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Neuromuscular Activity of Trunk Muscles
during Side Plank Exercise and an
Additional Motoric-Task Perturbation

Neuromuskuldre Aktivitdt des Rumpfes beim Seitstiitz

mit und ohne motorische Perturbations-Aufgabe

Problem: Core-specific sensorimotor exercises (CSSE) com-
bined with technically applied unexpected high-intensity
perturbations (UHIP) are able to enhance neuromuscular acti-
vity of the trunk muscles (TM). Since including UHIP into clinical
practice is complicated, it is warranted to implement a feasible
perturbation task. Aim of the study was to analyze the effects of
anadditional motoric-task perturbation on trunk neuromuscu-
lar activation pattern during CSSE exercise.

Methods: Ten participants (5m/5f; 29+2years; 177«7cm,
74+12kg) were included and prepared with a surface EMG-se-
tup for trunk muscles. EMG-data were collected during a side
plank on stable surface (SP; 30sec) and randomly in 3 different
conditions: adding a pad under the right elbow (SPP), adding a
perturbation task (SP+P) and adding pad and perturbation task
(SPP+P). Root mean square (RMS) was calculated for the whole
exercise cycle (30sec) and normalized to MVIC (SMVIC). Muscles
were grouped to ventral (VR; VL) and dorsal (DR; DL) right/left.
Inaddition, the ratios of Ventral: Dorsal (V: D) and Side-Right: Si-
de-Left (SR: SL) were calculated. Differences between conditions
were assessed for muscle groups and ratios (repeated-measures
ANOVA; 0=0.05).

Results: SPP+P showed the highest EMG-RMS for all muscles
except DL, showing significant differences between conditions
SP and SP+P in VR and VL, respectively. No differences (p<0.05)
were found between SPP and SPP+P, SP+P. Ratios revealed no
significant differences between conditions.

Discussion: The additional motoric-task perturbation during
a CSSE significantly enhanced trunk neuromuscular activity.

EMG, Sensorimotor Training, Core-Stability,
Instability, Trunk Exercise

Problem: Rumpf-spezifische sensomotorische Ubungen (CSSE)
in Kombination mit unerwarteten hochintensiven Perturbationen
(UHIP), die mit technischen Hilfsmitteln appliziert wurden, ver-
starken die neuromuskulare Aktivitat der Rumpfmuskulatur (TM).
Daces schwierig ist, UHIP in die klinische Praxis zu integrieren, er-
scheintes notwendigeine machbare motorische Perturbations-Auf-
gabe zuimplementieren. Ziel der Studie war es. die Auswirkungen
einer zusitzlichen motorischen Perturbations-Aufgabe auf das
neuromuskulire Aktivierungsmuster des Rumpfes wiihrend des
Seitstiitz auf stabilem und instabilem Untergrund zu analysieren.
Methoden: Zehn Teilnehmer (5m/5w: 29+2 Jahre: 177+7cm,
74x12kg) wurden eingeschlossen und mit einem 12-Kanal Ober-
flichen-EMG am Rumpf préipariert. Das EMG wurde wéhrend des
Seitstiitz (30sec.) auf einer stabilen Oberflache (SP) sowie randomi-
siertunter drei verschiedenen Bedingungen erfasst: Ausfithrungauf
instabilem Untergrund (SPP), Ausfiihren einer Perturbationsaufga-
beaufstabilem Untergrund (SP + P) und Ausfiihren einer Perturba-
tionsaufgabe aufinstabilem Untergrund (SPP +P). Der EMG-RMS
(Root Mean Square) wurde fiir den gesamten Ubungszyklus (30
Sekunden) berechnet und auf die individuelle maximale isomet-
rische Kontraktion (% MVIC) normalisiert. Die Muskeln wurden
nach ventral (VR; VL) und dorsal (DR; DL) rechts/links gruppiert.
Zusitzlich wurden die Verhiltnisse von Ventral: Dorsal (V: D) und
Side-Right: Side-Left (SR: SL) berechnet. Die Unterschiede zwischen
denBedingungen wurden fiir die Muskelgruppen und -verhltnisse
analysiert (ANOVA fiir wiederholte Messungen; o=0,05).
Ergebnisse: SPP+P zeigte den hichsten EMG-RMS fiir alle Mus-
kelnaufer DL und zeigte signifikante Unterschiede zwischen den
Bedingungen SP und SP+P in VR bzw. VL. Es wurden keine Un-
terschiede (p<0.05) zwischen SPP und SPP+P, SP+P gefunden. Die
Verhiltnisse zeigten keine signifikanten Unterschiede zwischen
den vier Konditionen.

