
EMG	in		
schouder	revalidatie	

Joint	Together	II	Klinisch	redeneren	consensus	of	contrast



Thierry	Franke,	Fysiotherapeut	 	 	 	 	 	 @tjerr	

Medisch	Centrum	Zuid-Flytta	 	 	 	 	 @mczflytta	

schouder-expertisecentrum.nl		 	 	 	 @schouderfysio	

Student	Master	Fysiotherapiewetenschappen	UU	Utrecht

http://schouder-expertisecentrum.nl


Scapula dyskinesie

EMG-meting

Motorisch leren

Behandeling

Inhoud



“Alterations in static scapular position 
and dynamic scapular motion.”1

Scapula Dyskinesie

1Uhl et al. (2009), Arthroscopy: The Journal of Arthroscopic and Related Surgery, Vol 25, No 11: pp 1240-1248  
Afbeeldingen: Codman (1934), The Shoulder



“scapular dyskinesis by itself is not 
an injury or a musculoskeletal 

diagnosis”

Kibler et al, Br J Sports Med, 2013

Scapula dyskinesie                 schouderklachten



„There is a limited understanding of how specific 
tissue pathology relates to shoulder function, as 
evidenced by asymptomatic rotator cuff tears.”

Scapula dyskinesie                 schouderklachten

Kibler et al, Br J Sports Med, 2013



Madsen	et	al,	Clin	J	Sports	Med,	2011
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„..no consensus about the cause–
consequence relationship between scapular 

dyskinesis shoulder and or neck pain. „

Cools et al, Br J Sports Med, 

published online first 18-05-2013
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Scapular external rotation 
Pennsylvania Shoulder score

Upper trapezius activity
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Clarsen et al, Br J Sports Med, 2014

N=163
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Is there a relationship between subacromial impingement syndrome and 
scapular orientation? A systematic review. 
Ratcliffe E1, Pickering S2, McLean S3, Lewis J4. Br J Sports Med. 2014 Aug;48(16) 

Currently, there is insufficient evidence to support a clinical belief that the 
scapula adopts a common and consistent posture in SIS

Scapula dyskinesie                 schouderklachten
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sEMG* measurement - 
Feedforward?

Scapulothoracic Myofeedback 

*sEMG = surface electromyography 
1Uhl TL, et al. Arthroscopy 2009 Nov;25(11):1240-1248. 
2Zachry T, et al. Brain Res Bull 2005 10/30;67(4):304-309. 
3Lohse K, et al. Journal of experimental psychology.General 2014;143(2):930-48. 
4Lohse K, et al. Human Movement Science 2010;29(4):542-55.
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Kibler et al, J Sh Elb Surg, 2002



Kibler et al, J Sh Elb Surg, 2002

K=0.31 (physicians)
K =0.42(PT)

K=0.59 (physician)
K=0.49 (PT)

Inter-rater agreement
 

Intra-tester reliability 

MODERATE RELIABILITY



K=0.57 live

K=054 video

Inter-rater agreement
 



Sensitiviteit
Specificiteit

Inter-rater agreement

10  - 54 %
62  - 94 %

61%

Scaption - Flexion

Uhl et al. (2009), Arthroscopy: The Journal of Arthroscopic and Related Surgery, Vol 25, No 11: 
pp 1240-1248 



Uhl et al. (2009), Arthroscopy: The Journal of Arthroscopic and Related Surgery, Vol 25, No 11: 
pp 1240-1248 

Inter-rater agreement 79%
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EMG Meting

Afbeeldingen: seniam.org 
1Hermens HJ et al. (2000) J Electromyogr Kinesiol 2000;10(5):361-74. (seniam.org)  

2 Ekstrom R,et al. (2004) J Orthop Sports Phys Ther; 34(5):235-43. 

3Santos et al., Manuscript Submitted


4Matsuki et al., Journal Shoulder Elbow Surg, June 2011, Volume 20, Issue 4, Pages 659–665

5Yoshizaki et al., Journal Shoulder elbow Surg, 2009 vol:18 iss:5 pg:756 -63


6Morais et al., Manual Therapy, 2013, 18 46-53

Elektrode plaatsing


• seniam.org1: Upper Trapezius, 
Lower Trapezius, Deltoideus 
Anterior.


