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Abstract: Background: It is believed that ultrasound-guided imaging of activation/contraction of
the deep abdominal muscles (such as transervsus abdominis) is useful for assisting deep muscle
re-education, which is often dysfunctional in non-specific low back pain (NSLBP). Thus, this pilot
study aimed to evaluate the use of real-time ultrasound (US) as a feedback device for transverse
abdominis (TrA) activation/contraction during an exercise program in chronic NSLBP patients.
Methods: Twenty-three chronic NSLBP patients were recruited and randomly assigned to a US-
guided (n = 12, 8 women, 47.6 ± 2.55 years) or control group (n = 11, 9 women, 46.9 ± 4.29 years).
The same motor control-based exercise program was applied to both groups. All patients received
physiotherapy twice per week for seven weeks. Outcome measures, tested at baseline and post-
intervention, included Numeric Pain Rating Scale, TrA activation level (measured through a pressure
biofeedback unit-based developed protocol), seven established motor control tests, Roland-Morris
Disability Questionnaire and Hospital Anxiety and Depression Scale. Results: For each group, all
outcome variables yielded statistical differences post-intervention (p < 0.05), indicating significant
improvements. However, there were no significant group x time interactions for any of the outcomes
(p > 0.05), thus, indicating no superiority of the US-guided group over the control. Conclusions:
The addition of US as a visual feedback device for TrA re-education during a motor control exercise
program was not proven superior to traditional physiotherapy.

Keywords: low back pain; motor control exercises; real-time ultrasound imaging

1. Introduction

Non-specific low back pain (NSLBP) is one of the most common conditions affecting
general and specific population samples worldwide [1,2]. Low back muscle dysfunction
has been the subject of numerous studies, associated with chronic NSLBP. The muscles
believed to contribute significantly to trunk ‘stability’ are the deeper trunk muscles, such
as transversus abdominis (TrA) and multifidus, and some researchers have shown that
altered activation patterns of deep trunk muscles when present, are related to lack of spinal
stability [3–5].

In individuals with NSLBP, TrA contraction has been reported to be significantly
delayed in activation during a physical task or movement, indicating a potential for reduced
spinal stability as well as underlying motor control problems in the lumbopelvic region [6].
Indeed, it has also been reported by Panjabi [7] that both, multifidus and TrA have a greater
role than other deep muscles in lumbar stability, while at the same time demonstrating
a reduced cross-sectional area in patients with chronic NSLBP [8,9]. In individuals with
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NSLBP, the local musculature exhibits impaired motor control resulting in altered normal
muscle activation patterns [3,5,10–13]. Specifically, Lamoth et al. [14] presented altered
motor control patterns as a cause of increased chronicity and recurrence of low back pain
symptoms. Motor control exercises (MCE) are suggested to correct such deficits and
retrain optimal motor patterns as well as spinal motion control and are currently used by
physiotherapists worldwide for the management of NSLBP [15].

Individual activation of the deep abdominal muscles appears to be particularly difficult
for individuals with NSLBP. Studies in NSLBP subjects have reported overuse of the
rectus abdominis [16], as well as altered recruitment patterns of TrA [3]. TrA is deeply
located and cannot be palpated in isolation. To address the difficulties of teaching and
learning the activation/contraction of deeper muscles, several physiotherapy researchers
and clinicians advocate supplementing traditional feedback methods (i.e., verbal and/or
palpatory cues) with the use of real-time ultrasound imaging to provide increased visual
feedback for optimal effect [17]. Ultrasound (US) images of the abdominal wall can provide
accurate visual feedback and instant knowledge of performance to the patient by projecting
the contraction (muscle movement) of the subject’s deeper abdominal muscles on the
ultrasound screen in real time [18].

Thus, given the above, the purpose of this study was to explore whether combining
standard clinical education for TrA activation with real-time US-guided feedback is more
effective than traditional physiotherapy, while performing the same motor control exercise-
based exercise program in people with NSLBP.

2. Materials and Methods
2.1. Setting and Participants

A single-blind randomized controlled pilot trial with two intervention groups was
conducted during a four-month period. People with chronic NSLBP with/or without
related referred lower extremities symptoms were sought from the broader Achaia region
via an open invitation from the Physiotherapy department, which was made public through
social media and local press. Volunteers were selected if they were adults aged 18–60 years
old and suffered from NSLBP lasting longer than 12 weeks, producing moderate or severe
disability [19–21]. Excluded from the study were people with previous spinal surgery,
people suffering from systemic diseases and pregnant women [22–24].