Schlussfolgerungen: Durch die zusitzliche Perturbation in
Form einer motorischen Zusatzaufgabe wiihrend einer rumpf-spe-
zifischen Ubung (Seitstiitz) wurde die neuromuskulire Aktivitit
des Rumpfes signifikant erhoht.

EMG, sensomotorisches Training, Rumpfstabilitat,
Instabilitat, Rumpfiibung

Adequate neuromuscular response of the trunk mu-
scles (TM) is considered to be of great importance
in sport performance, as well as for activities of the
dailyliving (3,5, 9, 12). Particularly, trunk muscles are
responsible for body segment stabilization in many
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common daily-life activities (lifting objects, walking,
running) (3,9, 12,25). It is evident that, neuromuscular
patterns such as muscular activity, coordination, re-
sponse time as well as strength will protect the trunk
from repetitive and high unexpected overload (5).
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SP VS SPP SP VS SP+P SP VS SPP+P
A p A p A
VR 2778 0.008* 20.38 0.010* 38.65 <0.001*
VL 5.67 0.009* 5.17 0.019* 11.97 0.013*
DR 13.80 0.163 9.47 1.000 18.06 0.196
DL 9.48 0.468 2.81 1.000 6.79 0.118

Exercise conditions: SP=stable; SPP=unstable; SP+P=perturbation task; SPP+P=unstable+perturbation task; A=absolute value of RMS difference between
condition (%MVIC); *=significant differences (p<0.05) Bonferroni adjusted.

SPP VS SP+P SPP VS SPP+P SP+P VS SPP+P

A p A p A p
140 1.000 10.87 0.486 18.26 0.002*
0.49 1.000 6.30 0.442 6.80 0.079
431 1.000 4.27 1.000 8.60 0.011*
6.64 1.000 2.68 1.000 3.98 0.703

Core-specific sensorimotor exercises (CSSE) are an effective
method to improve neuromuscular activity of the trunk muscles
and consequently improve core stability (1, 16, 17). Sensorimotor
training emphasizes an activation of deep trunk muscles (10),
enhancing muscle control and restoring inter/intra muscular
coordination (21). In advanced stages, the execution of more
functional tasks required activation of both deep and global
trunk muscles (10, 23) and implementing unstable training
devices (e.g. foam pad, wobble board) ensure higher neuro-
muscular activation (5, 17). Among several CSSEs, side bridge
exercises performed in different instability conditions, elicited
greater neuromuscular activation of both deep and superficial
muscles stabilizing the trunk (7) and positively correlated with
athletic performance (11). This is possible since a higher level of
instability corresponds to an increased demand for stabilizing
processes, meaning an elevated activity (amplitude) of the re-
lated muscles (13, 24) and therefore a higher training effect. The
neuromuscular system adapts very quickly to the given applied
instability and a consequent instability-progression is necessary
to maintain a high level of difficulty in the training situation.

Recent studies included unexpected perturbations into sen-
sorimotor exercises and investigate relative changes in training
effect. It was pointed out that perturbations are an effective tool
to elicit greater muscular activation (1, 5, 16). Several authors
(4, 5, 6) reported that postural manipulations in combination
with elastic resistance and/or unstable conditions (e.g., surfac-
es, devices) elicit increased core muscle activity. Mueller et al.
(16) demonstrated that instrumented high-intensity pertur-
bations combined with unstable surfaces (foam pad) during
CSSE, increased neuromuscular activity of the trunk muscles.
However, the transfer to the practical daily training routine is
critical since these instrumented perturbations are applied by a
specially designed split-belt treadmill. This requires high costs
(device, location) and trained staff. Therefore, easily applicable
perturbations (e.g. Tera-Band, researcher induced) are necessary
for daily practice in training, rehabilitation and prevention.

