONS

The interventions took place at a physical therapy clinic (LMC group) and at a sports center that supplied the exercise equipment (HLL group). The LMC
intervention was performed individually and the HLL included groups of 5 participants. Participants were offered 12 treatment sessions over an 8-week
period (weeks 1-4, 2 sessions per week; weeks 5-8, 1 session per week). The duration of each session was 20 to 30 minutes for the LMC group and 60
minutes for the HLL group. Both interventions were provided by senior physical therapists who had more than 10 years of experience with motor control
exercises (LMC group) or the deadlift exercise (HLL group).

The physical therapists used a variety of feedback to teach and facilitate correct performance during the exercises. For example, the participants were
encouraged to watch the movement (shown by the physical therapist), to watch the movement in a mirror, and to palpate their spine and spinal muscles
during the movements. Further, the participants in the LMC group received instant feedback by experiencing the difference between a painful movement
and the same movement performed more ideally and without pain. Participants in the HLL group were instructed that a pain intensity under 50 mm on
a visual analog scale was acceptable while performing the deadlift, on the condition that the pain subsided after each completed set and the movement
pattern/spinal neutral position did not change.

LMC Exercise

The exercises were individually selected and aimed to normalize the dominating movement impairment for each participant. The strategy was to start
from a basic level and continue to a gradually increased level of difficulty. It was considered important to always perform the movements ideally with an
optimal muscle recruitment pattern. This had to be ensured when practicing at the physical therapy clinic.

Cognitive and lifestyle behaviors that influenced pain were also targeted by teaching the participants about how non-ideal movement and alignment
strategies could contribute to lumbar-region tissue stress. First, the participant learned about how his or her movement pattern and daily activities
affected his or her current pain. The participant was taught how the pain system works normally and the cause of his or her current condition through
description of tissue and pain mechanisms. Further, it was outlined how movement faults, abnormal resting postures, and altered motor control are as-
sociated with musculoskeletal tissue changes and why the self-reported activities were painful—and how and why the more optimal movement patterns
the participants learned from the physical therapist decreased their pain sensation. For example, a participant who moved in the lumbar spine before
bending the hips when bending forward was informed about this and was also informed about how this repetitive use of flexion movements and align-
ments across the day potentially contributes to increased lumbar-region tissue stress and symptoms.

Regarding the home exercises, and especially for the exercises in stage 1, the participants were encouraged to make at least 10 repetitions 2 to 3 times
a day, with the goal to incorporate the new movement strategy into daily living. In stages 2 and 3, the participants were encouraged to focus on muscle
recruitment and movement pattern during the activities and to perform them as often as possible.

Stage 1

The participants learned how to find their neutral position in the lumbopelvic region in supine, four-point kneeling, sitting, and/or standing and how

to control the movements in their lumbar spine with minimal effort while moving their arms/legs. This part also included specific training to dissoci-
ate movements between the upper and lower back and between the low back, shoulder, and hip joint, respectively. The exercises aimed at improving
timing and magnitude of movements in the hips and thoracic spine relative to the low back area, that is, to maintain the lumbar spine in its neutral
position during movements in adjacent joints (hips, thoracic spine, and shoulders). Examples are shown in FIGURE 1. In this stage, the exercises were
performed under highly controlled conditions, with focus on the participants’ awareness of alignment and postural position, muscle tension, and effort
in order to experience the sensation of “easy” low-load holding.

FIGURE 1. Examples of exercises in stége 1
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Stage 2

The participants learned how to control the movements in the lumbopelvic region with minimal effort when performing activities that produced their
nociceptive mechanical pain. In particular, the most painful positions and movements were targeted; for example, if a participant had pain during flex-
ion movements and tended to compensate for a lack of hip flexion with lumbar flexion during an activity, he or she received a lot of guided practice to
prevent the flexion pattern during these movements. Examples of exercises are shown in FIGURE 2.

To enable a corrected movement pattern, exercises that aimed at reducing overactivity and stiffness of superficial mobilizing muscles were performed.
Also, exercises that aimed at improving the ability of global stabilizing muscles to control movements throughout joint range were performed if required.

FIGURE 2. Examples of exercises in stage 2.

Stage 3

The participants learned to incorporate the control of a dynamic movement of the spine from the neutral position to the typical end-range position nec-
essary for specific tasks/activities. For example, the participant learned to control a flexion movement starting from neutral lumbar spine, initiating hip
flexion with activity of stabilizing trunk muscles, allowing the spine to move into a controlled flexion movement. In this stage, spinal movements in vari-
ous dynamic tasks and functional positions during daily life activities, for example, working overhead or taking part in physical activities, were targeted.
Examples of tasks and positions are shown in FIGURE 3.

FIGURE 3. Examples of exercises in stage 3.

