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Los fisioterapeutas utilizan la ecografia de rehabilitacion (RUSI) como una herramienta de retroalimentacién para medir
los cambios en la morfologia muscular durante intervenciones terapéuticas como los ejercicios de control motor (MCE).
Sin embargo, falta una descripcion estructurada de su eficacia.
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| 1. Introduction

Motor control exercise (MCE) consists of an exercise-based intervention focused on the activation of deep muscles to
improve the control and coordination of these muscles . MCE is widely used since evidence suggests improvements in
pain, function, self-perceived recovery and quality of life up to 12 weeks 1. Several mechanisms, including the lack of
stability of the spine, impaired motor control and/or muscle activity patterns, or disturbed proprioception and restricted
range of motion, have been proposed for explaining non-specific spine pain [&. Motor control exercises aim to restore
muscular coordination, control and capacity by training isolated contractions of deep trunk muscles while maintaining a
normal breathing and progressing to pre-activate and maintain the contraction during dynamic and functional tasks (!,
Given the difficulty that some patients can perceive during MCE, these exercises are usually performed in supervised
sessions providing biofeedback on the activation of trunk muscles for facilitating the awareness and control of these deep
muscles’ isolated contractions 4,

According to the definition provided by Blumenstein et al. &, biofeedback refers to external psychological, physical, or
augmented proprioceptive feedback that is used to increase an individual’s cognition of what is occurring physiologically in
the body. Although several modalities are described in the literature (e.g., electroencephalography, skin resistance,
electrocardiography, sphygmomanometry, strain-gauge devices, thermal feedback), the most used biofeedback modalities
include ultrasound imaging, pressure biofeedback units and electromyography.

Ultrasound imaging (US) is a fast, easy, safe, noninvasive and low-cost real-time method frequently used for assessing
muscle morphology (e.g., thickness, cross-sectional area and volume) &, quality (e.g., echo-intensity and fatty infiltration)
1 and function . This method allows both patients and clinicians to see in real time muscle morphology changes, since
this is sensitive to positive and negative changes and therefore is valid for measuring trunk muscle activation during
isometric submaximal contractions [,

Surface electromyography, which consists of placing surface electrodes to detect changes in skeletal muscle activity for
providing to the patient a visual or auditory signal for either increasing or reducing muscle activity, is also used as a
biofeedback method in rehabilitation UL However, surface EMG cannot be used for assessing deep muscles and
needle electrodes are needed 12,

Finally, pressure biofeedback units are also commonly used since they are economic and easy to apply in a clinical
setting. This instrument consists of an inflatable cushion which is connected to a pressure gage, which displays feedback
on muscle activity 131,

Since the last systematic review assessing the efficacy of Rehabilitative Ultrasound Imaging (RUSI) for enhancing the
performance and contraction endurance of skeletal muscles during MCE was published more than 10 years ago and new
evidence is available 14!, an updated systematic review is needed.

| 2. Study Selection

The results of the search and selection process (identification, screening, eligibility and analyzed) from the 1084 studies
identified in the search to the 11 studies included in the review LSREIAZ18I19)20121][22)[23][24][25] are described in the flow



diagram shown in Figure 1.
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Figure 1. Preferred Reporting Items for Systematic reviews and Meta-Analyses (PRISMA) flowchart.

| 3. Methodological Quality and Risk of Bias

The methodological quality scores ranged from 4 to 9 (mean: 6.4, SD: 1.4) out of a maximum of 10 points (Table 1). The
most consistent flaws were lack of participants (all studies) and therapist blinding (ten studies), concealed allocation (just
five studies considered a concealed allocation) and providing point measures and measures of variability (eight studies).

Table 1. Methodological quality assessment of the included studies.

PEDro Scale Items Score
Reference. Study Type
1 2 3 4 5 6 7 8 9 10 11

De la Fuente et al., 2020 15 RCT + + - + - - + + + + + 7
Henry et al., 2005 (18] RCT + O+ -+ = = 4+ o+ + + - 6
Herbert et al., 2008 17 RCT O+ o+ o+ - -+ o+ + - 7
Lee et al., 2016 (28] RCT + O+ - o+ = = - ¥+ + - 5
Lee et al., 2018 1% RCT e T - 6
Lin et al., 2021 2% RCT + O+ - o+ = = - & % + - 5
McKenna et al., 2020 2! RCT + O+ o+ o+ - =+ o+ 4 + 8
Park et al., 2011 22 cT + - - + = = - & % * - 4
Solomon et al., 2003 [ RCT e e L L - 7
Teyhen et al., 2006 24 RCT + 0+ o+ o+ -+ 4+ o+ o+ " + 9
Van et al., 2006 23 RCT e e L L - 7

RCT: Randomized Clinical Trial; CT: Clinical Trial. 1: selection criteria; 2: random allocation; 3: concealed allocation; 4:
similarity at baseline; 5: subject blinding; 6: therapist blinding; 7: assessor blinding; 8: >85% measures for initial
participants; 9: intention to treat; 10: between-group statistical comparisons; 11: point and variability measures. None of
the selected articles had a conflict of interest; —: No; +: Yes.