Thus, it is warrant to implement an additional, feasible, per-
turbation task (e.g. motoric-task) to combine to CSSE that will
elicit enhanced trunk muscle activity.

Therefore, the aim of the study was to assess the effects of an
additional motoric-task perturbation during CSSE (side-plank)
on trunk neuromuscular activation patterns. It was hypothe-
sized that performing the side-plank on an unstable surface
with an additional motoric-task perturbation would lead to
higher trunk muscular activity.

Ten trained individuals participated in this cross-sectional
study (5m/5f; 29+2 year; 177+7cm, 74+12kg; 2 sport-session/
week). Exclusion criteria were: presence of musculoskeletal
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pain, low back pain score > 1 on NRS scale (20), neuromuscular
disorders, joint or bone disease, acute inflammation/infection,
heart diseases and pregnancy. All participants signed a written
informed consent after being informed in detail about the study
aims and before starting the protocol. The Institution ethical
committee approved the study. All procedures described in this
section comply with the requirements listed in the 1975 Decla-
ration of Helsinki and its amendment in 2008.

First, anthropometrical data were collected, followed by par-
ticipants rating of current low-back pain on a NRS scale (0=no
pain to 10=maximum imaginable pain). This was followed by
skin preparation for surface electromyography (EMG) trunk
measurements (22). Twelve pairs of EMG disc electrodes (AMBU
Medicotest, Denmark, Type N-00- S; 2 cm inter-electrode) were
positioned over 6 abdominal and 6 back muscles along with
muscle fiber orientation (16, 17, 18).

Next, after a trunk warm-up, a maximal voluntary isometric
contraction (MVIC) on an isokinetic dynamometer device (Con-
trex MJ_TP; Physiomed Elektromedizin AG, Germany) was per-
formed (2, 19). Participants performed two sessions (5-seconds)
of trunk isometric (17.5° trunk flexion) flexion and extension
at sub-maximum (practice trial) and maximum (MVIC; EMG
recorded) effort each. The collected data were used for an
EMG-normalization procedure.

Atlast, each individual performed the side-plank in four dif-
ferent conditions for 30 sec. First condition was the side-plank
(Figure 1) on right body side over a stable surface (SP). The
three other conditions were randomly ordered and consisted
on: adding a foam pad (Airex BalancePad; ARTZT, Dornburg,
Germany) under the right elbow (SPP=unstable), carrying out
a motoric-perturbation task (SP+P=perturbation task) and a
combination of them (SPP+P=unstable+perturbation task). Ex-
ercises SP and SPP were performed as 30 seconds of isometric
position, while EMG was recorded, after a familiarization trial
(10 sec; 1 minute rest). For SP+P and SPP+P, after a test trial (5
reps.; 1 min rest) at a start signal, when in side plank position,
participants performed the motoric-task (EMG recorded) till
stop signal (30 sec). This consisted on let roll a tennis ball from
the left hand to the left foot, stop the ball and than roll it back to
left hand. Individuals were instructed to perform at moderated
velocity (=4 sec).