The research protocol was approved by the Ethics Committee of the University of
Patras (protocol number 12614). Prior to the commencement of the study, all participants
signed an informed consent form.

2.2. Interventions

The intervention program lasted 7 weeks with a frequency of 2 individual sessions
per week, each session lasting approximately 30–40 min. The motor control exercise re-
habilitation program was developed through the literature and consisted of three phases;
warm-up, main program and recovery phase [8,25–27]. Warm-up included 6 exercises
(3 sets × 10 repetitions each), aiming to activate the structures to be used, to enhance
performance [28]. The main program consisted of a total of 11 exercises of progressive
difficulty. In each treatment session, 6 exercises (3 sets × 10 repetitions each) were per-
formed [29,30]. Regarding progression, in the first two weeks exercises were performed
from a lumbar non-loading position (crook lying position); in the next two weeks and as
long as the patient could correctly perform the most difficult exercises (10 repetitions with
a 10 s hold each), a progression was applied from other positions, such as quadruped,
then sitting, and finally standing. Recovery included 4 static self-stretching exercises, 2 to
4 repetitions each, lasting for 60 s [31,32]. A summary of the exercise program is provided in
Appendix A. Both (control and intervention) groups received the same therapeutic exercise
program. Participants were not allowed to receive other treatments for NSLBP during the
intervention period.
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2.2.1. Control Group

The control group received traditional tactile feedback from the therapist while per-
forming the motor control exercises for TrA activation. Traditionally, assessment of TrA
contraction involves palpation of the muscles [5,33,34]. The ability to assess TrA through
muscle palpation has moderate reliability [33] and is largely dependent on the examiner’s
skill, as TrA cannot be directly palpated (feedback sensation being limited from internal
oblique muscle) [18,33]. To control the activation of the abdominals the therapist placed his
hands on the inside of the anterior iliac crests (tactile feedback) and instructed the examinee
to pull the abdominal wall inward without moving the spine or pelvis (verbal feedback).

2.2.2. US-Guided Intervention Group

This group received visual feedback using real-time US for TrA activation, while
performing the exercises (Figure 1). The ultrasound equipment used was B-K Medical Mini
Focus 1402 equipped with high frequency linear probe (8670, 5–12 MHz) using standard
musculoskeletal settings and the software: V 1.01.01.137. Ultrasound gel (AQUASONIC®

100, Parker Inc., Orange, NJ, USA) was used as a coupling agent. TrA imaging was initially
performed with participants in crook lying, with the US head positioned along the lateral
abdominal wall with reference points at the lower point of the rib cage (last rib) and
the anterior superior iliac spine, on the right side of the person, midway between these
two points [34,35]. The US head was moved until we had the best possible visualization of
the lateral abdominal muscles (external oblique, internal oblique and TrA) [36]. During the
execution of the exercises, the participants could watch the ultrasound screen along with
the therapist’s guidance, thus receiving information (US-visual feedback) about their TrA
activation (Figure 1).

2.3. Outcome Measures
2.3.1. Patient-Reported Measures

Three popular for NSLBP self-reported questionnaires were used; Numerical Pain Rat-
ing Scale (NPRS) for measuring pain intensity [37], Roland-Morris Disability Questionnaire
(RMDQ), a 24-tem self-reported measure of low back pain-related disability [38] and Hospi-
tal Anxiety and Depression Scale (HADS), for identifying anxiety and depression [39], since
anxiety and/or depression often co-exist in chronic NSLBP populations and subsequently,
may hinder recovery.
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Figure 1. Transversus abdominis activation training with visual feedback using US. Positioning
of the patient and US probe (a). US imaging of the outer abdominal wall (b) Imaging of the abdominal
wall at rest (left) and during an isolated TrA contraction (right), showing an increase in the width of
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2.3.2. Clinician-Reported Measures
Motor Control Tests

Seven reliable motor control tests (Figure 2) previously utilized with chronic NSLBP
populations were used [29,40]. These were: (i) waiters bow, (ii) pelvic tilt, (iii) hook lying
position, (iv) quadruped position (flexion-control), (v) quadruped position (extension-
control), (vi) prone lying active knee flexion and (vii) sitting knee extension. An inter-tester
reliability procedure for these tests was conducted prior to data collection. Measurements
were performed by two trained physiotherapists on 10 subjects. Each subject was measured
first by one therapist and then by the other, whistle the order of the therapists was random.
A second measurement was performed one week after the first one. Physiotherapists
visually evaluated the movement quality of these tests, marked as correct or incorrect,
as indicated in relevant literature [29,40]. Inter-tester reliability was estimated on all
assessment attempts of the therapists on each subject.

