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The Turkish Get-Up (TGU) is a complex and multi-planar exercise; the performer begins in a supine lying
position, progresses toward upright standing through a series of 7 stages while holding a mass overhead
in one hand, and returns to the original supine lying position through a reversal of the same 7 stages. A
descriptive analysis of shoulder muscle activity during the TGU may provide insight toward its use in
training and rehabilitation contexts. Our objectives were to: (1) describe the activity patterns from a
subset of muscles that span the glenohumeral joint during individual stages of the TGU, and (2) interpret
these patterns through comparisons between left- and right-side muscles, and between the up and down
phases of the TGU. Twelve individuals with at least one-year experience performing the TGU were
included in this study. Surface electromyographic (EMG) recordings were bilaterally obtained from 8
glenohumeral muscle groups while participants performed ten trials of the TGU with a kettlebell in their
right hand. Instants representing the start and end of each TGU stage were identified from a synchro-
nized video for each trial, and EMG activities for each muscle were integrated over the duration of each
stage. Average integrated EMG and within-participant coefficients of variation were calculated. Overall,
the greatest muscular demand occurred during the second (press to elbow support) and fifth (leg sweep)
stages. Activities from muscles on the ipsilateral side to the kettlebell (right-side) were greater during
stages when the contralateral upper limb did not contribute to supporting the body; however, contra-
lateral (left-side) muscles were invoked during stages when the non-kettlebell-bearing forearm or hand
contributed to supporting the body. The results suggest the importance of training both phases of the
TGU to gain the most benefit from the exercise and highlights the asymmetric nature of the exercise,
which may be particularly relevant for athletes engaged in activities with rotational demands.

© 2018 Elsevier Ltd. All rights reserved.
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1. Introduction

The Turkish Get-Up (TGU) is an example of a complex and multi-
planar progression-based exercise in which the individual begins in
a supine lying position, progresses toward upright standing
through a series of 7 stages while holding a mass overhead in one
hand, and returns to the original supine lying position through a
reversal of the same 7 stages (see Fig. 1) (Ayash and Jones, 2012;
Liebenson and Shaughness, 2011). Although it is difficult to ascer-
tain the exact origins of this exercise, it has been said that Turkish
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wrestlers would have to competently perform this exercise over
200 years ago as part of their training (Ayash and Jones, 2012). The
TGU gained popularity in the early-2000s as fitness and health
professionals began to teach this exercise in their various seminars
and courses. Adaptations elicited by the TGU have been purported
to improve glenohumeral joint stability by challenging the neuro-
muscular control system to maintain the humeral head within the
glenoid fossa while loading the joint throughout its large range-of-
motion (Ayash and Jones, 2012). Despite its increased popularity
among fitness and health professionals, empirical evaluation of the
TGU and investigation of claims made about the exercise have not
been conducted to date. In particular, this investigation sought to
provide preliminary data to address the claim that the TGU can
improve glenohumeral joint stability.

The shoulder complex represents the articulation between the
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Fig. 1. Still-frame images that illustrate the participant positions at the start and end of each of the seven stages during the Turkish Get-Up exercise. Progressing from left to right
illustrates the up phase of the exercise. The down phase is illustrated by progressing from right to left.

scapula, clavicle, sternum, humerus, and ribcage that comprise four
joints (glenohumeral, acromioclavicular, sternoclavicular, and
scapulothoracic). The musculature of the shoulder complex is
modeled using a set of 38 muscle elements representing 23 mus-
cles that act as stabilizers and movers (Dickerson et al., 2007;
Escamilla et al., 2009; Hess, 2000). Of particular relevance to this
study are the 11 muscles (biceps brachii, teres major, teres minor,
subscapularis, supraspinatus, infraspinatus, latissimus dorsi, cor-
acobrachialis, triceps brachii, deltoid, and pectoralis major) that, by
virtue of their skeletal attachments and lines-of-action, directly
influence the stability and biomechanical loading of the gleno-
humeral joint. Four of these muscles comprise the rotator cuff
(teres minor, subscapularis, supraspinatus, and infraspinatus),
which primarily provides intrinsic control to the humeral head on
the glenoid fossa of the scapula. Weakness or impairment of the
rotator cuff muscles likely decreases the capacity of the shoulder
musculature to stabilize the glenohumeral joint (Hess, 2000). Other
muscles that do not cross the glenohumeral joint (e.g. serratus
anterior, trapezius, rhomboid major, rhomboid minor) can indi-
rectly impact glenohumeral joint biomechanics by their attach-
ments to the scapula. Proper patterns of neuromuscular
coordination and control are particularly important for movements
such as scapular upwards rotation, which is relevant to athletes and
workers who are exposed to significant overhead demands (e.g.
volleyball players, shot-putters, wrestlers, tactical officers)
(Leatherwood et al., 2014); however, the TGU may not be appro-
priate for individuals with painful symptomatology in the shoulder.
As suggested by the postures depicted in Fig. 1, moving through
different stages of the TGU imposes significant demands on the
neuromuscular control system to coordinate muscles that directly
and indirectly stabilize the glenohumeral joint across a wide array
of shoulder complex configurations.

