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� 
Provider Disclaimer 

� The statements and 
opinions contained in 
this program are solely 
mine. 

� Concussion research 
presented today is my 
own.  Evaluation and 
treatment 
recommendations are 
solely based on my own 
research 

� The views expressed in 
these slides and the 
today’s discussion are 
mine 

� My views may not be the 
same as the views of my 
company’s clients or my 
colleagues 

� Participants must use 
discretion when using the 
information contained in 
this presentation 



� 
1.  Discuss the various roles of the scapula in regards to 

glenohumeral joint motion and control 
2.  Discuss dynamic muscle control of scapula rotation 
3.  Discuss various causes of Scapular Dyskinesis 
4.  Discuss proper evaluation techniques for the 

scapular dysfunction 
5.  Discuss various evidence based treatment 

techniques for scapular stability. 

Learning Objectives 



� 

� “Acquired knowledge needs regular REVIEW, so it 
remains clear to us” Unknown Author 

Deep Thoughts to Start 



� 
�  Finding demonstrate that scapular dysfunction is found in as 

many: 
�  68% of patients with rotator cuff pathology,  
�  94% with labral tears,  
�  100% with glenohumeral instability 

�  (Warner 1992, Paletta 1997, Burkhart 2000) 

By the Numbers 



� 
Work below the Surface 



� 
1.  Scapular dysfunction 
2.  Intrinsic glenohumeral 

pathology 
�  Capsulolabral structures 

3.  Extrinsic musculature 
�  Rotator cuff 

4.  Neurovascular structures 

What can Cause shoulder 
PAIN? 



� 
�  Provide motion along the thoracic wall 
�  The scapula retracts (externally rotates), facilitating a 

cocking position 
�  Important in baseball, tennis serve, swimming, and 

volleyball spike 
�  Creates a stable base for an arm that is abducted or elevated 

during ADLs such as reaching, pushing, or pulling. 
�  The scapula protracts laterally (internally rotates), during 

acceleration phase of throwing 
�  Dissipates some deceleration forces that occur in the follow 

through 

Roles of the Scapula 

Kibler, et al 
2003 



� 
Roles of the Scapula 

� Elevation of the 
acromion 
�  Occurs during arm 

elevation 

� Clearing of the 
acromion decreases 
risk of rotator cuff 
impingement 

Kibler, et al 
2003 



� 
� Kinetic chain: 

�  Various muscle activation patterns stabilize the scapula 
and allow increased control of upper arm movement 

�  Scapula assists in transferring large forces of high energy 
from the lower extremities, back, and trunk to the arm 
and hand. 

�  Thus allowing increased velocity that could not be 
achieved by the arm musculature alone (ie. Rotator cuff). 

�  Absorbs high loads from distal-to-proximal with long 
lever arms when upper extremity are abducted or 
elevated. 

Roles of the Scapula 

Kibler, et al 
2003 



� 
� Alterations in Shoulder Kinematics and Associated 

Muscle Activity in People with Symptoms of Shoulder 
Impingement 
�  Analyze GHJ and scapulothoracic kinematics associated 

with scapulothoracic muscle activity with patients with 
shoulder impingement 

�  52 subjects 
�  EMG sensors tracked 3-demensional rotation of trunk, 

scapula and humerus 
�  Findings: Impingement group had decreased scapular 

upward rotation, increased anterior tipping, and decreased 
Serratus anterior muscle activity 

�  Ludewig, 2000 

Shoulder Kinematics 



� 
�  Serratus Anterior Muscle 

�  Maintains the medial border of the 
scapula against the ribs 

�  Contraction: upward rotation and 
protraction of the scapula 

�  Upward rotation of scapula is 
necessary for full humeral 
abduction and forward elevation 

�  Serratus Anterior and Trapezius 
co-contraction are necessary for 
complete scapula upward rotation 
with dynamic control. 

Muscle Functions 

Pratt, 1991 



� 

� Trapezius Muscle 
� Upper, Middle, Lower 
� All three together act as 

strong adductors of the 
scapula 

� Upper and Lower co-
contraction produce 
upward rotation of the 
scapula 

Muscle Functions 

Pratt, 1991 



� 
Muscle Functions 

�  Subscapularis Muscle 
�  Medial rotator of humerus 

� Supraspinatus Muscle 
�  Initial abduction of the 

humerus 
�  Assist deltoid 
�  Hold humeral head 

down during full 
abduction ROM 

Pratt, 1991 

Rotator Cuff 
Origins of the cuff muscle arise from the scapula 

  S  Infraspinatus Muscle and 
Teres Minor Muscle 

S  Externally rotate humerus 



� 
Muscle Functions 



� 
Proximal before Distal 



� 
No Stability 



� 
� “Observable alterations in the 

position of the scapula and the 
patterns of scapular motion in 
relation to the thoracic cage” 

� Kibler et al, 2003 

Scapular Dyskinesis 



� 
� S: Scapular malposition 
� I: Inferior medial border 

prominence 
� C: Coracoid pain and 

malposition 
� K: DysKinesis of scapular 

movement 

 S.I.C.K Scapula 

Burkhar et al, 2003 



� 
Case Study 



� 

Causes of Scapular 
Dyskinesis 

Bony Posture or Injury 

�  Thoracic kyphosis with increased cervical lordosis 
�  Result of excessive scapula protraction and acromial depression 
�  Increase risk of impingement 

�  Fractures of the clavicle 
�  Acromioclavicular (AC) joint injuries, instabilities, arthosis 

Kibler, et al 
2003 



� 

Causes of Scapular 
Dyskinesis 

Muscle Alterations 
Primary cause is alteration in muscle coordination during 
activation, thus poor scapular stabilization. 