The risk of bias analysis is described in Figure 2. Seven studies showed an overall low risk of bias 12ILEI[L7][20][21](23]24]

However, four studies presented some concerns regarding the measurement of the outcomes and the reported results
which should be considered on data interpretation [L81(191122]125]
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Figure 2. Risk of bias traffic-light plot.

| 4. Data Analysis

Table 2 summarizes the studies included in this systematic review investigating the efficacy of RUSI as biofeedback tool
during MCE. The included studies compared RUSI visual feedback against verbal (n = 8) LSILEI18I[19][20][221[24][25] tactile (n
= 5) [L6I8]21]123][24] gnq pressure unit (n = 2) 18l23] feedback. Further, one study evaluated different modalities of RUSI
visual feedback (constant versus variable) 12,

Table 2. Data of the studies investigating RUSI as the biofeedback method for MCE.
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Study Population Comparator Interventions Tasks Outcomes Results
Assessed
To determine
the baseline
performance of
the patient’s
ability to per-
All patients fx_)rm the /'}D.IM
prior to training,
were placed .
on quadruped SbeJGCtS were
position. instructed tc_)
In both contra_ct their Int_rar.'ftt_er
groups, tactile ab(_ion_unals l?y Ul_trasqund rellabll!ty
and \;erbal bringing their imaging measuring
instructions belly_ button up T_hlckness Iaterél
were provided and_ in tt_)wards differences abdominal
to all subjects their spine. No between rest_ aimd n_nuscle
n=30 . other ADIM. In addition, thickness
patients with Tactile and n e:?ch instruction or a reliability exceeded 0.93.
chronic low verbal pA?tS;rIfh: tactile cues Transversus analysis was On average,
Teyhen back pain feedback training in were provid'ed. Abdominis performed. patients in both
ctal (18M/12F) vs.. quadruped After baseline Inte.rnal Performfance groups
2005 124] Age: 62.0 = Tactile, patients wer,e measurements Oblique retention demonstrated a
12.8 years verbal and then randomly were obtained, External At the end of the 2-fold increase
Exercise RUSI assigned to all subjects Oblique first session, all in the thickness
compliance: feedback receive further received an subjects received of the TrA
83.0% instruction education instruction on the during the
using se_s_sion_ and home exercise ADIM.
traditional training _|n the program and Performance: of
training (visual ADI_IV! in3 were asked to the ADI_M did
+ tactile positions: return after 4 not differ
quadruped, days. between the
feedback) or seated and groups
traditional supine ’
training with A total o% 5
biofeedback in contraction
the ADIM.

attempts, each
with a 10-s
hold, were
performed in
each of the 3
positions.




Muscles

Study Population Comparator Interventions Tasks Outcomes Results
Assessed
Subjects from
both groups
improved their
Subjects were voluntary
placed in a Prior to testing contraction of
prone position. in the the multifidus
All subjects acquisition muscle in the
received phase, all acquisition
feedback on subjects phase (p <
the number of received the 0.001) and the
millimeters of same initial ability to recruit
increase in explanation the multifidus
muscle relating to the muscle differed
thickness that multifidus between groups
occurred with muscle. U;:.‘.'r,:lsc;:nd (p < 0.05), with
contraction of Each subject ging subjects in the
the multifidus performed a To assess group that
n=25 Verbal . multifidus muscle . .
(KR), with the total of 10 . received visual
healthy feedback R . . contraction, the
Van et - aim being to contractions . ultrasound
participants Vs. . R o Lumbar difference .
al., 2006 increase this (acquisition . biofeedback
[25] (6M/19F) Verbal and . multifidus between the Lo
value. phase) with 20 s - achieving
Age: 19.1- RUSI L multifidus muscle
In addition to of rest between . greater
19.9 years feedback - thickness at rest .
the provision measurements. and durin improvements.
of KR, After N 9 In addition, the
. . X contraction was
subjects in the completing the group that
L calculated. . .
other group 10 trials in the received visual
received acquisition ultrasound
biofeedback in phase, all biofeedback
the form of subjects were retained their
visual asked to return improvement in

observation of
the ultrasound
image of the
muscle
contraction as
it occurred.

in 1 week for
follow-up
assessments
(retention
phase).

performance
from week 1 to
week 2 (p >
0.90), whereas
the performance
of the other
group
decreased (p <
0.05).




