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Abstract

Low back pain (LBP) is one of the most frequentithearoblems worldwide affecting

both work and personal life. While physical exegdiscusing on the core muscles is
commonly used as part of treatment, there is nesic overview of exercise
specificity and intensity among people with chroolBP (CLBP). This manuscript aims

to systematically review the literature on core aeigictivity assessed by
electromyography (EMG) during exercises in adulth won-specific CLBP. This
systematic review serves as a reference guideeiselection of core muscle exercises for

non-specific CLBP.

Keywords: electromyography; exercise; motor confblsiotherapy; rehabilitation;

spine; trunk.

Abstract word count: 91

I ntroduction

Low back pain (LBP) is one of the most frequentithegaroblems worldwide with a
lifetime prevalence of up to 84% (66). LBP occursll stages of life, although with
lower prevalence before adolescence and a dedrettszonset of new episodes in the
last decade of life (35). Although most cases ot@pain subside spontaneously by the
effect of natural history (49), most people expeceeat least one episode of recurrence
(31,61). In approximately 20-30% of cases the pambe persistent and disabling,
limiting activity in sports, work and social lif@%). High intensities of LBP gradually
increase the risk for long-term sickness abserare fwork (1). For this reason, LBP is
the leading cause of disability in people less #aryears of age and the most costly in

people aged 20 to 57 years (35).



There are many different classifications of LBRenfbased on duration and
cause. In terms of duration, chronic LBP (CLBP) bardefined as pain persisting for at
least 12 weeks in the area between the lower dltlan gluteal fold(3,9,54). In terms of
cause, multiple etiologies such as radicular prokler osteoarthritis may be the origin
of the patient’'s symptomatology. Thus, clinicalsslidications have been used to help in
managing patients with LBP (55,56).

Chronicity and disability of LBP have increasedmtessthe significant increase
of investment in research, radiological imagingatment, and medication (8). In the
United States, opioids are the most prescribed ¢fpleug for back pain (36). However,
opioids are associated with a number of adversetsifcomplications, and fatal
overdoses (52). Nevertheless, there is no evidénateise of opioids improves return to
work or reduces the need for other treatments (81gddition, a recent systematic
review showed that real surgery is no better tteamssurgery for CLBP (38). For these
reasons, researchers and clinicians have durinigshdecade made an effort to change
the paradigm of LBP, looking for possible causes iamplementing new treatment
approaches.

Regarding the causal mechanisms, several diffesegxist between patients
with and without CLBP, for example, in morphologydeelectromyographic (EMG)
activity of the core muscles. Motor control impaamts have been found in patients
with LBP, with a delayed EMG timing response (14dl altered patterns of muscle
recruitment (16,57). Alterations in trunk EMG adiyvhave been found in patients with
CLBP during daily activities and exercises compacedealthy adults (13,22) .
Moreover, patients with CLBP generally have lowenbar extension strength (11,58),
reduced paraspinal muscle cross sectional aredQ)l 8ygher fat infiltration and

changes in the ratio of muscle fiber types (44,68Y higher levels of perceived fatigue



compared to healthy subjects (47). Some researahdrslinicians have suggested that
the lumbar multifidus, transversus abdominis, anadgatus lumborum could be the
most impaired among the trunk muscles, reportisg@ations between LBP and
dysfunction of these muscles (29,32-34).

Among the many available options, active exergsanie of the most used
treatments (43). Specifically, lumbar stabilizattosining has been used extensively for
the management of LBP. This type of training aimadtivate deep and superficial
spinal muscles (7) and to achieve an adequate posikion above pelvis structure to
favor the movement and the energy transfer frondisial segments of the limbs (12).
Using such training, therapists aim to improve newscular control and recruitment,
improving the ability to perform daily life activets and indirectly reducing pain and
disability. However, a wide variety of exercisegy(edynamic or isometric) and
complementary techniques (e.g., bracing maneuwesise For this purpose, proper
exercise selection is a key aspect to provide pssjve neuromuscular challenges for
the muscles of interest.

Surface EMG is commonly used to assess levels stlawactivity and patterns
of recruitment (65). During recent years, reseachave evaluated EMG of the core
muscles in exercises commonly performed by patmiits LBP. However, most of the
studies used healthy participants (15,17,23-26B&)ause EMG activity is different in
subjects with and without LBP, no systematic ovawdf EMG activity during such
exercises in patients with LBP exists. Howeverhsaformation is important for
improving clinical decision-making with objectivata to select appropriate exercises
for each specific muscle, at each training sessistage of treatment, as well as the

possibility of creating new management and prevargirategies.



The aim of this study was to systematically revibw literature evaluating

EMG activity of commonly used muscles in exercige<CLBP.

M ethods

Search

Between October 2016 and February 2017 an electssairch was conducted by three
researchers using PubMed, PEDro, ScienceDirectaBeylSport Discus and Proquest
Central databases for English-language studiesgiaal after January 1, 2001. For this
purpose, an adaptation of the terms specified blel'a was used considering the
characteristics of each search engine. Furthernaareggnual search was performed
based on the references cited in the located estiéldditionally, a search about
physical exercise and LBP was carried out usingbehrane Library. Only full-text

articles written in English were included.

[Table 1 near here]

Selection

Although descriptive studies about EMG of exercigege searched for, other types of
studies were not ruled out. Interventions recordtMG in exercises prior to initiation
of the program were included. Selection criteriacufor the systematic review are

shown in Table 2.