TrA Activation and Standardization of Exercise Progression Level

We developed a progressive assessment procedure for TrA activation and exercise
progression sequence using the stabilizer pressure biofeedback unit (Chattanooga Group
model, US). This device is extensively popular and reliable for assessing, monitoring and
feedback on deep abdominal musculature, such as TrA by measuring a change in pressure
during abdominal muscle contraction [41–43].

By placing the biofeedback device on the subject’s back whistle supine and utilizing
specific verbal instructions along with tactile feedback for activating TrA, the pressure
being produced on the biofeedback during muscle contraction, ascertains whether the
patient is able to activate and/or sustain contraction of the muscles [3,44–46]. Progres-
sively, the difficulty is increased by adding more repetitions or longer contraction holds or
limb movements.
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For the study’s purposes, a pre-pilot was conducted in 10 people (5 with and 5 with-
out chronic NSLBP), to assist in developing and standardizing the exercise progression
levels [47,48]. For this purpose, an exercise selection in the crook lying position (with 80–90◦

of hip flexion and 45◦ of knee extension) was chosen. All patients had visual feedback
by monitoring the manometer on the pressure biofeedback device. Initially, the feedback
device was inflated to a pressure of 40 mmHg. By utilizing specific instructions [44–46],
each TrA contraction was requested to be activated and last 10 s, while the acceptable
pressure deviation during the execution of each contraction was required to be within 2 to
4 units mmHg change (between rest and contraction). The activation levels for allowing
exercise progressions to take place were determined as follows:

Level 1: Single contraction of the TrA, lasting 10 s
Level 2: Three TrA abdominal contractions, lasting 10 s
Level 3: Ten abdominal TrA contractions, lasting 10 s
Level 4: Holding the TrA contraction while performing 5 repetitions of side bending

(and return) of each leg (bend knee fallout and return)
Level 5: Holding the TrA contraction while performing 5 bend leg raises on each leg
Level 6: Holding the TrA contraction while performing 5 repetitions of bending and

extending each leg (leg slides).
Each participant was instructed to relax his/her whole body, especially the abdominals,

before each contraction. He/she was asked to perform a submaximal contraction of the
TrA for one repetition lasting 10 s and so on (in accordance with the biofeedback unit’s
requested measurement changes), whistle a 1-min break between each testing level was
given. Each participant’s assessment level was defined as that level at which he/she could
complete the required repetitions successfully and with relative ease. Inter-tester reliability
was also tested between the two therapists undertaking the assessment on two subsequent
measurements of this procedure (for each subject).

2.4. Randomization

Participants were randomly assigned to one of two treatment groups; those who
received ultrasound-guided feedback during their exercise intervention (US-guided group)
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and those who received the traditional exercise intervention, without ultrasound guidance
feedback (control group). Participants were tested at baseline and post-intervention. Eligi-
bility was assessed by a research physiotherapy assistant, who was blind to the scope of
the study. To divide individuals into one of the groups, the method of block randomization
in blocks of four was chosen (to ensure equal number allocation).

2.5. Data Analysis

The intraclass correlation coefficient (ICC1,2) was used in order to measure inter-tester
reliability of the TrA activation level and the motor control tests. Analysis of variance
utilizing a two-way mixed analysis of variance (ANOVA) model for dependent measures of
two factors (treatment group and time point of measurement) of which only one is repeated
(time point of measurement) was performed to determine whether there were between-
and within-group differences before and after treatment. Independent samples’ t-tests
and paired samples’ t-tests were also used for differences between and within groups,
respectively. An χ2 test was also conducted for differences in the motor control tests and
the TrA activation level procedure across the groups. SPSS 25.0 statistical package was
used to analyze the data. The level of significance was set at p < 0.05.