The following trunk muscles were investigated: rectus ab-
dominis (RA), obliquus externus abdominis (EO), obliquus
internus abdominis (I0), erector spinae thoracic (T9; UES)/
lumbar (L3; LES) and latissimus dorsi (LD). EMG data were col-
lected with a frequency set of 4000Hz, analyzed using bilateral
and bipolar surface telemetry EMG (RFTD-32, myon AG, Baar,
Switzerland). Electrode placement was defined using Radebold
et al. method (21) and inter-electrode impedance was <5k<Q.
With an accelerometer an investigator triggered start and stop
of every exercise duration. Acquired EMG-data were rectified
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SP
| Figure 1

SPP SP+P (SPP+P)

Perturbation task: motoric task, moving ball continuously from hand to foot and vice versa. SP=Side plank stable surface, SPP=SP unstable surface;

SP+P=SP + perturbation task; SPP+P=SP unstable + perturbation task.

then amplitudes normalized to MVIC for the whole exercise
(30sec) and root mean square (RMS) calculated for each condi-
tion. MVIC was obtained as suggested by Mueller et al. 2018 (16).
Additionally, four muscle groups were created: right ventral
(VR:RA, EO, 10 of right side); left ventral (VL: RA, EO, 10 of left
side); right dorsal (DR: UES; LES, LD of right side) and left dorsal
(DL: UES, LES, LD of left side) (14). Each group represented the
average (normalized) EMG-RMS of the three included muscles
and was reported as %MVIC. Differences between conditions
were calculated for each muscle group. Furthermore ratios were
calculated for Ventral(VR+VL)/Dorsal(DR+DL) (V:D) and Side-
Right(VR+DR)/Side-Left(VL+DL) (SR:SL) muscle groups in each
condition.

After a plausibility check, statistical data analysis was per-
formed (SPSS Inc., Chicago, IL, USA, Version 21.0) including
means and standard deviations (SD). Normality was tested
(Shapiro-Wilk) and due to mixed normal/non-normal distribu-
tion, differences between conditions for each muscle group (VR,
VL, DR, DL) were assessed by a one-way repeated measures test
of variance (ANOVA; p< 0,05; Bonferroni adjusted 0=0.0125) (8).

Overall, conditions with altered stability (SPP, SP+P, SPP+P),
showed an increased mean EMG-amplitude compared to the
stable SP. In particular, SPP+P showed the highest values for all
muscle groups (VR: 81+7%; VL: 17+3%; DR: 55+8%) except for the
dorsal left (DL: 34+6%; %MVIC+SD; Fig. 2). Exercise condition
on stable surface (SP) showed the lowest EMG-RMS values for
all muscle groups. When side-plank was performed with the
additional perturbation task only (SP+P) lower amplitudes for
all muscles groups were detected then for

The objective of this study was to assess the effect of an ad-
ditional perturbation task (P) on trunk muscle activity when
performing a CSSE (side-plank) on a stable and unstable surfa-
ce. The study results are in line with current literature, where
it’s known that muscle activity in the trunk muscles and lower
extremities increases at higher levels of instability (5, 16, 24, 25).
Side-plank exercise in the four different analyzed conditions,
provided a gradual increase in neuromuscular trunk activity
with possible positive effect on training efficiency (13, 25). The
high demand represented by maintaining balance when per-
forming exercise on unstable surfaces, and/or under pertur-
bation conditions, indicate an increased core muscle activity
promoting trunk muscle coordination (24). The four different
conditions investigated and their correspondent trunk muscle
activity, could be then ordered in a progression line (stable=
less activation — instable + perturb. task=high activation) from
the easiest to the most difficult exercise. This is in line with a
previous study (16) that demonstrated the efficacy of sudden
technically-based high intensity perturbations to enhance core
muscles activity. Relevant for therapists is that similarly, the
proposed additional perturbation task (motoric task) was effec-
tive to enhance neuromuscular activity of the core stabilizers
and could be easily implemented in a clinical practice routine.
Looking at the four different muscle groups (VR, VL, DR, DL)
and their relative %MVIC, the greater activation of right-sided
muscle groups was expected, since supporting the body weight
in the side-plank position is eliciting a greater involvement of
therelated side musculature. This is particularly evident for the
SPP+P condition, where the mean neuromuscular activity

SPP and SPP+P, but higher than side-plank
in a stable condition (SP) (Figure 2).