[Table 2 near here]



After deleting duplicated results, one author soeeethe titles and abstracts and
excluded irrelevant studies. Two other authorsyaeal the full-text of the remaining
studies to verify compliance with the selectiontesta. In case of doubt, the three

authors met and discussed the paper until agreenaenteached.

Normalized EMG (nEMG) activity classification

We classified exercise intensity based on the leVeEMG.:

* Low muscle nEMG activity: <20%
* Moderate NEMG activity: 20-40%
* High nEMG activity: 41-60%

* Very high nEMG activity: >60%

Methodological quality assessment

To our knowledge, there is no standard scale tesasbe methodological quality of
observational studies using EM&3). However, in an effort to judge the quality of the
included studies, some items of the Effective RuHealth Practice Project (EPHPP)
quality assessment tool were used, as other autlitbis a similar type of reviewo).

The EPHPP quality assessment tool subjectivelsifiathe studies to strong,

moderate, or low qualit{19,37). The nine items assessed are study design, selecti
bias, blinding, confounders, data collection methadthdrawals and dropouts,
intervention integrity, and analysis. Accordinghe GRADE system, in observational
studies, confidence and quality are reduced whemomnore of the following occur:
wrong selection criteria of the population, inadagumeasures of exposure or outcome,

inadequate control of confounding factors or inctatgfollow-up of the patients9).



Accordingly, due to the type of studies includedha present systematic
review, only 1) selection bias, 2) data collectiang 3) reporting of data were
evaluated. The first two elements were assessexutding to the instructions of the
EPHPP tool. Reporting of data was considered wieiakpiortant procedures or results
were not described, moderate if all the importafdarmation was reported but
inaccurately, and strong if the data reporting paases were correct. Likewise, the
quality of the studies was globally rated as strahgn none of the sections were rated
as weak, moderate when there was one sectionaatedak, and weak when there
were two or more sections considered as weak. WEmmend these criteria to be

included in future systematic reviews of EMG duregprcises.

RESULTS

Search results

Five studies were included based on the manuatiselartotal, 1653 studies were
found by means of the search process. After dgleluplicates, the search yielded 756
studies. Based on screening of titles and abstrat¥studies were potentially relevant.
After screening full-text articles, a total of eigitudies were included in the systematic
review (3,20,39,41,42,45,51,67). Seventy-sevenesudere deemed ineligible.
Reasons for exclusion were non-relevance of thatystu non-compliance with the

election criteria. Figure 1 shows graphically thiscess by means of a flowchart.

[Figure 1 near here]



I ncluded studies

Characteristics of included studies

In total, 105 subjects were enrolled in the 8 ideld studies. The average ages ranged
between 23.0 and 49.7 years. There was a predocardrstudies assessing only
women. Body Mass Index (BMI) ranged between 21di2B1 kg/m. Kim et al. (42)
did not show the BMI of the sample. Overall, thegominant patient type of the

present review is the young adult woman.

Included exercises

Several exercises have been used for strength#merigack muscles, both in relation to
health and performance. In this systematic revie8wexercises were included.
However, some were repeated exercises or varifithe same exercise. The
quadruped opposite arm-leg raise and prone himsixte are two examples of these
kinds of exercises, and both were evaluated inrakweéthe included studies. Table 3

shows the exercises evaluated in each study andukeles analyzed with EMG.

[Table 3 near here]

NEMG activity results

Reporting normalized values of the muscle EMG d@gtig a minimum requirement for
the study election. However, Oh (51) only presetitedvalues that the authors
considered interesting for their hypothesis disicusdeing able to obtain only half of
the muscle activity data recorded in this studyti@rmore, in two articleg,39) the

results were not shown with numerical values, innpgthe extraction of EMG values.



For this reason, data were included in the revigunbans of percentages. Seven
studies (20,39,41,42,45,51,67) expressed the mawigwluntary isometric contraction
(MVIC), a standardized, objective, and sensitiva for the measurement of muscle
activity. Kim et al. (41) expressed the EMG activity means of a submaximum
voluntary isometric contraction to normalize theahbte EMG amplitudes of two of the
muscles analyzed (gluteus maximus and erectorepioaiming that @ maximal
contraction of this musculature could have exaderbthe symptomatology. By
contrast, Arokoski et al. (3) normalized muscle\dist of each exercise to the maximal
EMG amplitude obtained during a maximal voluntdyypamic contraction of the back
and abdominal muscles using an isokinetic deviebld4 shows the nEMG activity

recorded for each muscle in the studies includetanreview.

[Table 4 near here]

Analyzed muscles

External oblique

The EMG activity of the external oblique was analyzn four studie$3,20,45,67),
recording the EMG activity of the musculature iffetient shoulder and hip
movements, the bridge exercise, and the side britge highest nNEMG activity was
found in the side bridge performed with abdominalcing (115.1% + 13.4) (45),
followed by the side bridge (108.9% * 12.6) (45)eTowest nEMG activity was

observed in the squat (8.1% + 4.9, 12.1% + RONMS5).



Rectus abdominis

Four studie$3,20,45,67) evaluated the EMG activity of the rectus abdomimltse
highest values were found in the side bridge peréal with abdominal bracing (57.1%
+ 9.5)(45) and in the resisted upper-extremity extensionevstidnding (50-55%3).
The lowest value was registered using handheldm®ignd alternating shoulder
flexion while sitting straight (0-5%B) or standing (0-5%{3), handheld weight and
alternating shoulder flexion while standing straigh the balance board (0-5%8), the
backward and forward rocking in an elevated sitpogition (0-5%)3), and the hip

bridge exercise (0-5%3).