There is a growing interest from preventive and rehabilitative
perspectives to enhance stability of the glenohumeral joint through
training, given that the glenohumeral joint is inherently unstable
and is the most commonly dislocated joint in the body (Reinold
et al.,, 2010). Neuromuscular contributions to joint stability and
stiffness can be quantified, using detailed musculoskeletal models,
by combining surface electromyographic (SEMG) recordings with
additional kinetic and kinematic data (Favre et al., 2012; Labriola
et al., 2005; Potvin and Brown, 2005); however, sEMG data by

themselves are also useful for training and rehabilitation purposes
to describe the magnitude, extent, and timing of muscular activity
during exercise (Escamilla et al., 2009). Thus, a descriptive analysis
of shoulder muscle activities when executing the TGU may provide
new insights to direct its use in training and rehabilitation contexts.

Shoulder muscle activation has been descriptively analyzed
during the performance of several exercises used to improve gle-
nohumeral stability (Escamilla et al., 2009). Shoulder exercises (e.g.
standing internal rotation at 90 degrees of humeral abduction to
isolate the teres major, or abduction in the scapular place to isolate
the supraspinatus) are often used to isolate a specific glenohumeral
joint posture (e.g., isometric abduction), motion (e.g., internal/
external rotation), and/or muscle group (e.g., abductors, internal/
external rotators, etc.) (Decker et al., 2003, 1999; Ellenbecker and
Cools, 2010; Reinold et al., 2004). Although isolation exercises
may be justified in some cases (e.g., to facilitate blood flow after
injury), these exercises may not elicit the adaptations in neuro-
muscular coordination patterns needed to safely and effectively
control movement during activities of daily living and sport
(Escamilla and Andrews, 2009). Consequently, it is advisable to
progress to more complex exercises that challenge the ability of the
performer to coordinate and control their body in a variety of po-
sitions, at multiple speeds, and with external load.

Recent pedagogy in rehabilitation and fitness training advo-
cates that using exercises that combine complex and multi-
planar movements are more likely train and reinforce motion
and motor patterns that transfer to “functional” activities
(Liebenson, 2002). Collectively, the 14 stages in the TGU can be
viewed as a continuously varying set of functional movement
“problems” that must be “solved” by the neuromuscular control
system. Neuromuscular solutions are influenced by a host of
dynamic and interacting task, environmental, and personal fac-
tors (Davids et al., 2003), but are observable via analysis of the
patterns of sEMG activity from muscles that cross the gleno-
humeral joints. Thus, the primary goal of this investigation was to
describe the activity patterns from a subset of muscles that span
the glenohumeral joint during individual stages of the TGU. A
secondary goal was to interpret these patterns through com-
parisons between left- and right-side muscles, and between the
up and down phases of the TGU.
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2. Methods
2.1. Participants

Twelve right-handed adults (6 men, 6 women) were recruited to
participate in the current study (see Table 1). Participants were
recruited from the institution's general student population, and
through a call-to-action on the weekly Agatsu (a company for
continuing education for personal trainers) electronic newsletter
(October 7th, 14th, and 21st 2015). All participants had experience
performing the TGU for at least 1-year, and reported not having
sustained any known musculoskeletal injury within the 6-months
prior to data collection. Each participant read and signed an
informed consent document prior to data collection. The instru-
mentation and protocols for this investigation were approved by
the institutional research ethics board prior to beginning data
collection.

2.2. Instrumentation

2.2.1. Surface electromyography

Activation from 8 bilateral muscles surrounding the shoulder
complex were obtained using SEMG (see Fig. 2). Specific muscles
were: pectoralis major (~2 cm below the clavicle, and medial to the
axillary fold), anterior deltoid (muscle belly, anterior shoulder),
posterior deltoid (muscle belly, posterior shoulder), upper trape-
zius (midway between the C7 spinous, and the acromion), latissi-
mus dorsi (~4cm below the inferior angle of the scapula),
infraspinatus (~4 cm below the spine of the scapula), biceps (mid-
dle of the anterior arm), and triceps (posterior aspect of arm, and
~2 cm superior to the tendon portion of the triceps) (Cram et al.,
1998).

Skin overlying the targeted muscles was shaved with a dispos-
able razor and cleansed with rubbing alcohol prior to electrode
application. Parallel bar electrodes with a fixed (10 mm) distance
between the bars (DE-2.1, Delsys Inc., Boston, MA, USA;
CMRR = 92 dB at 60 Hz, Input impedance = 10° GQ) were affixed to
the preconditioned areas of skin using custom double-sided ad-
hesives, and Hypafix tape. Each electrode was oriented so that its
parallel bars were perpendicular to the presumed direction of the
underlying muscle's fibers. Analog sEMG signals were bandpass
filtered (20—450 Hz), and amplified (Bagnoli-16, Delsys Inc., Boston,
MA, USA) prior to being digitally sampled at a rate of 2048 Hz using
a +10V range on a 16-bit analog-to-digital conversion board
(ODAUIII, Northern Digital Inc., Waterloo, ON, Canada).