120

Repeated measures ANOVA test revealed 100
significant differences between condi-

tions SP and SPP+P for ventral right and o
left muscle groups (Table 1). No differences % o
(p>0.05) between mean values were found S

for all muscles groups when comparing
condition SPP to SP+P and SPP+P. After
ratio coefficient calculations, analysis of
differences showed no significance bet- .
ween frontal and dorsal muscles groups
ratio (V:D) as well as for side right/left ratio
(SR:SL). Amplitudes (mean, %M VIC) for all m

8

12 trunk muscles over the four conditions
are reported in the polar-plot (Figure 3).

osp
mspPp
DSP+P
BSPP+P
o

mmwml H |

Neuromuscular activity (RMS: %MVC; mean=SD) for all four muscle groups for all three exercise
conditions. Muscle groups: VR=ventral right; VL.=ventral left; DR=dorsal right; DL=dorsal left. Exercise
conditions: SP=stable; SPP=unstable; SP+P=perturbation task; SPP+P=unstable + perturbation task.
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RA
140

RA

EO

A few considerations have to
be made on methodological lim-
itations. A kinematic analysis of
the possible compensation pat-
terns, especially during pertur-
bation task, might help to clarify
different levels of muscle activa-
tion between the different groups
(VR; VL; DR; DL). Application of
functional tests for each single
muscle might lead to a differ-
===SP ence in MVIC amplitude, instead
— &il> of the selected standardized test

VL| VR
DL| DR

LD

THO

3 L3

Polar-plot of neuromuscular activity (RMS: %MVC; mean) pattern of all 12 single trunk muscles for all conditions.
Exercise conditions: SP=stable; SPP=unstable; SP+P=perturbation task; SPP+P=unstable + perturbation task.

=« SP+P on an isokinetic dynamometer
(19). A relatively small cohort was
investigated, therefore a transfer
to a bigger and different popula-
tion (e.g. low back pain patient)
should be considered. At last,
only a side-plank exercise was as-
sessed. Different CSSE and other
methods to apply perturbations
should be further investigated.
Further investigation should

— SPP+P

LD

take in account a different pop-
ulation (e.g. low back pain pa-
tients) and greater sample size.
The results demonstrated that
the use of an additional pertur-

of ventral right muscles reached 80% of MVIC. For the ventral
and dorsal right group (VR, DR) a marked progression in neuro-
muscular activation levels is observable, starting from the low-
er (SP) to the higher (SPP+P) activation levels (SP—=SP+P—SP-
P—SPP+P). This pattern reflects an easy-to-complex exercise
progression (SP=easy — SPP+P=complex) resulting of great
importance to implement a progressive escalation in difficulty/
muscular activation in training protocol.

The ventral left trunk muscles (VL) reported the lowest
mean values in all conditions ranging between 5 and 17% of
MVIC only. This could be due to exercise position, counting the
ventral left muscles as a secondary trunk/hip stabilizer (body
straight alignment) and without needing to lift body weight.
This is particularly evident in the stable condition (SP). Intro-
ducing instability (SPP) and/or a perturbation task (SP+P, SP-
P+P), neuromuscular activity level rises significantly meaning
a greater demand for stabilization. The muscle group dorsal
left (DL) displayed a small variation between the means of each
exercise conditions, ranging from 28 to 37%MVIC maximum
when adding the foam pad (SPP). We can infer, that these mus-
cles were recruited slightly (<50%MVIC) in a side-plank posi-
tion with similar neuromuscular activation levels, regardless
of condition.

At last, based on the presented findings, it is reasonable to
say that the chosen motoric perturbation (Fig. 1) was effective
in enhancing trunk muscle activity. The task was performed
actively by the individual and it presented a combination of
unexpected/expected stimuli, since a continuous visual feed-
back to the ball was possible. On the other side, since the task
was performed in an unusual body position with altered body
balance, ball trajectory was unexpected with consequent con-
tinuous posture-adaptation to reach the ball (resulting in sud-
den body sway).
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bation task in combination with
an unstable surface is superior to enhance trunk neuromuscu-
lar activation during the side-plank exercise. It’s evident that an
increase in exercise instability (instability + perturbation task),
will produce an increase of core muscle activity representing an
enhanced training efficiency. Furthermore, the simple motoric
perturbation task observed, offers a potential insight for thera-
pists, who might implement training protocols addressing the
core musculature.