Erector spinae

The EMG activity of the erector spinae was analyindive studies. However, different
positions of electrode placement on the back weseeluDesai and Marsh#&#0) and
Marshall and Desd#5) positioned the electrodes around L4-L5, (Gh) and Kim et al.
(41) around L1 of the erector spinae, whereas Kial.€42) did not describe the exact
position. At L4-L5, the highest nEMG activity wabtained in the side bridge
performed with abdominal bracing (63.2% + 11.0))(4%e highest nEMG activity
found at L1 was obtained in the prone hip exten§sdn87% + 11.69) (51).

In two studies, conditions of instability and use&omplementary techniques
like abdominal bracing obtained higher values twaen performed under normal
conditions, except for the squat, where conditimnsstability obtained lower nEMG
activity than conditions of stabilit20,45). Moreover, in two other studies, exercises
performed with complementary techniques and tdiés,a pelvic belt (41) or a visual
biofeedback with a laser pointer fixed to a pebti@p (42), obtained lower NEMG

activity of the erector spinae than the same egesgperformed without those tools.



Lumbar multifidus

Three studies analyzed the EMG activity of the laminultifidus. Arokoski et al. (3)
and Yoon et al. (67) recorded the EMG activity tgcpg the electrodes at the
vertebral level L5. However, Jung et al. (39) releat the signal laterally to the midline
of the trunk and above the line connecting bothptb&terior superior iliac spines. The
highest value was obtained in the bilateral leg®esion while prone (70-75%) (3) and
in the unilateral knee extension while keeping hipthe bridged position on a soft ball
(65-70%) (3). The lowest value was registered ertdsisted upper-extremity extension

while standing (5-10%(3) and in the transversus abdominis exercise (5-18%)

Internal oblique

Only two studies analyzed the EMG activity of theernal oblique. Comparing some
exercises of core stability performed in conditiohgnstability, Jung et al. (39) showed
greater muscle activity of the internal obliquehe plank (30.10% * 6.22) than in the
bridge exercise (9.81% * 6.68) , both performedgisin unstable surface. Yoon et al.
(67) reported higher levels of muscle activity witgradruped opposite arm-leg raise

were performed than when the same exercise weferped with arm or leg elevation.

Thoracic part of theiliocostalis lumborum

The EMG activity of the thoracic part of the ilictalis lumborum was evaluated in the
same studies that included the internal obliquéhikcase, quadruped opposite arm-leg
raise produced the highest nEMG activity (40-606@)( Comparing exercises
performed in conditions of instability, the plantained a lower nNEMG activity
(11.16% = 7.40) (39) than the bridge exercise %2 11.05) (39), both performed in

conditions of instability.

10



Gluteus maximus

Three studies evaluated the EMG activity of theegls maximus performing different
exercises. Oh (51) and Kim et al. (41) comparectbee hip extension with and
without a pelvic compression, obtaining an nEMG\atgt slightly lower when the
exercise was performed with the pelvic belt (24.18%59 and 27.24% + 10.59)
(41,51) than when performed without (30.31% + 1404 33.31% + 16.69%6,47].

Kim et al. (42) registered higher nEMG activitytbé gluteus maximus in the bridge
exercise using trajectory exercises by using a las@ter fixed to a pelvic strap (28.6%

+ 18.0) (42) than without using them (21.3% + 144D).

Methodological quality

One study showed weak methodological quality andrsstudies showed moderate
methodological quality. None of the studies showigth methodological quality. Table

5 shows the results of the applied methodologicaluation scale.

[Table 5 near here]

DISCUSSION

The main purpose of this paper was to systematioalliew the literature evaluating
core muscle activity assessed by EMG in common téBRabilitation exercises, using
patients with CLBP. An important discovery was tbaly few studies evaluated muscle
EMG activity in patients with CLBP during typicahabilitation exercises.

Some authors have shown associations of LBP watysunction of the lumbar
multifidus, the quadratus lumborum, and the trarmy@abdominis (29,34).

Interestingly, none of the studies included in tleiiew measured EMG activity of the

11



quadratus lumborum or the transversus abdominis.firfding is in line with a similar
systematic review published by Martuscello et4#)(who reviewed studies evaluating
exercises routinely used for the treatment of LB#®@ag healthy subjects. In that
review, the authors did not find any studies anatyzjuadratus lumborum EMG
activity and only found few studies evaluating sa@rsus abdominis EMG activity. A
plausible reason may be the difficulty in measudegp muscles with surface EMG.
For example, some authors measured the lumbarfitudtivith surface EMG,

although a previous study showed that surface ElsllGes do not clearly reflect the
activity of the muscle, being instead associateti Wie adjacent longissimus muscles
(62).