Table 1
Descriptive participant demographics.

Fig. 2. Illustration of the bilateral anterior (A) and posterior (B) SEMG electrode
placements.

2.2.2. Synchronized video

Video recordings for all TGU trials were also obtained at a rate of
60 Hz using a single digital video camera. The camera was posi-
tioned to capture video of the TGU trials in the sagittal plane (see
Fig. 3). A light emitting diode (LED) was also visible in the video
frame. The LED was connected to a trigger, which became active at
the initiation of data collection on the computer that was respon-
sible for recording the sEMG data.

2.3. Protocol

A consistent description of the TGU was reviewed with each
participant by an investigator with 9 years of experience per-
forming the TGU prior to instrumentation and data collection. This
was done to increase homogeneity in TGU performance across
study participants, due to minor variations of the TGU exercise that
exist. Specifically, each repetition of the TGU was performed with
participants holding a kettlebell in their right hand, and followed a
sequence of 14 stages (7 progressing from lying supine to upright
standing, and 7 progressing from upright standing to lying supine)
(Liebenson and Shaughness, 2011). The exercise began with par-
ticipants lying supine, and holding the kettlebell in their right hand.
From this position, the kettlebell was pressed upwards (supine
press — Stage 1, see Fig. 1A—B). Participants then raised their upper

Participant Gender Age Height (cm) Mass Experience Study 1RM Study percent of 1RM
(kg) (Years) (kg) (kg)
1 Female 31 160 499 8.0 8 20 40
2 Female 46 156 51.3 8.0 8 16 50
3 Female 22 184 72.6 4.0 8 16 50
4 Female 26 163 703 25 8 20 40
5 Female 28 175 68.0 6.0 8 24 33
6 Female 44 160 60.8 5.0 8 24 33
7 Male 27 185 83.9 5.0 16 36 44
8 Male 44 175 87.5 7.0 16 32 50
9 Male 29 172 88.5 7.0 16 30 53
10 Male 26 180 84.4 4.0 16 32 50
11 Male 28 185 78.9 5.0 16 50 32
12 Male 28 175 72.6 1.0 16 30 53
Average (SD) 31.6 173 72.4 5.2 275 44
(8.2) (10) (13.2) (2.1) (9.7) (8)

1RM = self-reported maximum mass used to complete a single repetition of the Turkish Get-Up exercise.
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Fig. 3. Still-frame image obtained from video recording during a single repetition of the Turkish Get-Up exercise. The video recording and muscle activity data were synchronized by

noting the timecode at which a light emitting diode indicator was activated (inset).

body off the ground by partially supporting their mass on their left
elbow (press to elbow — Stage 2, see Fig. 1B—C). The left upper
extremity support was changed from the elbow to the hand (Stage
3), and the hips were subsequently extended (high bridge — Stage
4) to allow the left leg to pass underneath the body (leg sweep —
Stage 5) so that the participant was in a half-kneeling position (leg
sweep to half-kneeling — Stage 6) (see Fig. 1C—G). Finally, the
participant stood up from the half-kneeling position, while holding
the Kkettlebell overhead (half-kneeling to stand — Stage 7, see
Fig. 1G—H).

Participants practiced the TGU (self-selected number of repeti-
tions with a minimum of one repetition), as described, prior to
SsEMG instrumentation. Each participant performed each repetition
of the TGU at their self-selected pace. Males performed the TGU
with a 16 kg kettlebell, whereas females used an 8 kg kettlebell.
These masses were consistent with those recommended for in-
dividuals performing the TGU with an intermediate level of profi-
ciency (Ayash and Jones, 2012). Our participants were considered to
have had an intermediate level of proficiency given that they had a
minimum of 1-year experience performing the TGU. The afore-
mentioned investigator observed all practice and data collection
trials of the TGU to ensure that the participants performed the
exercise according to the aforementioned description.

After having completed the initial set of practice trials, and after
application of the sSEMG instrumentation, participants performed a
series of maximal voluntary isometric contractions (MVICs) against
manually applied matching resistance. Specific contractions were:
elbow flexion with elbow flexed 90° (biceps), elbow extension with
elbow flexed 90° (triceps), shoulder forward flexion with humerus
in anatomical neutral position (anterior deltoid), shoulder back-
ward extension with humerus in anatomical neutral position
(posterior deltoid), humerus external rotation with humerus at
neutral and elbow flexed 90° (infraspinatus), humerus adduction in
transverse plane with humerus abducted 90° and elbow flexed 90°
(pectoralis major), humerus adduction in frontal plane with hu-
merus abducted 90° and elbow flexed 90° (latissimus dorsi), and
shoulder elevation (trapezius). Each of these contractions were
performed twice bilaterally with a minimum of 1-min of rest in
between contractions to mitigate the potential for muscular fa-
tigue. The goal of the MVICs was to record the maximum
myoelectric voltage of voluntary contraction for each muscle,
which were used as participant-specific normalization factors

during post-processing of the sEMG data (Lehman and McGill,
1999). Resting myoelectric amplitudes, to allow for removal of
baseline activity during post-processing, were also obtained from
two trials where participants laid supine and prone on a treatment
table surface.