3. Results

Of 27 subjects with NSLBP who were evaluated, 23 (17 women, 6 men) met the
inclusion criteria for the study; four individuals were deemed ineligible (2 were older than
60 years old and 2 had systemic diseases). The 23 participants were randomly assigned
into two groups, the intervention (US-guided) group (n = 12, 8 women, 4 men, aged
47.6 ± 2.55 years) and the control group (n = 11, 9 women, 2 men, aged 46.9 ± 4.29 years).
No statistically significant differences were found on baseline (p > 0.05) across all variables.
No dropouts were reported as all 23 managed to attend and complete the intervention.
Figure 3 summarizes the Consort flow diagram for the study. Participants’ demographic
and clinical characteristics are listed in Table 1. The total sample (Table 2) and across groups
results (Tables 3 and 4) are summarized below.

Table 1. Baseline demographic and clinical characteristics for each group.

US Group
(n = 12)

Control Group
(n = 11)

Between Group
Differences

Mean (SD) 95% CI (Lower–Upper Bound) Mean (SD) 95% CI (Lower-Upper Bound) p-Value

Age (years) 47.67 (8.86) 42.04–53.29 47.18 (14.56) 37.40–56.96 0.923

Height (cm) 168.83 (9.49) 162.81–174.86 166.73 (8.95) 160.72–172.74 0.590

Weight (kg) 4.08 (3.15) 2.08–6.08 3.73 (3.29) 1.52–5.94 0.793

BMI (kg/m2) 2.75 (0.45) 2.46–3.04 2.82 (0.75) 2.31–3.32 0.915

Gender Frequency (Percentage)

Male 4 (33.3%) 2 (18.2%)

Female 8 (66.7%) 9 (81.8%) 0.408

SD = standard deviation, BMI = body mass index, n = number of participants, CI = Confidence Interval.

Table 2. Baseline and post-intervention results for the whole sample (n = 23).

Baseline Post Intervention Independent t

Mean Value (SD) p-Value

NPRS (at worst) 7.87 (1.74) 2.61 (1.75) <0.001 **

NPRS (at best) 1.87 (1.60) 0.13 (0.46) <0.001 **

NPRS (leg pain) 4.04 (4.09) 1.00 (1.54) <0.001 **

RMDQ 9.91 (5.06) 2.43 (2.43) <0.001 **

HADS-Anxiety 7.52 (3.85) 7.04 (3.90) 0.460

HADS-Depression 5.39 (3.04) 3.91 (3.15) 0.023 *

Frequency (Percentage) X2
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Table 2. Cont.

Baseline Post Intervention Independent t

Mean Value (SD) p-Value

TrA biofeedback level

Level 1 0 (0%) 0 (0%)

0.017 *

Level 2 1 (4.3%) 0 (0%)

Level 3 12 (52.2%) 7 (30.4%)

Level 4 9 (39.1%) 8 (34.8%)

Level 5 0 (0%) 5 (21.7%)

Level 6 1 (4.3%) 3 (13%)

Motor Control tests

Waiter’s bow 12 (52.2%) 21 (91.3%) 0.004 *

Pelvic tilt 15 (65.2%) 22 (95.7%) 0.010 *

Hook lying 3 (13%) 21 (91.3%) <0.001 **

Quadruped (flexion-control) 9 (39.1%) 19 (82.6%) 0.003 *

Quadruped (extension-control) 5 (21.7%) 17 (73.9%) <0.001 **

Active knee flexion in (prone) 15 (65.2%) 23 (100%) 0.002 *

Sitting knee extension 18 (78.3%) 23 (100%) 0.019 *
NPRS = Numerical Pain Rate Scale, RMDQ = Roland Morris Disability Questionnaire, HADS = Hospital Anxiety
and Depression Scale. * p is statistically significant (<0.05). ** p is highly significant (<0.001).

Table 3. Baseline and post-intervention outcomes on pain, disability, anxiety and depression
across groups.