Core stability exercises are usually performed isically, for example, by
using bridging exercises or planks, which actiaatgerficial muscles (10,45) and deep
core musculature (mainly responsible for the maiaee of the stability during the
movement) (46). For example, the side bridge ezerperformed with abdominal
bracing) showed the highest activity of all exessifor three important muscles:
external oblique, rectus abdominis, and erectarasgg45). An important part of the
core stability exercises analyzed in this revieewvstd low or moderate activity of the
rectus abdominis (3,20,42,45,67), except for tde bridge that achieved high (55.0%
+ 23.4) (20) and very high (60.5% * 6.8) (45) nEMG@ivity. However, the same
exercises showed higher activity for the extertdilqoie, the erector spinae, and
especially the lumbar multifidus (3,20,45). Thenil@xercise (prone bridging exercise)
has been widely studied and generates high nEMi@tgdor the rectus abdominis in
healthy subjects (10,27). However, only one stuthiyzed a unique variation of the

exercise performed in conditions of instability ©LBP, showing high rectus

12



abdominis activity (42.1% + 18.59) (39), moderatteinal oblique activity (30.1% +
6.22) (39), and low lumbar multifidus activity (08% * 11.02) (39).

The results of the included studies showed low nEM@®yity of the rectus
abdominis in the lower and upper limbs exercisesrered, except for the resisted
upper-extremity extension while standing. HoweweiMG activity of the external
oblique, lumbar multifidus, and erector spinae wggaerally moderate or high in this
modality of exercises (3,20,45). Exercises likelihateral prone hip extension showed
very high nEMG activity of the lumbar multifidus wh were externally resisted (70-
75%) (3) and high nEMG activity when not externaibgisted (55-60%) (3). Regarding
the gluteus maximus, only two exercises (proneskipnsion and supine bridging) and
their variants were analyzed in the included stdiFevious studies in healthy subjects
found high muscle activity of gluteus maximus ie #ide plank with hip abduction, the
single limb squat, and the clamshell exercise ¢lam) (6). This finding suggests that
these exercises could also be used to efficientiyate the gluteus maximus muscle in
subjects with CLBP, although future studies shaaldoborate this.

A recent systematic review published by Martuscetlal. (46), reported that
the squat, deadlift and lunge exercises providedaraie to very high lumbar core
muscle activity in healthy subjects, especially we&ternal loads were added.
Interestingly, we found few studies using extetoatls, and these studies reported
absolute loads. For instance, a previous studyg8) a shoulder flexion exercise with
dumbbells (women, 1kg; men, 2kg). Another exerthse is typically external-resisted
Is the squat, although only two studies were fowitt patients with CLBP (20,45) and
the exercise was performed isometrically, withyoaight as resistance. The later
exercise showed low nEMG activity of the rectusahohis and the external oblique

(20,45) and moderate (20) or high (45) nEMG agtieitthe erector spinae. However,

13



even though the squat is a dynamic exercise, penfigrit isometrically may limit
extrapolation of the results. Future studies evalgahe dynamic squat in patients with
CLBP are warranted, because this provides higlsfiea@nce to basic daily activities.
Surprisingly the deadlift and the lunge were natlgred in the included studies, in
spite of existing literature showing promising riéswof including these exercises in
rehabilitation of LBP patients (5). Future studsé®uld evaluate such exercises for
safety and efficacy among patients with CLBP. laltigy adults, the use of external
loads induce higher levels of core muscle EMG #gtihan exercises without added
external load (50). However, studies evaluatingateuEMG activity with externally-
loaded exercises in patients with CLBP are sc@®oe. possible reason for the lack of
studies investigating the EMG activity in exerciggth external loads in subjects with
pain, could stem from the belief of some authora possible relation between intensity
(i.e., high EMG values) and risk of injury or pamthis population (3). For example,
some authors suggested that muscle activity lduglser than 40% of the MVIC could
be counter-productive because of the increasedfisiury (3). In contrast, it seems
plausible use external loads in patients with CI(B&formed with proper technique),
especially in more advanced phases of the progrdom@re motor control and stability
allow greater loads. In fact, the use of exteroatls does not necessarily result in high
intensity. Actually, the use of external loads panvide greater individualization,
variation and facilitates progressive neuromuscetatlenges which are three basic
training principles. Thus, by using external loaglsrcises can be easily dosed in a
controlled manner, something difficult to achiemeeig. the isometric plank, which is

more dependent on bodyweight and exercise posture.

14



Training in conditions of instability is charactezd by exercises performed with
devices or postures challenging postural controis kind of resistance training has
been a hot topic during the last decades. On oné, lra healthy young subjects,
authors have reported that such training faciltaéeruitment of muscle fibers for
maintaining body stabilityeducing force production, and limiting performance
stable environments (4,60). These findings agréle thve high nEMG activity obtained
by the instability exercises included in the préssistematic review. On the other hand,
previous studies have shown increased compressadgs lof the lumbar spine in some
exercises performed in conditions of high inst&pik.g. during suspension training
(48). These findings should be considered in stbj@ih a history of weakness of the
erector spinae or segmental spinal instability.sTmerforming exercises in conditions
of instability can increase the level of muscléaist as well as exercise complexity
without the need to use external loads. Howeverjriterpretation of the results should
be made with caution, considering that higher ENe@®vay will not always be directly
related to an increase in strength gains. Impdytawhen comparing the same exercise
performed in conditions of stability or instabiliyith the same absolute load, the
relative load will be greater in conditions of iaisility. Therefore, proper EMG
comparison of unstable/stable exercises shouldbducted using the same relative
load (i.e., calculated on each different conditidihen this is not possible, it is
necessary to take this into account for the intgtgtion of the results.

The present systematic review also showed thaisheof complementary
technigues and tools have different effects depwndn each exercise and technique.
Use of visual feedback like a laser pointer dutimgexecution of the bridge exercise
showed different effects on the EMG activity depagdn the musculature analyzed.