Participants were then asked to practice the TGU again to
familiarize themselves with the instrumentation for a minimum of
one repetition. Acquisition of SEMG data during the TGU began
after participants indicated that they were comfortable with per-
forming the TGU, as described, and while wearing the sEMG
instrumentation. SEMG data were obtained from each participant
during 10 self-paced repetitions of the TGU, and supervised by the
experienced investigator. After each trial, the investigator asked
participants to subjectively rate their performance of the repetition
as either satisfactory or unsatisfactory. If a repetition was deemed
“unsatisfactory” by participants, an additional repetition was per-
formed. Data from any “unsatisfactory” repetition were not used in
subsequent post-processing and analyses. Participants were
required to rest for a minimum of 2-min in between each repeti-
tion. Additional rest was provided at the request of participants to
avoid fatigue.

2.4. Data processing and analysis

Initial post-collection processing of the sEMG data was per-
formed using Visual3D (Version 5.02, C-Motion Inc., Germantown,
MD, USA). All raw sEMG data from each MVIC, resting, and TGU trial
were full-wave rectified and digitally filtered using a single pass of a
Butterworth filter with a cutoff frequency of 2.5 Hz to create a linear
envelope (Brereton and McGill, 1998). The minimum sEMG am-
plitudes from the linear envelopes of the data obtained during the
resting trials, representing resting baseline activity, were sub-
tracted from the sEMG data obtained during each MVIC and TGU
trial. After removing the resting baseline activity, the linear enve-
lopes of the sEMG data obtained during the TGU trials were
normalized to the maximum sEMG amplitude for each muscle that
was obtained during the MVIC trials. Thus, time-varying SEMG data
from each TGU trial were expressed as a percentage of MVIC.

Timecodes for the occurrence of LED illumination, signifying the
initiation of SEMG data collection, as well as the start and end of
each TGU stage were visually identified and recorded from the
video of all TGU trials by an investigator (see Fig. 3). Events
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representing the start and end of each stage for each TGU trial were
then determined with respect to the time at which LED illumina-
tion occurred (see Fig. 4). These relative times represented the
elapsed time in the SEMG data that coincided with the occurrence
of the start and end of each stage for each TGU trial.

Normalized sEMG data from each TGU trial were then exported
from Visual3D to Matlab (Version R2013b, The Mathworks Inc.,
Natick, MA, USA). sEMG data from each of the monitored muscles,
and each TGU trial were numerically integrated across the dura-
tions of each stage using the start and end times for each stage (see
Fig. 4). Integrated sEMG (iEMG) data were used to evaluate total
demand imposed on each monitored muscle during each stage
during each TGU trial.

For each participant, the average and standard deviation of
iEMG values were determined across each of their 10 TGU trials for
each of the monitored muscles, and for each of the 14 stages. Co-
efficients of variation (i.e., ratios of the standard deviations to the
averages) were also calculated for each of the monitored muscles,
and for each of the 14 stages. The coefficients of variation repre-
sented a measure of the within-participant consistency of iEMG
during each stage between TGU trials. Average durations for each
stage were also determined for each participant across the 10 TGU
trials. Group averages and standard deviations for the average iEMG
and coefficients of variation for each monitored muscle, as well as
the durations for each of the 14 stages were determined.

3. Results
3.1. Integrated EMG

Summary measures of iEMG for individual stages during the up
and down phases of the TGU are reported in Tables 2 and 3. Overall,

the greatest muscular demand was imposed during the second
(press to elbow support) and fifth (leg sweep) stages. Activities
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from muscles on the right side of the body were greater during
stages where the left upper limb was not contributing to support
the body; however, muscles on the left side were invoked during
stages (2—5) when either the left forearm or hand contributed to
supporting the body. In particular, the total muscular challenge on
the left side was, on average, 42% greater during the fourth and fifth
stages. The right triceps exhibited the greatest total challenge
throughout the TGU, and the latissimus dorsi was the primary
contributor on the left side of the body.

Muscular challenge during the up and down phases of the TGU
were generally similar throughout the fourth to seventh stages. On
average the overall activity in stages 1, 2, and 3 was 29% lower
during the down phase of the TGU.

3.2. Within-participant coefficients of variation in integrated EMG

Summary measures for the within-participant coefficients of
variation for individual stages during the up and down phases of
the TGU are reported in Tables 4 and 5. The largest coefficients of
variation were demonstrated for muscles that were minimally
active during the given stage (e.g. left side muscles during stage 1).
Consistency in activation was greater for muscles on the right side
of the body with 51% (57/112; 8 muscles/stage * 14 stages = 112) of
right side muscles throughout all stages having a coefficient of
variation that was below 25%, compared to 27% (30/112) on the left
side. The coefficient of variation was also larger in 75% (84/112; 16
muscles/stage * 7 stages = 112) of cases during the down phase of
the TGU.