US-Guided Group (n = 12) Control Group (n = 11)

Baseline Final Baseline Final Two-Way Anova

Mean Value (SD) p-Value

NPRS (worst) 7.33 (1.97) 2.83 (1.70) 8.45 (1.29) 2.36 (1.86) 0.593

NPRS (best) 1.75 (1.71) 0.08 (0.30) 2 (1.55) 0.18 (0.60) 0.655

NPRS (leg pain) 4.42 (4.70) 1.33 (1.83) 3.64 (3.50) 0.64 (1.12) 0.425

RMDQ 8.75 (4.52) 2.83 (2.33) 11.18 (5.53) 2 (2.57) 0.529

HADS-Anxiety 6.58 (4.21) 6.75 (3.96) 8.55 (3.30) 7.36 (4.01) 0.329

HADS-Depression 5.92 (2.97) 4.08 (3.29) 4.82 (3.16) 3.73 (3.29) 0.539
NPRS = Numerical Pain Rate Scale, RMDQ = Roland Morris Disability Questionnaire, HADS = Hospital Anxiety
and Depression Scale, MCT = motor control test.

Table 4. Results on TrA biofeedback assessment level and motor control tests across groups.

Baseline Post-Intervention

Clinical Tests US-Guided Control Group US-Guided Control Group

TrA Biofeedback Level Frequency (Percentage) Frequency (Percentage) p-Value

Level 1 0 (0%) 0 (0%) 0 (0%) 0 (0%)

0.898

Level 2 0 (0%) 1 (9.1%) 0 (0%) 0 (0%)

Level 3 4 (33.3%) 8 (72.7%) 4 (33.3%) 3 (27.3%)

Level 4 8 (66.7%) 1 (9.1%) 4 (33.3%) 4 (36.4%)

Level 5 0 (0%) 0 (0%) 2 (16.7%) 3 (27.3%)

Level 6 0 (0%) 1 (9.1%) 2 (16.7%) 1 (9.1%)

Motor Control Tests

Waiters bow 6 (50.0%) 6 (54.5%) 11 (91.7%) 10 (90.9%) 0.950

Pelvic tilt 8 (66.7%) 7 (63.6%) 12 (100%) 10 (90.9%) 0.296

Hook lying 3 (25.0%) 0 (0%) 12 (100%) 9 (81.8%) 0.131

Quadruped
(flexion-control) 5 (41.7%) 4 (36.4%) 11 (91.7%) 9 (75.0%) 0.242

Quadruped
(extension-control) 4 (33.3%) 1 (9.1%) 9 (75.0%) 9 (75.0%) 0.903
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Table 4. Cont.

Baseline Post-Intervention

Clinical Tests US-Guided Control Group US-Guided Control Group

TrA Biofeedback Level Frequency (Percentage) Frequency (Percentage) p-Value

Active knee flexion
(prone) 9 (75.0%) 6 (54.5%) 12 (100%) 11 (100%) 1.000

Sitting knee extension 9 (75.0%) 9 (81.8%) 12 (100%) 11 (100%) 1.000
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Results from frequency analysis regarding the whole sample, indicated that there are
statistically significant differences in all outcomes following the motor control intervention
(except for HADS anxiety, in which there were no statistically significant differences,
Table 2).

However, two-way mixed ANOVA results did not report statistically significant
differences between the two groups (US-guided versus control) in any of the outcomes
of pain, disability, anxiety or depression measured following the intervention (Table 3).
Additionally, chi square analysis between the groups post-intervention also yielded non-
significant differences across the groups on the TrA biofeedback level and the motor control
tests (Table 4).

The estimates of the ICC1,2 for the inter-tester reliability of the motor control and
biofeedback level assessment procedure across the two therapists were satisfactory (Table 5),
ranging from 0.55 to 0.86 except for hook lying and sitting knee extension, which scored
lower (0.39 and 0.31, respectively).

Table 5. Reliability results based on Intraclass Correlation Coefficients (ICC1,2) for the Biofeedback
level assessment procedure and the Motor control tests.

ICC1,2 Value

Biofeedback level assessment procedure 0.86

Motor Control Tests

Waiters bow 0.75

Pelvic tilt 0.65

Hook lying position 0.39

Quadruped (flexion control) 0.55

Quadruped (extension control) 0.72

Active knee flexion (in prone) 0.66

Sitting knee extension 0.31

4. Discussion

The present study applied motor learning principles to TrA activation/contraction
capacity during an 8-week progressive motor control exercise program, investigating
whether visual US-guided feedback is more effective in rehabilitation than the traditional
rehabilitation methods with palpatory cues. The results from this pilot study showed
that there were no statistically significant differences in all outcome measures between
the intervention and control groups; thus, not proving that US-guided biofeedback is
superior to traditional palpatory cuing. However, as far as the entire sample is concerned,
it appears that there were statistically significant improvements in all outcomes following
the intervention, except for the HADS anxiety scale, in which there were no differences.