For example, the nEMG activity of the gluteus massnand hamstrings increased while

15



the NEMG activity of the erector spinae decreasemparing the same exercise with
and without the laser pointer in people with CLBR)( According to this finding,
directing the attention to the exercises has ttiential to increase the nEMG activity of
some muscles. By contrast, use of pelvic belt@mapression mechanism decreased
NEMG activity of the gluteus maximus, the erecfmnae, the biceps femoris, and the
latissimus dorsi in two of the included studies,$43. This finding may be clinically
relevant, as previous studies reported higher nEdi@ity of the trunk and hip
musculature during the prone hip extension in pédigvith CLBP (2). This technique
could be useful in early stages where good stglaihid control is the focus. The
abdominal bracing is a technique based in the @ciiwtraction of the abdominal
muscles during the exercises. This maneuver has sl in some studies to improve
lumbar stabilization. In previous studies, when panng two stabilization maneuvers
such as abdominal bracing and abdominal hollowtimg abdominal hollowing
maneuver did not improve stability (30,63). Conedrsthe abdominal bracing
maneuver stimulated torso co-contraction, minimizexdbar displacement, and
improved trunk stability, but generating spinal @ression (63). However, in the same
study, it was found that when participants knewtiiméeng of perturbation, they were
able to stabilize their trunk, resulting in smallempressive loads in the lumbar spine
(63). These findings obtained in healthy subjebtaul be studied and corroborated in
an adequate sample of patients with CLBP. In #énwgexv, only one study used the
abdominal bracing technique, obtaining an imporntdG activity increase, achieving
increases of NEMG similar to those obtained dumsgability conditions (45).

Three studies of this review (20,41,45) includdtkalthy sample to compare the
EMG values of the exercises between these sulgadtshose with CLBP. In a previous

study, van Dieén et al. (22), concluded that figdim the EMG of the trunk muscles in

16



patients with LBP are not concordant with the pgpasm-model or the pain-adaptation
model. The authors proposed that the changes ausare task-dependent and related
to each individual problem and, for this reasohigh variability between individuals
exists. Findings described in the included stuttighis review are in accordance with
this explanation. Desai and Marshall (20) and Malisind Desai (45) shared the
conclusion that pain-induced increases of nEMGisseen in all muscles and
exercises, but are produced by adaptive strate@gibe form of increased or decreased
NEMG activity to achieve an optimal execution addpb the specific pain condition. It
is unknown whether these adaptations are causansequence of the pain. For this
reason, adequate training of the core musclestendduromuscular system may be
beneficial for restoring the capacity of the mussikletal system to perform
movements efficiently and painlessly.

The main limitation of-this review is the heterogiy of methods between
studies to normalize EMG values. Although we onlgluded studies using
normalization procedures, either dynamic or isoiogtine many different criteria and
methods for normalizing introduces a number ofdésashen comparing between
studies. For example, inadequate procedures er tahtors such as normalization
technique, data analysis, or simply not achievitigi@a maximal effort may produce
inconsistencies in the calculated percentagedditian, heterogeneity in electrode
placement between studies must be consideredisliedhtext, a quite similar electrode
placement were used, for example, for two differanscles such as the lumbar
multifidus (3) and the erector spinae (20,45). Bnaross-talk when measuring deep
muscles with surface EMG remains reduces the igtiabf the values provided. The
lack of knowledge about EMG activity of deep mustute during common exercises

in both healthy people and patients with CLBP Igtlie evidence-based prescription of

17



such exercises. Another limitation of this reviethe scarcity of studies focusing on
this topic, and among some of them, the limiteadrepg of data. The methodological
quality of the published studies was in general enatk. Although the quality
assessment tool of the present review has notdessgned to evaluate this type of
studies, the difficulty in evaluating methodolodiqaality shows the necessity of
unifying methodological criteria. The criteria shown the present systematic review

can be a step forward to standardize the systemaiciation of EMG exercise studies.

Conclusions

The present systematic review evaluating nEMG dgtduring various modalities of
exercises with different characteristics can belasea reference guide when
prescribing progressive exercise programs for pttieith CLBP. A single modality of
exercise may not be adequate to improve physicaliton and function in these
patients. Among the exercises included in thisesgwe found exercises with low,
medium, high, and very high nEMG values. The data&ided can be used to
individualize programs and attend to the progressiaining principle, selecting the
exercises according to levels of muscle activity endividual tolerance.

Performing exercises in conditions of instabiliputd be a good way to increase
the demand of the neuromuscular system, althougbhhracteristics of this type of
training should be taken into account. Knowing tihi kind of exercises hinders the
maintenance of stability and increases the trunkemeents (64), avoiding them in the
early stage of rehabilitation may be advisable.

In previous studies, the abdominal bracing has lseemwn to produce good
stability (measured by the Spine Stability IndexNm/rad), being up to 32% more

effective than abdominal hollowing (30). For themson, its use may be recommended
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in intermediate phases of the program, combinihgyh NEMG activity with the
maintenance of stability. Differently, use of auasfeedback during exercises seems to
change positively the pattern of movement. In galneising techniques and tools to
influence the technique of execution and motomigay seems relevant.

The present systematic review also showed a gHyeiliterature. The use of
external loads should be studied in subjects witBZEbecause of their potential effect
shown in healthy adults, especially in upper aneklolimb exercises. The range of
NEMG activities obtained with upper and lower lieercises suggests the use of such

exercises in different phases of the program foinogd versatility and progression.