3.3. Stage durations
The second stage (press to elbow support) took the longest for

participants to complete (see Fig. 5). Differences between the up
and down phases were noted for stages 3, 4, and 6. Specifically, the
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Fig. 4. Exemplar time-series data for activation of the right anterior deltoid during a single repetition of the Turkish Get-Up exercise. The solid gray line indicates the onset of the
light emitting diode for synchronizing the video and muscle activity data. Vertical gray dashed lines represent the start and end instants for individual stages. Black and gray shaded
regions illustrate the area underneath the muscle activation time-series data between the start and end instants for each stage (i.e. integrated muscle activity).
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Table 2

Average integrated muscle activities during each stage of the upward phase of the Turkish Get-Up exercise. Standard deviations are presented within parentheses.

E. St-Onge et al. / Journal of Bodywork & Movement Therapies 23 (2019) 23—31

Stage Muscle

Right Left
PM AD BIC TRI PD uT INF LD PM AD BIC TRI PD uT INF LD
1 29.5 384 7.7 314 5.2 4.8 21.0 39 1.5 1.5 0.3 1.5 1.1 0.5 0.9 2.5
(12.3) (12.6) (6.5) (37.9) 3.7) (4.0) (10.7) (4.1) (1.0) (1.7) (0.2) (1.0) (1.9) (0.6) (0.8) (2.9)
2 16.9 24.8 129 43.5 36.6 325 47.2 11.7 10.1 11.7 4.0 21.8 40.6 45.2 19.6 60.7
(11.8) (16.4) (7.7) (26.0) (17.2) (21.3) (12.4) 9.7) (4.1) (8.8) (2.0) (8.2) (13.6) (21.7) (6.8) (26.5)
3 6.2 23.7 10.6 28.7 28.6 37.7 21.7 7.0 4.8 34 5.0 49.1 174 14.6 18.1 42.1
(10.9) (14.8) (6.1) (16.6) (15.1) (19.7) (9.6) (7.9) (3.3) (2.4) (3.1) (10.9) (8.5) (7.1) (9.2) (18.2)
4 39 12.2 7.5 235 16.1 17.2 13.6 3.8 5.4 29.8 17.7 29.8 135 103 121 26.0
(4.3) (9.6) (6.7) (11.0) (8.1) (13.6) (7.6) (3.3) 3.2) (20.0) (15.7) (10.6) (8.3) (6.2) (6.3) (14.3)
5 6.3 8.7 124 27.6 335 19.1 225 15.2 6.9 41.7 34.4 39.0 339 11.8 26.4 19.3
(8.8) (6.6) (9.1) (14.7) (20.5) (16.9) (12.4) (10.7) (3.8) (334) (35.6) (15.5) (17.7) (9.9) (14.4) (15.3)
6 8.9 25.6 12.6 24.8 24.2 338 15.1 8.8 33 29 4.0 113 4.8 10.8 54 6.0
(9.2) (14.9) (9.5) (15.5) (16.6) (21.7) (54) (6.6) (1.9) (2.5) (3.6) (4.7) (3.1) (4.1) (3.3) (4.2)
7 115 51.3 139 234 235 54.7 14.8 9.0 24 3.8 2.0 2.6 3.8 21.8 4.6 6.8
(13.2) (26.5) (10.6) (11.8) (12.8) (33.7) (6.1) (8.8) (1.1) (2.8) (1.9) (1.1) (2.0) (1.1) (3.8) (5.2)
PM = Pectoralis Major; AD = Anterior Deltoid; BIC = Biceps Brachii; TRI = Triceps Brachii; PD = Posterior Deltoid; UT = Upper Trapezius; INF = Infraspinatus; LD = Latissimus
Dorsi.
Table 3

Average integrated muscle activities during each stage of the downward phase of the Turkish Get-Up exercise. Standard deviations are presented within parentheses.