HLL Exercise

The deadlift exercise focuses on maintenance of an optimal alignment of the spine and on activation of the stabilizing muscles during the lift. It could
therefore be considered to be an optimal high-load motor control exercise. The physical therapist chose an appropriate initial weight on the bar, based
on the participant’s pain history and pain response to the deadlift exercise. Participants reported their pain intensity before, during, and after the deadlift
session. Before each session, the participants were asked if their pain intensity increased after the previous session, and if it did, the load was not in-
creased. In consideration of the assumption that patients with low back pain generally have deconditioned tissues in their low back, a slow progression of
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the training intensity was employed as the load was increased by 2.5-kg increments. The participants learned an optimal lifting technique and the physi-
cal therapist ensured that the participants maintained a neutral alignment of the spine when performing the exercise and before increasing the load.

The exercise was executed accordingly (FIGURE 4). The participant stood in front of a barbell with Olympic weights, 22.5 cm above the ground, and
was instructed to position the lumbar spine in a neutral position and to activate the stabilizing muscles of the spine and trunk (FIGURE 4A). This was
controlled by the physical therapist before the lift commenced. Then, the participant squatted down, performing hip and knee flexion, maintaining the
lumbar spine in neutral, and grasping the barbell (FIGURE 4B). A simultaneous extension of the knee and hip joints was performed to lift the barbell
(FIGURE 4C) until the participant was in erect position (FIGURE 4D). The eccentric phase was initiated by lowering the barbell through hip flexion and
keeping the bar close to the thighs until it passed the knee-cap (FIGURE 4E), where knee flexion concluded the descent (FIGURE 4F). Each phase was
carried out with equal importance regarding activation of the stabilizing muscles to ascertain that the spine was held in neutral position. Between rep-
etitions, participants let go of the barbell and paused before initiating the next repetition. The total load was slowly progressed during the intervention
period by gradually increasing the number of lifts and/or the weight on the bar. The warm-up consisted of several sets at a low load, with more repeti-
tions before increasing the load on the bar. Thereafter, the participants initially rested about 5 minutes between sets and, as the training progressed,
the rest period between sets was extended to the time the participants felt comfortable to initiate the next set.

As the participants began treatment, the first sessions focused on teaching proper technique and activation of stabilizing muscles by using a low load
on the barbell, 5 to 10 repetitions per set, and moderate volume (total lifted weight per session). After the period of accommodation and neural adapta-
tion to the exercise, the training progressed by gradually increasing the volume by number of lifts per session and/or weight on the bar to higher loads,
and by shifting focus to stimulate hypertrophy and maximal strength. In this phase, depending on participant symptoms, the repetitions ranged from
1to 10, where a lower number of repetitions equaled higher loads. To keep track of each participant’s training and progression, the instructor noted
change in symptoms between sets, repetitions, and sessions as well as intensity of the previous session.

FIGURE 4. The deadlift exercise used as a high-load lifting exercise.
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APPENDIX A

Cognitive behaviors that influenced pain were also targeted. Participants who experienced kinesiophobia and who were apprehensive about stressing
their low back through lifting weights were reassured by the physical therapist that the risk of aggravating their symptoms was insignificant because of
the mild progression with 2.5-kg increments. Further, participants were taught about tissue and pain mechanisms and how weak muscles decrease sta-
bility of the low back and increase stress on pain-generating structures. The physical therapist emphasized the importance of maintaining the neutral
spine during daily activities to generate force through the limbs and decrease stress on the low back. The participants were also instructed to practice
the same lifting technique at home during their daily activities.

Abbreviations: HLL, high-load lifting group; LMC, low-load motor control group.

APPENDIX B

RESULTS OF THE ANALYSES COMPARING THE BASELINE DATA OF PARTICIPANTS WHO
PARTICIPATED IN THE 12-MONTH FOLLOW-UP AND THOSE WHO DID NOT PARTICIPATE*

Characteristic Answered Questionnaire at 12 mo Did Not Answer Questionnaire at 12 mo P Value
Age,y 43 =10 41+10 4401
Female, %* 49 (35, 63) 74 (52, 95) 0658
Taking analgesics, %* 45 (30, 59) 68 (45, 91) 0838
Physical activity moderate intensity, min/wk 180 =+ 162 142 =120 2221
Physical activity high intensity, min/wk 41+ 73 33 x50 3271
Kinesiophobia (17-68) 32+7 33+6 .balt
Roland-Morris questionnaire (0-24) 73 +438 73+32 942t
7-d VAS (0-100) 41.8 = 26.1 53.4 =242 0921
PSFS (0-10) 43+15 42 +15 J77¢
Characteristic Participated in Testing at 12 mo (n = 41) Did Not Participate in Testing at 12 mo (n =29) P Value
Lift strength, N 941 + 382 883 + 461 592t
Prone bridge, s 74 + 42 50 = 31 013t
Sidebridge on right arm, s 43 =28 37 £27 .362f
Biering-Sgrensen, s 90 + 41 70 = 35 031t
MC test battery, n 3517 33+x15 601t

Abbreviations: MC, movement control; PSFS, Patient-Specific Functional Scale; VAS, visual analog scale.

*Values are mean = SD unless otherwise indicated.

tIndependent-sample t test between those who remained in the study and those who did not.

Values are mean (95% confidence interval).

SChi-square test between those who remained in the study and those who did not.
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