Practical applications

The results of the present systematic review camsbkd by therapists and clinicians as a
guide to generate progressive programs based axteet of nEMG core muscle

activity. The following progressions can serve megample for each muscle studied:

» External oblique: as a first step, exercises Iieeisometric squat, the backward
and forward rocking in high sitting, or the shoulflexion with low external
loads should be selected. After that, the quadrappdsite arm or leg raise or
the weights in hands and altering shoulder flexuath low external loads while
standing straight exercise could be the next Stkep.resisted upper-extremity
extension or adduction while standing could betlirel step. Then, the side
bridge performed with abdominal bracing or on aléasurface could be good
exercise options to induce very high levels of nrisctivity.

* Rectus abdominis: the backward and forward rockinggh sitting exercise,
the transversus abdominis exercise, or the quadropeosite arm and leg raise

could be selected as a first step. For medium rawsttlivity, the modified push-
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up with abdominal bracing would be a good optiome Side bridge with or
without abdominal bracing, the resisted upper-enigextension while
standing, or the unstable prone bridging exeramgdcbe an option in advanced
phases of the program.

Erector spinae: as a first step, the quadrupedaanrieg raise followed by its
unstable variation, the side bridge, the isomeaimeat, or the shoulder flexion
with low external loads could be good exercise® ptone hip extension
performed with pelvic compression followed by tlaen® exercise performed
without pelvic belt or the supine bridging exercrseuld be selected to
intermediate phases. The side bridge with abdonirzding or performed on a
labile surface would be exercises for advancedgshas

Lumbar multifidus: for initial phases, exercisdgelthe resisted upper-extremity
extension while standing or the transversus abdgreixercises could be
selected. There is a gap in the exercises studi€dLBP for the intermediate
phases in the lumbar multifidus. In advanced phdbesilateral leg extension
while prone or the unilateral knee extension wkéeping hips in the bridged
position on a soft ball could provide very highued of muscle activity.

Internal obligue: a progression from the supinédirig on unstable surface and
the quadruped arm or leg raise to the prone brgdgmunstable surface or the
guadruped opposite arm-leg raise could be used.

Thoracic part of the iliocostalis lumborum: a preggion from the prone
bridging to the supine bridge exercise performeith lom an unstable surface,
followed by the quadruped opposite arm-leg raisdccbe an example of

progression.



e Gluteus maximus: a progression from the prone kiprsion performed with
pelvic compression to the same exercise performgutbut the pelvic belt could
be used. Another progression could be performead ffe prone hip extension

to the same exercise performed with a laser pointer
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Figure 1. Flow chart of the selection process.

CLBP = chronic low back pain, EMG = electromyogrgph
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Table 1. Terms used on the electronic search.

Box | (all  Terms and variants about target population (lovkhmn OR LBP OR
fields) CLBP OR chronic low back pain OR lumbopelvic pain).
(AND)

Box Il (all Terms and variants about the evaluation perforneéetiromyograph*
fields) OR surface electromyography OR myoactivity OR adion OR
(AND) biofeedback OR myoelectrical OR neuromuscular ORGEM

Box |1l (all Terms and variants about exercises and physical BMi@ity
fields) (exercise* OR flexion OR extension OR rotation Gketal OR
(AND) stabiliz* OR therapeutic program OR exercise th* gifysical

training).

Box IV (all Terms and variants about trunk muscles (core ORUtifidtil OR
fields) lumbar* OR transversus abdominis OR erector spdRelongissimus
(AND) OR internal oblique OR external obligue OR paraapi®R extensor*

OR rectus abdominis OR quadratus lumborum).
Box V Terms and variants that are not of interest for slearch (manual
(NOT) therapy OR pharmacological).

LBP =low back pain, CLBP = chronic low back peMG = electromyography.



Table 2. Selection criteria

Inclusion

criteria

Studies that recorded the muscular EMG activity of muscles of the core
with surface EMG in subjects during physical exercises.

Sample of patients with non-specific CLBP lasting at least 3 months.
Report of EMG activity normalized as a percentage of @ maximal
voluntary contraction, either dynamic or isometric.

Full text available in English.

Published after January 1, 2001.

Exclusion

criteria

CLBP classification criteria different from the criteria described in this
review or selection criteria not specified.

Studies that did not analyze any muscle in the lower back.

Sample with root nerve compression, herniated disc, spondylarthrite,
previous surgery or another serious cause of LBP.

Reviews and case studies.

EMG = eectromyograph, CLBP = chronic low back pain, LBP = low back pain.




Table 3. Characteristics of electromyographic analysis.

Authors, | CLBP | Exercises Analyzed Report of
year sample muscles values
(total)
Arokoski | N=20 |18 exercisess Ex.1 Waking on a|RA,EO, % Maximal
et al. (4) | (40). trampoline, Ex.2 Leg swinging while | MF (L5) Voluntary
standing, Ex.3 Weights in hands and Dynamic
altering shoulder flexion while standing Contraction

straight, Ex.4 Weights in hands and
altering shoulder flexion while standing
straight on the balance board, Ex.8
Resisted upper-extremity extension while
standing, Ex.9 Resisted upper-extremity
flexion while standing, Ex.10 Resisted
upper-extremity adduction while standing,
Ex.5 Weights in hands and altering
shoulder flexion while sitting straight,
Ex.6 Backward and forward rocking in
high sitting, Ex.7 Unilateral leg extension
with upper body prone on the board, Ex.17
Resisted bilateral leg extension while
prone, Ex.18 Bilateral leg extension while
prone, Ex.11 Contralatera arm and leg lift
al-fours Ex.15

in the position,




Transversus abdominis exercise, Ex.13
Pushing bent knees against a soft ball in
crook lying, Ex.12 Lifting hips up to a
bridged position, Ex.14 Unilatera knee
extension while keeping hips in a bridged
position, Ex.16 Unilatera leg lift against

resistance while lying on 1 side.