Stage Muscle

Right Left
PM AD BIC TRI PD uT INF LD PM AD BIC TRI PD uT INF LD
1 20.0 15.7 12.6 20.7 3.7 49 11.6 45 2.0 2.6 1.2 1.5 1.2 09 1.8 33
(9.7) (7.1) (8.5) (22.5) (2.1) (3.9) (3.0) (4.9) (1.3) (2.6) (1.7) (1.2) (1.6) (0.8) (1.2) (4.6)
2 21.9 274 12.6 36.5 204 18.2 359 124 12.8 9.6 3.7 17.8 21.6 20.9 13.9 27.7
(10.4) (13.8) (8.6) (30.7) (11.9) (14.2) (15.2) (11.0) (9.1) (6.1) (3.8) (12.5) (13.1) (16.3) (9.8) (18.5)
3 52 15.7 9.0 229 21.7 243 16.5 5.0 35 58 4.8 228 17.2 124 10.6 26.2
(10.5) (11.4) (7.3) (16.9) (10.5) (16.9) (8.3) (5.9) (2.8) (6.1) (3.3) (9.7) (10.0) (8.6) (7.2) (15.0)
4 5.6 15.4 10.2 28.3 19.8 26.0 183 5.4 6.4 259 19.7 31.7 12.2 9.2 13.7 29.7
(7.7) (13.0) (8.0) (15.5) (10.5) (19.1) (8.6) (5.7) (4.0) (20.8) (15.7) (12.5) (8.6) (7.1) (7.3) (12.8)
5 7.2 10.2 135 29.2 249 132 21.8 9.0 5.7 29.3 30.5 41.0 315 20.3 223 229
(8.4) (7.0) (10.2) (17.1) (13.8) (10.2) (15.1) (6.4) (34) (22.1) (30.9) (17.1) (14.9) (9.9) (11.7) (16.9)
6 6.5 18.2 10.5 273 29.2 26.3 17.3 94 23 3.6 4.5 135 134 16.2 9.8 4.1
(10.2) (12.2) (8.1) (15.2) (16.8) (15.4) (8.4) (7.6) (1.2) (1.9) (4.3) (4.9) (7.5) (5.9) (5.6) (2.6)
7 10.6 485 12.9 22.8 254 50.7 145 8.9 1.9 1.2 3.1 2.7 3.6 21.9 6.0 7.3
(124)  (29.3) (102) (104) (156) (27.7) (7.3) (105) (14) (6.2) (6.7) (1.7) (2.5) (124)  (11.2)  (9.9)
PM = Pectoralis Major; AD = Anterior Deltoid; BIC = Biceps Brachii; TRI = Triceps Brachii; PD = Posterior Deltoid; UT = Upper Trapezius; INF = Infraspinatus; LD = Latissimus
Dorsi.
Table 4

Average within-participant coefficients of variation for integrated muscle activities during each stage of the upward phase of the Turkish Get-Up exercise. Standard deviations
are presented within parentheses.

Stage Muscle

Right Left
PM AD BIC TRI PD uT INF LD PM AD BIC TRI PD uT INF LD
1 13.0 11.8 22.7 17.6 22.1 19.2 26.8 44.8 323 58.9 65.2 67.4 48.2 40.0 43.6 279
(3.8) 3.7) (8.9) (7.7) (4.7) (4.9) (15.8) (27.2) (22.1) (26.0) (29.6) (15.7) (21.3) (28.1) (25.2) (15.7)
2 30.1 25.2 26.8 204 20.1 19.6 19.5 36.2 30.7 31.8 326 271 24.8 24.8 23.2 20.1
(14.0) (5.8) (8.3) (5.6) (8.8) (9.5) (7.5) (25.9) (12.7) (11.8) (10.5) (9.3) (11.1) (13.2) (17.5) (9.5)
3 33.6 22.6 22.6 204 20.6 19.3 21.0 242 233 45.2 23.1 135 23.1 28.1 20.9 19.1
(23.0) (8.6) (9.0) (6.5) (7.8) (6.9) (8.4) (14.1) (13.7) (15.6) (10.3) (4.2) (8.4) (9.6) (10.9) (5.6)
4 314 333 29.5 23.8 293 333 23.0 333 22.7 229 319 16.4 32.7 354 19.6 24.1
(12.5) (11.5) (13.2) (10.2) (15.3) (11.2) (10.7) (24.0) (8.7) (8.2) (14.4) (6.9) (12.5) (8.2) (7.0) (8.6)
5 28.2 31.8 23.8 24.4 26.4 31.6 24.5 28.5 23.6 25.9 24.9 174 27.1 29.0 21.6 313
(13.9) (12.4) (10.1) (13.3) (11.5) (11.1) (9.2) (8.6) (7.8) (12.0) (9.6) (6.1) (8.0) (13.1) (6.4) (13.6)
6 42.4 24.7 274 211 26.2 222 203 211 331 57.6 41.9 31.0 42.9 20.8 30.8 30.7
(28.9) (8.7) (10.9) (11.1) (8.9) (9.4) (7.6) (7.2) (10.1) (24.9) (14.8) (16.5) (10.5) (4.4) (7.1) (12.0)
7 31.7 18.7 18.7 20.1 17.4 15.2 20.7 19.8 29.2 41.1 45.1 414 349 17.8 234 20.2
(12.6) (34) (5.3) (6.6) (4.8) (6.2) (7.1) (5.0) (8.2) (24.2) (24.9) (16.6) (17.5) (5.5) (7.9) (4.7)

PM = Pectoralis Major; AD = Anterior Deltoid; BIC = Biceps Brachii; TRI = Triceps Brachii; PD = Posterior Deltoid; UT = Upper Trapezius; INF = Infraspinatus; LD = Latissimus

Dorsi.
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Average within-participant coefficients of variation for integrated muscle activities during each stage of the downward phase of the Turkish Get-Up exercise. Standard de-
viations are presented within parentheses.