Conflict of Interest
The authors have no conflict of interest.

Founding

The present study was initiated and funded by the German Fe-
deral Institute of Sport Science and realized within MiSpEx -
the National Research Network for Medicine in Spine Exercise.
(Granted number: BISp ITA1-080102A/11-14).

GERMAN JOURNAL OF SPORTS MEDICINE - 70 - 6/2019



(1) ARAMPATZIS A, SCHROLL A, CATALA MM, LAUBE G, SCHULER S,
DREINHOFER K. A random-perturbation therapy in chronic non-
specific low-back pain patients: a randomised controlled trial.
Eur J Appl Physiol. 2017; 117: 2547-2560. doi:10.1007/s00421-017-
3742-6

(2) BAURH, MULLERS, PILZ F, MAYER P, MAYER F. Trunk extensor and
flexor strength of long-distance race car drivers and physically
active controls. ] Sports Sci. 2010; 28: 1183-1187. doi:10.1080/0264
0414.2010.484066

(3) BORGHUIS J, HOF AL, LEMMINK KAPM. The Importance of Sensory-
Motor Control in Providing Core Stability. Sports Med. 2008; 38:
893-916. d0i:10.2165/00007256-200838110-00002

(4) BORREANI'S, CALATAYUD J, MARTIN J, COLADO JC, TELLAV, BEHM D.
Exercise intensity progression for exercises performed on
unstable and stable platforms based on ankle muscle activation.
Gait Posture. 2014; 39: 404-409. doi:10.1016/j.gaitpost.2013.08.006

(5) CALATAYUD J, BORREANI S, MARTIN J, MARTIN F, FLANDEZ J, COLADO JC.
Core muscle activity in a series of balance exercises with
different stability conditions. Gait Posture. 2015; 42: 186-192.
doi:10.1016/j.gaitpost.2015.05.008

(6) CALATAYUD J, CASANA J, MARTIN F, JAKOBSEN MD, COLADO JC,
ANDERSEN LL. Progression of Core Stability Exercises Based on the
Extent of Muscle Activity. Am ] Phys Med Rehabil. 2017; 96: 694-
699. doi:10.1097/PHM.0000000000000713

(7) ESCAMILLA RF, LEWIS G, PECSON A, IMAMURA R, ANDREWS JR. Muscle
Activation Among Supine, Prone, and Side Position Exercises
With and Without a Swiss Ball. Sports Health. 2016; 8: 372-379.
doi:10.1177/1941738116653931

(8) HARWELL MR, RUBINSTEIN EN, HAYES WS, OLDS CC. Summarizing
Monte Carlo Results in Methodological Research: The One- and
Two-Factor Fixed Effects ANOVA Cases. J Educ Behav Stat. 1992;
17: 315-339. doi:10.3102/10769986017004315

(9) HIBBS AE, THOMPSON KG, FRENCH D, WRIGLEY A, SPEARS 1. Optimizing
performance by improving core stability and core strength.
Sports Med. 2008; 38: 995-1008. doi:10.2165/00007256-
200838120-00004

(10) HODGES PW. Core stability exercise in chronic low back pain.
Orthop Clin North Am. 2003; 34: 245-254. d0i:10.1016/S0030-
5898(03)00003-8

(11) IMAI A, KANEOKA K. The relationship between trunk endurance
plank tests and athletic performance tests in adolescent soccer
players. Int J Sports Phys Ther. 2016; 11: 718-724.