Though our sample was small, and no conclusion can be made with confidence, it is
comparable with former studies as far as gender (reporting that women are more likely to ex-
perience back pain), disability, functionality and study outcome are concerned [8,14,18,25,49].

Six progressive levels of TrA activation were developed for the study, demonstrating
good inter-examiner reliability. Also, as no ceiling effects were scored by our sample, the
scale’s feasibility and usefulness are supported. Most participants before the intervention
were at an average level of TrA activation (52.2% were at Level 3 and 39.1% were at Level 4).
Despite previous studies [3] reporting difficulties in activating TrA prior to training, in our
sample this was not the case.

The addition of real-time US as a feedback-guided aid to the motor learning process
has been used in previous studies [10,18,36,50–55]. In some of them, it has been shown to
be superior to other methods (such as tactile or verbal feedback) [5]. However, this was not
confirmed in our study. After the intervention program, there was a significant improve-
ment in the level of TrA activation across both groups, indicating that the type of feedback
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provided during the exercise program was equally effective across the groups [18,36];
the intervention group, which received visual feedback using the US did not appear to
outperform. Our results may be partly explained by the fact that the initial TrA activation
level was satisfactory at baseline across our sample; thus, feedback may have not been
as necessary. Additionally, the fact that the control group did receive tactile feedback,
according to traditional (classic) physiotherapy session delivery methods, may also explain
the results.

These results partly agree with the study by Van et al. [50], in which 25 healthy subjects,
randomly divided into two groups, received different feedback (one group received visual
feedback by watching the multifidus muscle contract using the US plus verbal feedback,
and the other group received only verbal feedback); subjects from both groups equally
increased their multifidus muscle activation (however, the US feedback group retained
more of the motor skill than those receiving verbal feedback alone). Another study by
Henry and Westervelt [18], in which three groups of healthy subjects were evaluated for
TrA activation (verbal feedback group, verbal and tactile feedback group, US-guided visual
feedback group), showed that the US group had better results for TrA activation, requiring
significantly fewer trials to reach the performance criterion, however, no differences among
groups were found long-term. Both studies, however, used healthy asymptomatic samples.
From the above, we conclude that further research on patient samples with no TrA activa-
tion capacity would be of great interest in investigating US-guided feedback. Nevertheless,
the addition of rehabilitative ultrasound imaging (RUSI) to the implementation of the motor
control exercise program facilitates both the therapist, who has a picture of the deeper
muscle contractions in real time and the patient, who seems to understand better and much
faster what to do.

Regarding the whole sample, showing improvements in all outcomes measured,
our results confirm two previous studies [18,52] on the therapeutic benefits of providing
feedback in motor learning. Also, the results of this study come to confirm the fact that
the application of motor control exercises (MCE) can bring about an improvement both
in the levels of pain and in the levels of functionality for the individual. These results
are in agreement with previous studies [16,56–58], demonstrating positive results both for
improving pain and function in their samples. According to Ferreira et al. [59], the effects
of treatment with motor control exercises are greater in subjects suffering from NSLBP and
showing poorer TrA activation. It has been debated whether MCE should focus on the
isolated contraction of the local musculature or whether exercises should aim at activating
all abdominal and back extensor muscles to ensure spinal stability and endurance [60], as
recent research shows that there is increased activation of the deep abdominals in functional
and weight-bearing postures [13,61,62].

It is not yet known whether the improvements of MCE on pain and physical disability
in NSLBP are due to the isolated activation of the local musculature or to the later stages
of the intervention, where, loaded postures to co-contracting trunk muscles are being
involved. Isolated contraction of the local muscles, however, appears necessary to restore
disrupted local musculature activation patterns in low back pain populations [63,64]. From
the above, it is concluded that further research is needed to investigate the underlying
mechanisms of the effect of these exercises on pain and functional limitations.