Stage Muscle
Right Left
PM AD BIC TRI PD uT INF LD PM AD BIC TRI PD uT INF LD
1 24.5 243 30.2 27.0 304 37.1 27.0 51.3 37.0 62.7 68.2 60.3 60.5 443 35.8 324
(4.7) (8.6) (10.0) (11.1) (16.6) (12.1) (9.2) (54.2) (26.2) (35.5)  (31.2) (347) (252) (188) (132) (13.3)
2 36.5 26.0 30.7 26.3 28.8 343 19.2 45.7 39.7 43.8 452 45.9 37.2 31.1 34.0 374
(384) (13.1) (15.5) (9.7) (9.9) (29.6) (5.6) (43.6) (39.2) (245) (36.8) (37.7) (142) (115) (131) (13.9)
3 41.6 385 314 26.5 276 33.0 26.1 30.7 274 50.0 36.6 26.9 26.6 394 235 254
(21.8) (136) (12.8) (8.9) (9.2) (10.2) (10.7) (11.7) (8.3) (13.2) (16.6) (7.1) (104) (17.1)  (5.8) (7.0)
4 326 359 28.7 24.2 31.7 30.6 23.7 304 248 31.2 30.6 22.3 414 39.7 24.2 24.0
(13.4) (106) (9.7) (8.2) (204) (19.2) (9.9) (13.1) (7.5) (13.9) (102) (100) (12.8) (174) (8.9) (10.6)
5 42.7 39.8 253 25.6 32.7 36.6 244 30.4 237 25.6 243 18.7 28.4 303 20.6 43.2
(21.7) (142) (6.1) (6.5) (10.2) (14.5) (6.7) (11.7) (9.1) (6.8) (9.8) (5.7) (9.0) (10.5)  (7.5) (14.3)
6 354 35.7 234 24.1 30.7 284 264 32.8 29.8 441 433 29.5 24.1 243 27.5 36.6
(11.2)  (103) (7.0) (7.3) (9.7) (10.6) (6.4) (19.3) (12.0) (39.1) (472) (161) (6.6) (11.3) (16.7) (14.3)
7 309 204 219 16.4 15.4 17.0 229 20.3 20.3 43.7 314 33.6 337 132 225 21.8
(9.3) (7.6) (9.4) (4.9) (4.4) (5.9) (13.6) (10.5) (6.0) (344) (11.7) (123) (153) (2.3) (12.1)  (9.8)

PM = Pectoralis Major; AD = Anterior Deltoid; BIC = Biceps Brachii; TRI = Triceps Brachii; PD = Posterior Deltoid; UT = Upper Trapezius; INF = Infraspinatus; LD = Latissimus

Dorsi.
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Fig. 5. Average durations for individual stages during the up (black bars) and down (white bars) phases of the Turkish Get-Up exercise. Error bars represent the standard deviation.

transition from hand to elbow support during the up phase (stage
3) was longer in duration than the reverse transition during the
down phase. Both the high bridge (stage 4), and the half-kneeling
(stage 6) stages were shorter in duration during the up phase.

4. Discussion

This investigation sought to describe the activity patterns from a
subset of muscles that span the glenohumeral joint during indi-
vidual stages of the TGU. Patterns of muscle activity were inter-
preted by qualitatively comparing between muscles on the sides of
the body that were ipsilateral (right), and contralateral (left) to the
hand holding the kettlebell, and between the up and down phases
of the TGU. Overall muscle activity was higher for the ipsilateral
upper limb during the stages when the contralateral upper limb
was not contributing to support the body; however, activation of

the contralateral musculature was greater during the fourth and
fifth stages when the contralateral upper limb was required to
support the body. Motor pattern consistency was greater during the
up phase of the TGU. These descriptive findings collectively provide
insight to the neuromuscular control strategies to “solve” the
varying set of movement “problems” posed by the TGU, which can
be useful for training and rehabilitation purposes (Escamilla et al.,
2009).

Ayash and Jones (2012) have suggested that the TGU can be used
as an exercise to improve and reinforce glenohumeral joint stability
by training muscles and motor patterns that control scapular po-
sition and movement. Muscles that cross the glenohumeral joint,
but do not directly control scapular position and movement, also
contribute to glenohumeral joint stability (Favre et al., 2012;
Labriola et al., 2005). Seven of the eight muscles that were moni-
tored in this investigation cross the glenohumeral joint by at least
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one of their anatomical attachments, and would have directly
contributed to glenohumeral joint stability. The upper trapezius, a
significant contributor to scapular elevation, was the only moni-
tored muscle that did not cross the glenohumeral joint (Escamilla
et al.,, 2009). A muscle's instantaneous contribution to joint stabil-
ity is a function of its length, origin and insertion locations, moment
arm length from the joint, as well as the muscle's active force and
stiffness (Potvin and Brown, 2005). Despite the approximately
linear relationship between muscle activation and force (Lawrence
and De Luca, 1983), and the subsequent relationship between a
muscle's force and stiffness (Bergmark, 1989), the data recorded
and presented in this study cannot be directly related to the sta-
bilizing contribution of individual muscles spanning the gleno-
humeral joint. This is because we neither measured glenohumeral
kinematics, nor employed a biomechanical model of the shoulder
joint and its musculature.