(12) KIBLER BW, PRESS J, SCIASCIA A. The role of core stability in athletic
function. Sports Med. 2006; 36: 189-198. doi:10.2165/00007256-
200636030-00001

(13) KIM SY, KANG MH, KIM ER, JUNG IG, SEO EY, OH JS. Comparison of
EMG activity on abdominal muscles during plank exercise
with unilateral and bilateral additional isometric hip
adduction. ] Electromyogr Kinesiol. 2016; 30: 9-14. d0i:10.1016/j.
jelekin.2016.05.003

GERMAN JOURNAL OF SPORTS MEDICINE - 70 - 6/2019

(14) MCGILL SM, MARSHALL L, ANDERSEN J. Low back loads while walking
and carrying: Comparing the load carried in one hand or in both
hands. Ergonomics. 2013; 56: 293-302. doi:10.1080/00140139.201
2.752528

(15) MUELLER J, ENGEL T, MUELLER S, STOLL J, BAUR H, MAYER F. Effects of
sudden walking perturbations on neuromuscular reflex activity
and threedimensional motion of the trunk in healthy controls
and back pain symptomatic subjects. PLoS One. 2017; 12:
€0174034. doi:10.1371/journal.pone.0174034

(16) MUELLER J, HADZIC M, MUGELE H, STOLL J, MUELLER S, MAYER F.
Effect of high-intensity perturbations during core-specific
sensorimotor exercises on trunk muscle activation. ] Biomech.
2018; 70: 212-218. doi:10.1016/j.jbiomech.2017.12.013

(17) MUELLER S, STOLL J, MUELLER J, MICHAEL C, MAYER F. Trunk Muscle
Activity during Drop Jump Performance in Adolescent Athletes
with Back Pain. Front Physiol. 2017; 8: 274. doi:10.3389/
fphys.2017.00274

(18) MULLER J, MULLER S, STOLL J, FROHLICH K, BAUR H, MAYER F.
Reproducibility of maximum isokinetic trunk strength testing
in healthy adolescent athletes. Sport - Sport. 2014; 30: 229-237.
doi:10.1016/j.0rthtr.2014.02.007

(19) NELSON-WONG E, ALEX B, CSEPE D, LANCASTER D, CALLAGHAN JP.
Altered muscle recruitment during extension from trunk flexion
in low back pain developers. Clin Biomech (Bristol, Avon). 2012;
27:994-998. doi:10.1016/j.clinbiomech.2012.07.007

(20) 0’SULLIVAN PB, TWOMEY LT, ALLISON GT. Evaluation of Specific
Stabilizing Exercise in the Treatment of Chronic Low Back Pain
With Radiologic Diagnosi of Spondylolysis or Spondylolisthesis.
Spine. 1997; 22: 2959-2967. doi:10.1097/00007632-199712150-
00020

(21) RADEBOLD AM, CHOLEWICKI JACEK C, PANJABI MC, PATEL T. Muscle
Response Pattern to Sudden Trunk Loading in Healthy
Individuals and in Patients with Chronic Low Back Pain. Spine.
2000; 25: 947-954. d0i:10.1097/00007632-200004150-00009

(22) SARAGIOTTO BT, MAHER CG, YAMATO TP, COSTA LO, MENEZES COSTALC,
OSTELO RW, MACEDO LG. Motor control exercise for chronic non-
specific low-back pain. Cochrane Database Syst Rev. 2016; 2016.
doi:10.1002/14651858.CD012004

(23) SNARR RL, HALLMARK AV, NICKERSON BS, ESCO MR.
Electromyographical comparison of pike variations performed
with and without instability devices. J Strength Cond Res. 2016;
30: 3436-3442. doi:10.1519/JSC.0000000000001436

(24) WIRTH K, HARTMANN H, MICKEL C, SZILVAS E, KEINER M, SANDER A. Core
Stability in Athletes: A Critical Analysis of Current Guidelines.
Sports Med. 2017; 47: 401-414. doi:10.1007/s40279-016-0597-7

(25) WOLBURG T, RAPP W, RIEGER J, HORSTMANN T. Muscle activity of
leg muscles during unipedal stance on therapy devices with
different stability properties. Phys Ther Sport. 2016; 17: 58-62.
doi:10.1016/j.ptsp.2015.05.001

157