• Serratus Anterior2


• 1-zijdig3,4,5,6

http://seniam.org
http://seniam.org
http://www.jshoulderelbow.org/issue/S1058-2746(11)X0003-4
http://seniam.org


EMG Meting

afbeeldingen: 1Ekstrom et al., Journal of Electromyography and Kinesiology 15 (2005) 418–428

Seitz & Uhl, Journal of Electromyography and Kinesiology 22 (2012) 968–974

Maximal Voluntary Contraction1,2
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Cognitieve fase

Associatieve fase

Autonome fase

Fitts	&	Posner	(1967)

Motorisch	leren



Afbeelding:	Beek	en	Roerdink,	Physios,	2012



1Wulf	et	al,	Rev	Sport	Exerc	Psychol,	2012	
2Benjaminse	et	al,	Phys	Ther	in	Sports,	2014	
Afbeelding:	3Beek	en	Roerdink,	Physios,	2012

Knowledge	of	Result	-	External	Focus1,2,3



McNair et al, BSJM, 2000



Gokeler	et	al,	Sports	Med,	2013
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Abstract

The performance and learning of motor skills has been shown to be enhanced if the performer adopts an external focus of attention (focus on
the movement effect) compared to an internal focus (focus on the movements themselves) [G.Wulf, W. Prinz, Directing attention to movement
effects enhances learning: a review, Psychon. Bull. Rev. 8 (2001) 648–660]. While most previous studies examining attentional focus effects
have exclusively used performance outcome (e.g., accuracy) measures, in the present study electromyography (EMG) was used to determine
neuromuscular correlates of external versus internal focus differences in movement outcome. Participants performed basketball free throws
under both internal focus (wrist motion) and external focus (basket) conditions. EMG activity was recorded for m. flexor carpi radialis, m.
biceps brachii, m. triceps triceps brachii, and m. deltoid of each participant’s shooting arm. The results showed that free throw accuracy was
greater when participants adopted an external compared to an internal focus. In addition, EMG activity of the biceps and triceps muscles
was lower with an external relative to an internal focus. This suggests that an external focus of attention enhances movement economy, and
presumably reduces “noise” in the motor system that hampers fine movement control and makes the outcome of the movement less reliable.
© 2005 Elsevier Inc. All rights reserved.

Keywords: Focus of attention; Electromyography; Basketball; Free throw

In the past few years, a number of studies have shown
that an individual’s focus of attention can have an important
influence on motor performance and learning [25]. Specifi-
cally, focusing on one’s body movements, that is, adopting
a so-called internal focus, during the execution of a motor
skill has been found to be relatively ineffective. In contrast,
focusing on the effects that one’s movements have on the
environment (e.g., an apparatus or implement), or adopting
an external focus, has been demonstrated to result in more
effective performance and learning [3,8,9,12,18,27,29]. For
example, wording the instructions given to learners in a way
that they direct attention to the movement effect, rather than
to their movements, has been found to enhance the accuracy
of golf shots [19], volleyball serves [20], soccer kicks [20,28],
and basketball free throws [1]. In addition, numerous studies

∗ Corresponding author. Tel.: +1 702 895 0938; fax: +1 702 895 1500.
E-mail address: gabriele.wulf@ccmail.nevada.edu (G. Wulf).

have shown enhanced balance performance when individuals
adopt an external focus, e.g., [6,8,9,12,18]. Interestingly, in
studies that included control conditions without attentional
focus instructions [6,18,21,29], external focus instructions
resulted in more effective learning than both internal focus
and no instructions, with no difference between the latter two.
This suggests that an external focus of attention enhances
learning (rather than an internal focus degrading learning).
Wulf et al. [8,23,27] proposed a constrained action hypoth-

esis to explain these attentional focus effects. According
to this view, individuals consciously try to control their
movements when they are asked to adopt an internal focus
(and perhaps also when they are not given attentional focus
instructions). As a consequence, they tend to constrain their
motor system and inadvertently disrupt automatic control
processes. In contrast, focusing on the movement effect,
or adopting an external focus, allows unconscious or auto-
matic processes to control their movements—resulting in

0361-9230/$ – see front matter © 2005 Elsevier Inc. All rights reserved.
doi:10.1016/j.brainresbull.2005.06.035
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Fig. 1. Average free throw accuracy scores of the internal and external focus
groups.

no main effects of block or trial, Fs (1, 13) < 1, or any inter-
action effects.

2.2.2. Biceps brachii
For biceps, EMG activity was clearly lower under the

external relative to the internal focus condition (see Fig. 2,
second from left). This was confirmed by a significant main
effect of attentional focus, F (1, 13) = 4.94, p< .05. The main
effects of block and trial were not significant, Fs < 1. Also,
there were no significant interactions.

2.2.3. Triceps brachii
Similar to biceps, there was significantly less EMG activ-

ity for triceps when participants adopted an external com-
pared to an internal focus (see Fig. 2, second from right), F
(1, 13) = 5.92, p< .05. There were no significant main effects
of block, F (1, 13) = 1.28, p> .05, or trial, F (1, 13) = 1.21,
p> .05. Furthermore, none of the interaction effects were sig-
nificant.