Desai & | N=10 | 10 exercises: quadruped (quadruped RA, EO, ES | % MVIC
Marshall | (20). opposite arm-leg raise), side bridge, (L4-L.5)
(23) modified push-up, squat, and standing

shoulder flexion, onand off alabile

surface.
Marshall | N=10 | 10 exercises: quadruped (quadruped RA, EO,ES | % MVIC
& Desai | (20). opposite arm-leg raise), side bridge, (L4-L5)
(41) modified push-up, squat, and standing

shoulder flexion, with and without

abdominal bracing.
Junget | N=14 | 2 exercises: unstable supine bridging 10, RA, % MVIC
al. (36) (14). exercise, unstable prone bridging exercise | MF, ICLT

(plank exercise). (L1)
Oh (45) | N=20 | 2exercises: pronehip extensionwithand | ES(L1), % MVIC

(20). without pelvic belt. GM, BF

Kim et N=20 | 2exercises: pronehip extensionwithand | LD, GM*, |%MVIC
al. (38) (40). without external pelvic compression. ES (L1)*, * 96 Submax.

BF




Yoonet |N=10 | 3exercises. quadruped arm raise, EQ, 10, % MVIC
al. (57) (10). quadruped leg raise, quadruped opposite MF, ICLT
arm-leg raise.
Kim et N=12 | 2 exercises: supine bridging exercise with | ES (unknow | % MVIC
al. (39) (12). and without laser pointer. level), GM,
HAM

RA = rectus abdominis, EO = externa oblique, 10 = internal oblique, MF = lumbar

multifidus, ES = erector spinae, ICLT = thoracic part of theiliocostalis lumborum, LD

= |atissimus dorsi, GM = gluteus maximus, BF = biceps femoris, HAM = hamstring.

MVIC = maximum voluntary isometric contraction, * normalized with a submaximum

voluntary isometric contraction.




Table 4. EMG activity.

Exercises Muscles

Arokoski et al. (4) RA EO MF (L5)
Ex.1 Walking on a trampoline 5-10% 35-40% 40-45%
Ex.2 L eg swinging while standing 5-10% 25-30% 35-40%
Ex.3 Weightsin handsand altering 0-5% 20-25% 40-45%
shoulder flexion while standing

straight

Ex.4 Weightsin handsand altering 0-5% 25-30% 55-60%
shoulder flexion while standing

straight on the balance board

Ex.8 Resisted upper -extremity 50-55% 50-55% 5-10%
extension while standing

Ex.9 Resisted upper-extremity flexion | 0-5% 20-25% 55-60%
while standing

Ex.10 Resisted upper-extremity 5-10% 40-45% 30-35%
adduction while standing

Ex.5 Weightsin hands and altering 0-5% 20-25% 25-30%
shoulder flexion whilesitting straight

Ex.6 Backward and forward rocking | 0-5% 15-20% 20-25%
in high sitting

Ex.7 Unilateral leg extension with 5-10% 20-25% 30-35%
upper body proneon the board

Ex.17 Resisted bilateral leg extension | 5-10% 15-20% 55-60%
while prone

Ex.18 Bilateral leg extension while 5-10% 15-20% 70-75%
prone

Ex.11 Contralateral arm and leg lift 5-10% 40-45% 40-45%
in the all-four s position (quadruped

opposite arm-leg raise)

Ex.15 Transver sus abdominis 5-10% 30-35% 5-10%
exercise

Ex.13 Pushing bent knees against a 5-10% 25-30% 20-25%
soft ball in crook lying

Ex.12 Lifting hipsup to a bridged 0-5% 10-15% 60-65%
position (conditions of instability)

Ex.14 Unilateral knee extension while | 5-10% 20-25% 65-70%

keeping hipsin a bridged position




(conditions of instability)