Notwithstanding the abovementioned challenges associated
with making inferences about muscular contributions to joint sta-
bility based solely on measures of muscle activation, muscular ac-
tivities reported during individual stages of the TGU can be
compared to those measured in other shoulder rehabilitation ex-
ercises. For example, activity of the right infraspinatus during the
up phase of the TGU was qualitatively similar to reported activity
from the same muscle during humeral external rotation exercises
with varying amounts of humeral abduction (Myers et al., 2005;
Townsend et al., 1991). Activities of the upper trapezii (right —
stage 7 during up and down phases; left — stage 2 during up phase),
anterior deltoids (right — stage 7 during up and down phases; left —
stage 5 during up phase), left latissimus dorsi (stages 2 and 3 during
up phase), and left posterior deltoid (stage 2 during up phase) at
different points during the TGU were also similar to a collection of
shoulder rehabilitation exercises reviewed by Escamilla and col-
leagues (Escamilla et al., 2009). Such comparisons are very useful if
the objective is to target specific muscle groups for a specific pur-
pose (e.g., to direct blood flow to rotator cuff muscles after acute
injury/surgery). However, as explained in the paragraph above,
direct inferences regarding muscle function are challenging to
make between exercises without having corresponding kinematic
and kinetic data to use in musculoskeletal models (e.g. Dickerson
et al., 2007). Given the variation in body positions and muscle ac-
tivity reported in the current study, detailed biomechanical ana-
lyses of the TGU are warranted if attempting to use it as a modality
to improve and reinforce glenohumeral joint stability and/or to
facilitate training transfer across a variety of functional contexts.

There are several study (de)limitations that should be consid-
ered when interpreting the results. First, the data in the current
investigation (iEMG) represents the total muscular activity across a
stage of the TGU, whereas most studies report peak EMG (Escamilla
et al., 2009). The decision to report iEMG was based on the inten-
tion to provide an overall measure of neuromuscular demand
imposed using all data collected, as opposed to extracting instan-
taneous data points to represent complex patterns. Second, the
TGU can be performed at varying speeds and with various masses,
and it is conceivable that magnitudes and patterns of muscle ac-
tivity reported in the current investigation would not be repre-
sentative across all such variations. Third, study participants were
asymptomatic, and had at least 1-year of performing the TGU ex-
ercise. The inclusion criteria was based on the expectation that
inexperienced participants would require substantial training to
achieve acceptable performance standards, and that symptomatic
participants may have restrictions that could prevent them from
meeting these same standards. Fourth, activities from a subset of
muscles within the shoulder complex were measured due to their
accessibility for measurement with sEMG. Since the TGU is pre-
sented as a whole-body exercise (Ayash and Jones, 2012; Liebenson

and Shaughness, 2011), it would be justified in future studies to
measure activities from the lower limb and trunk musculature, in
addition to other muscles surrounding the shoulder complex.
Lastly, glenohumeral kinematic data were not obtained alongside
the sEMG data. As suggested above, simultaneous recording of
shoulder muscle activities and glenohumeral kinematic data would
provide an opportunity to interpret the activities with respect to
the functional roles of the muscles during each stage of the TGU.

5. Conclusion

Our study described activities of the superficial torque-
producing muscles of the shoulder throughout the TGU. Torques
produced by muscles spanning the glenohumeral joint, through
their activation, provide mechanical advantages to create stability
during a loaded overhead exercise. Thus, the data from the current
investigation provide insight and implications on the necessary
neuromuscular control strategies necessary to tolerate the de-
mands of an overhead movement such as a TGU. The data also
provides insight for implementation of the TGU into training and
the latter stages within rehabilitation protocols for athletes with
significant overhead demands. Results of this study are directly
applicable to athletic populations of healthy individuals that have
experience with kettlebell training; however, strength and condi-
tioning professionals can add the TGU to the programming of their
overhead athletes (e.g. volleyball players and shot-putters) since it
likely mimics the sport-specific glenohumeral joint torque and
stability demands placed on these athletes. Strength and condi-
tioning specialists should be aware that: (1) the neuromuscular
control strategies for a given stage of the TGU are not the same
between the up and down phases; and, (2) the contralateral (i.e.
non-kettlebell) glenohumeral joint is significantly challenged due
to its weight-bearing demands during stages 2—5 of the TGU. The
first point emphasizes the importance that athletes train both
phases of the TGU to gain the most benefit from the exercise. Our
second point highlights the asymmetric nature of the exercise,
which may be particularly relevant for athletes engaged in activ-
ities with rotational demands (e.g. volleyball, hockey, shotput).
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