2.2.4. Deltoid
For deltoid activity, there was no significant difference

between the external and internal focus condition (see Fig. 2,

Fig. 2. EMG root mean square errors (RMSE) of the internal and exter-
nal focus groups for the four muscle groups (FCR=flexor carpi radialis,
BB= biceps brachii, TB= triceps brachii, D = deltoid).

right), F (1, 13) < 1. Also, there were no significant effects
of block, F (1, 13) = 2.00, p> .05, or trial, F (1, 13) = 2.76,
p> .05, or any interaction effects.

3. Discussion

While there is considerable evidence that focusing on the
movement effect (i.e., adopting an external focus of atten-
tion) is more effective for motor performance and learning
than focusing on one’s movements (i.e., adopting an internal
focus), this evidence comes almost exclusively from studies
using performance outcome measures [25]. The only study
that examined external versus internal focus differences at a
neurophysiological level was the study by Vance et al. [16].
Yet, the task used by Vance and colleagues (biceps curls) had
no measurable movement outcome in terms of movement
accuracy. Thus, the degree of goal achievement as a func-
tion of attentional focus could not be determined. In addition,
under the internal focus condition, participants’ attentionwas
directed to the muscle group (m. biceps) that was the main
agonist for that task. The present study followed up on the
Vance et al. study and sought to extend those findings. In
contrast to Vance et al., we used a task that had a clearly
defined goal, so that external focus advantages in move-
ment outcome could (hopefully) be replicated. In addition,
wemeasured EMG activity in various muscle groups, includ-
ing ones that participants were not specifically instructed to
focus on.
The present results confirm and extend previous findings.

First, the greater movement accuracy (i.e., higher scores)
in free throw shooting seen under the external relative to
the internal focus condition is in line with previous studies
showing external focus advantages in movement outcome
[15,18–21]; for a review, see ref. [25]. Many of those previ-
ous studies used learning designs, where different groups of
participants practiced a task under either internal or external
focus conditions (or control conditions), and where learning
was assessed in retention or transfer tests. In contrast, the
present study used a within-participant design, in which all
participants performed under both internal and external focus
conditions; see also refs. [9,16,24]. The fact that attentional
focus effects occur not only in learning studies, but evenwhen
within-participant designs are used (and despite the fact that
participants had task-related experience), suggests that the
type of focus has relatively strong and immediate effect on
performance.
Importantly, the greater movement accuracy seen under

the external focus condition was accompanied by reduced
EMG activity in the shooting arm, compared to the inter-
nal focus condition. Even though there was no significant
attentional focus difference in EMG activity for flexor carpi
radialis or deltoid, biceps and triceps activities were signifi-
cantly lower when participants focused externally. As partic-
ipants were instructed to focus their attention on the flexion
of their wrist under the internal focus condition, one might

Zachry,	Brain	Research	Bulletin,	2005
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Fig. 1. Average free throw accuracy scores of the internal and external focus
groups.
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“Proximal stability, for distal 
mobility”

Behandeling

Kibleret  al, Sports Med, 2006



Voluntary muscle control

Lower	trapezius:	Holterman	et	al,		J	Electromyography	&	Kinesiology,	2009	
Serratus	anterior:	Holterman	et	al,		J	Electromyography	&	Kinesiology,	2010
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Br J Sports Med, 2010
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2013

Conscious Control
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Cools et al,



adapted	from	Myers	et	al,	J	Athl	Train,	2005

Escamilla, et al, Sports Med, 2009

Progressie:

- Thrower’s 10 Wilk et al., JOSPT, 2010

- Escamilla et al., Sports Med, 2009

- Reinold et al., JOSPT, 2009 



Afbeeldingen: Reinold et al, JOSPT, 2009
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EMG tijdens training



Santos	et	al,	Manuscript	Submitted,	2015
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Lange Termijn

EMG parameters


Korte Termijn 

1 studie

Worsley	et	al,	J	Elbow	Shoulder	Surg,	2013

Holterman,	J	Electromyography	&	Kinesiology,	2009

Santos	et	al,	Manuscript	Submitted,	2015

De	Mey	et	al,	AJSM,	2012

Holterman,	J	Electromyography	&	Kinesiology,	2010

Huang	et	al,	J	Electromyography	&	Kinesiology,	2013



Functie Pijn

4 studies

Lange Termijn

Korte Termijn 

1 studie

Worsley	et	al,	J	Elbow	Shoulder	Surg,	2013

Santos	et	al,	Manuscript	Submitted,	2015

Santos	et	al,	Manuscript	Submitted,	2014

Struyf	et	al,	Clin	Rheumatology,	2013
De	Mey	et	al,	AJSM,	2012

Scapulothoracale training

Huang	et	al,	J	Electromyography	&	Kinesiology,	2013
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Take	home	message		

- “fundament” voor verdere revalidatie 
- Diagnostisch Algoritme 
- oefenvormen Cools / Escamilla / Wilk / 

Reinold / Decker 
- revalidatie duur 6-8 weken