Ex.16 Unilateral leg lift against 5-10% 20-25% 15-20%
resistance whilelyingon 1 side
Desai and Marshall (23) RA EO ES (L4-L5)
Quadruped (quadruped opposite 10.0% + 7.1 | 15.7% + 10.5 23.6% +
arm-leg raise) /11.1% + 6.7 | /33.3% £ 20.2 | 16.9/18.5%
Contralateral muscle/l psilateral +13.4
muscle
Quadruped (quadruped opposite 9.6% +7.3 |20.7% £14.2 32.9% +
arm-leg raise) on unstable surface /10.7% + 8.0 | /51.9% + 33.1 | 30.8 /26.3%
Contralateral muscle/l psilateral +19.0
muscle
Side bridge 19.2% £ 9.6 [ 10.5% + 4.7 15.7% +
Contralateral/lpsilateral /55.0% + [77.3% +27.6 | 25.3/38.6%
23.4 +28.8
Side bridge on labile surface 16.7% £ 10.5| 12.6% + 5.5 19.9% =+
Contralateral/lpsilateral 146.9% + /92.03% + 41.8 | 26.3 /65.7%
26.4 +54.6
Modified push-up 11.5% +£8.1 | 16.9% 9.4 4.6% + 2.1
Modified push-up on labile surface 17.1% +22.4/ 23.7% = 13.0 6.5% + 6.1
Squat 6.4% + 3.3 8.1% +4.9 37.2% *
9.4
Squat on labile surface 6.4+4.4 10.0+5.2 29.6% +
14.6
Shoulder flexion 11.8% +5.6 | 14.7% +£6.3 36.6% +
19.3
Shoulder flexion on labile surface 11.2% +6.0 | 21.3% +11.7 50.5% £
37.1
Mar shall and Desai (41) RA EO ES (L4-L5)
Quadruped (quadruped opposite 11.1% £1.9 | 22.6% + 3.3 26.0% +
arm-leg raise) 112.2% + 1.8 | /52.2% + 9.9 3.6 /20.4%
Contralateral muscle/l psilateral +29
muscle
Quadruped (quadruped opposite 16.5% + 3.0 | 42.5% +7.9 38.8% +
arm-leg raise) with abdominal /15.6% + 2.4 | /67.8% + 9.2 7.4 132.5%
bracing t4.4
Contralateral muscle/l psilateral
muscle
Side bridge 205% +2.3 | 15.2% £ 1.9 41.7% +
Contralateral/lpsilateral 160.5% + 6.8 | /108.9% + 12.6 | 6.3 /20.3%




+8.3
Side bridgewith abdominal bracing | 24.0% + 3.2 | 29.9% + 4.0 27.0% +
Contralateral/lpsilateral /57.1% £9.5|/115.1% + 13.4 | 8.9/63.2%
+11.0
Modified push-up 12.4% +£2.6 | 24.0% 4.7 5.0% + 0.7
Modified push-up with abdominal 33.8% + 13.3 56.5% + 8.9 11.1% +
bracing 2.2
Squat 6.8% + 1.0 12.1% £ 2.9 42.3% +
3.5
Squat with abdominal bracing 10.4% +1.9 | 30.3% +4.1 52.8% +
9.0
Shoulder flexion 12.8% +£1.9 | 19.9% +2.7 42.0% +
8.4
Shoulder flexion with abdominal 15.1% + 2.9 | 39.3% + 3.2 56.9% +
bracing 14.3
Jung et al. (36) RA 10 MF ICLT
(L1)
Unstable supine bridging exercise 210% + | 9.81% + 34.05% £ | 25.23%
1.54 6.68 11.64 +11.05
Unstable prone bridging exercise 42.10% + | 30.10% + | 12.05% = | 11.16%
(unstable plank) 18.59 6.22 11.02 +7.40
Oh (45) ES (L1) GM BF
Prone hip extension 49.87% + 9.69 /47.41%- /30.31% + -
L eft/right +12.09 14.22
Prone hip extension with pelvic belt 39.79% + 7.08 /40.16%-/ 24.18% = | -
L eft/right +12.13 7.59
Kim et al. (38) ES (L1)* | BF GM* LD
Prone hip extension 51.87% + | 5.21% + | 15.97% + | 13.62% +
L eft/right 11.69/ 2211/ 941/ 4.24 |
50.41% = | 44.17% + | 33.31% + | 9.75% +
18.12 20.41 16.65 4.21
Prone hip extension with external 41.79% + | 9.87% = | 15.13% + | 10.77% +
pelvic compression 8.08/ 211/ 8.86/ 3.32/
L eft/right 43.16% + | 42.78% + | 27.24% + | 9.41% +
14.13 16.97 10.59 4.55
Yoon et al. (57) EO 10 MF ILCT
Quadruped arm raise 20-40% / | 0-20% / | 0-20% / 0- | 20-40% /
L eft/right 20-40% 0-20% | 20% 0-20%
Quadruped leg raise 20-40% / | 0-20% / | 0-20% /0- | 20% / 20-
L eft/right 20-40% 0-20% | 20% 40%
Quadruped opposite arm-leg raise 20-40%/ | 20% /0-| 20-40% / 40-60%




L eft/right 20-40% 20% 40-60% 20-40%

Kim et al. (39) GM ES HAM

Supine bridging exercise 21.3% £ 12.9 43.1% +16.8 41.7% *
32.3

Supine bridging exer cise with laser 28.6% + 18.0, 26.8% +15.1 53.3% +

pointer 52.3

RA = rectus abdominis, EO = external oblique, IOnternal oblique, MF = lumbar

multifidus, ES = erector spinae, ICLT = thoraciatpaf the iliocostalis lumborum, LD

= latissimus dorsi, GM = gluteus maximus, BF = pedemoris, HAM = hamstring.

*normalized with a maximum voluntary isometric c@miion.




Table 5. Results of the applied methodological evaluation scale.

Authors, year Selection Data Report of Results (modified
bias collection | thedata EPHPP tool)

Arokoski et al. (4) Weak Strong Moderate M oder ate
Desai & Marshall (23) Wesak Strong Strong Moderate
Marshall & Desai (41) Wesak Strong Strong Moderate
Jung et al. (36) Weak Strong Strong M oderate

Oh (45) Weak Strong Weak Weak

Kim et al. (38) Wesak Strong Strong M oder ate
Yoon et al. (57) Weak Strong Moderate Moder ate
Kim et al. (39) Weak Strong Weak Weak
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