Clinical Relevance: The results of the present research revealed that both groups
improved their level of achievement regardless of the kind of feedback that was provided;
any kind of feedback given (either tactile or via RUSI) is an effective tool for physiotherapists
to use clinically for the activation of the TrA during motor skill training [53]. Principles
of motor learning can be used to explain why visual feedback is beneficial for people
with NSLBP. Clinicians have highlighted the difficulty that patients face when trying to
selectively activate deep abdominal musculature (e.g., TrA) [65]. This may be due to
processes such as reflex inhibition [66]; and, since individuals with low back pain have
been shown to have reduced proprioception, which affects their ability to provide and
process endogenous feedback, increased extrinsic visual feedback may be indicated [67].
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Our conclusions are consistent with motor learning principles, however, they do not
acknowledge the superiority of visual feedback over classic tactile feedback.

Limitations and future suggestions: The study, in view of being a preliminary (pilot)
one, included a relatively small sample, and, even if it resembled a typical chronic NSLBP
patient sample, the validity of our findings is limited. Also, both groups had a fair TrA
contraction at baseline; thus, possibly limiting the effectiveness of the intervention. Another
shortcoming is that the results were assessed immediately after the intervention, without
providing follow-up, though previous studies have shown maintenance of improvement in
subsequent long-term reassessments [51,53,54].

Future studies should also target patient samples with no or minimal TrA activation.
Also, larger samples and the training of TrA activation using real-time ultrasound during
functional skills (e.g., work, sports) are needed. Electromyographic measurement to record
changes during training and during test performance would add to the validity of our
findings and its use in muscle activation; only one study has used electromyography
as a means of post-training assessment combined with RUSI feedback [55]. Finally, we
also believe that TrA activation training programs that apply motor learning principles
(e.g., feedback using RUSI) [68] and offer activity-specific training will improve learning
and may produce greater compliance with respect to the work environment [54].

5. Conclusions

Both, the US-guided feedback group and the control (traditional intervention) yielded
statistically significant improvements (p > 0.05) post-intervention in all measured variables
(pain, pressure stabilizer scores, motor control disability, anxiety and depression). However,
there were no significant group x time interactions for any of the outcomes, thus, not
indicating any superiority of the US-guided group against the control.

These findings, though cannot be generalized, confirm the benefits of motor control
exercises in reducing pain, improving function, psychosocial levels, motor control and TrA
muscle activation across our NSLBP sample. The results of this pilot confirm the connection
of deficient motor control with NSLBP and that the treatment of these disturbances focusing
on motor control exercise programs is important. Future studies should focus on exploring
optimal feedback type on patient samples with minimal or no TrA or other deep spinal
muscle activation.
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Appendix A
Warm-up Phase

3 sets of 10 repetitions
Intervention/Details Figures

(1) Patient lies on his back with bent legs
and tries to perform a posterior pelvic tilt.
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(6) From a quadruped position, hands on
shoulder height and knees onhip height,
patient perform the “cat-camel” exercise.
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(3) TrA contraction (from 
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(5) TrA contraction in prone with
alternative knee flexion to 90◦.
Contraction relaxes when leg returns to
the starting position (extension/
rotation control).
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trying to keep the waist flat. The
contraction is relaxed on return to starting
position (flexion control).
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starting position (extension control).
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(8) TrA contraction in sitting with the
body upright and the arms relaxed by the
side of the body. Patient extends knee
slowly (but not fully) whistle trying th
maintain TrA contraction and posture.
Contraction is relaxed by returning the leg
to the starting position (partial
weight-bearing flexion control).
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(10) Standing resting comfortable the
spine on the wall with knees flexed away
from the wall. TrA contraction while the
patient performed a posterio pelvic tilt.
The contraction is relaxed by returning to
the starting position (weight-bearing
flexion control).
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(11) TrA contraction in standing. Patient
tries to bend forwards (bowing) trying to
keep the waist straight (flat). Trunk
flexion should occur from the hips (not
from the waist). Hands can be used for
additional support. The contraction is
relaxed by returning to the starting
position (weight-bearing
flexion/extension control).
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brings it towards the chest 
(piroformis stretch).   
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brings it towards the chest 
(piroformis stretch).   
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(4) Supine position with the legs relaxed
and using a belt the patient brings the leg
outstretched into flexion until a pull is felt
on the back of the leg and holds it firmly
there (hamstring stretch).
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