 
�  Muscle Injury Causes 

�  Nerve 
�  Injury to Long Thoracic Nerve (serratus anterior) 
�  Injury to Spinal Accessory Nerve (trapezius muscle) 

�  Direct-blow or trauma 
�  Microtrauma (strain) leading to muscle weakness 
�  Fatigued secondary to repetitive use 
�  Inhibited by painful conditions surrounding the shoulder* 

�  Tendonitis, tendonopathy, bursitis 

Kibler, et al 
2003 



� 

Causes of Scapular 
Dyskinesis 

Muscle Alterations 
�  Muscle Inhibition: 

�  Serratus anterior and lower trapezius muscle most susceptible to 
effect of inhibition. 

�  Exact nature of the inhibition is still not clear 
�  What we know:  

�  Pain, muscle injury, fatigue, and or muscle strain have been 
shown to alter proprioceptive input form Golgi tendon organs 
and muscle spindles. 

Kibler, et al 
2003 



� 

Causes of Scapular 
Dyskinesis 

Flexibility Issues 
�  Pectoralis Minor tightness  

�  Attach to coracoid process 
�  Create anterior tilt and forward pull of scapula 

�  Lack of full Internal Rotation at the glenohumeral joint 
�  Capsular or muscle tightness 
�  Create excessive amount of protraction 

�  During follow thorough with throwing or serving 
�  During arm elevation with worker 

Kibler, et al 
2003 



� 
� Type I 

�  Visual prominence of the inferior medial scapular border 

� Type II 
�  Visual prominence of the entire medial scapular border  

� Type III 
�  Superior Translation of the entire scapula and visual 

prominence of the superior medial scapular border 

� Type IV 
�  Normal 

Classifications of Scapular 
Dyskinesis 

Kibler, et al 
2003 



� 

Classifications of Scapular 
Dyskinesis 

Kibler, et al 
2003 
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motion of the scapula.  Tightness in
the pectoralis minor or in the short
head of the biceps, both of which
attach to the coracoid process, can
create an anterior tilt and forward
pull on the scapula.  Lack of full
internal rotation of the glenohumer-
al joint, caused by capsular or mus-
cular tightness, affects the normal
motion of the scapulothoracic artic-
ulation.6,23-25 This creates a Cwind
upD effect so that the glenoid and
scapula are pulled in a forward infe-
rior direction by the moving rotat-
ing arm.6 This can create an exces-
sive amount of protraction of the
scapula on the thorax as the arm
continues into an adducted position
in follow-through during throwing
or into forward arm elevation in
working.  Because of the ellipsoid
geometry of the upper portion of the
thorax, the scapula moves dispropor-
tionately anteriorly and inferiorly
around the thorax with more scapu-
lar protraction.9,26

Classification of Scapular
Dyskinesis 

Three-dimensional biomechanical
analysis of possible scapular mo-
tions shows that the scapula moves
around three axes of motion simul-
taneously.6,11 Patterns of abnormal

motion in scapular dyskinesis are
best observed by first determining
the position of the scapula with the
patientJs arms at rest at the side,
then by observing the scapular
motion as the arms are elevated and
lowered in the scapular plane.
These dyskinetic patterns fall into
three categories, which correspond
to the three planes of motion on the
ellipsoid thorax.27 This system can
help identify the type of abnormal
scapular motion and thus the re-
habilitation required by muscle
strengthening and restoration of
flexibility.  Type I (Fig. 2, A) is char-
acterized by prominence of the infe-
rior medial scapular border.  This
motion is primarily abnormal rota-
tion around a transverse axis.  Type

II (Fig. 2, B) is characterized by
prominence of the entire medial
scapular border and represents
abnormal rotation around a vertical
axis.  Type III (Fig. 3) is character-
ized by superior translation of the
entire scapula and prominence of
the superior medial scapular bor-
der.  The net effect of the scapular
dyskinetic patterns is an adverse
effect on the normal role of the
scapula in shoulder function.28

Effects of Scapular
Dyskinesis

Loss of Retraction/Protraction
Control

Lack of full scapular retraction
causes loss of the stable cocking
point in throwing or loss of the sta-
ble base in arm elevation.3 Lack of
full scapular protraction around the
thoracic wall increases the decelera-
tion forces in the shoulder joint5,29

and causes changes in the normal
safe zone relationship between the
glenoid and humerus as the arm
moves through the acceleration
phase.3,4,7 Too much protraction be-
cause of tightness in either the joint
capsule or the anterior coracoid
muscles will cause impingement as
the scapula rotates down and for-
ward.8,9,16,17,24,25

Loss of protraction control also
creates functional anteversion of

A B

Figure 3 A, Type III dyskinesis, with prominence of the superior medial border (left
scapula).  B, Scapular superior translation on the thorax.

Figure 2 A, Type I dyskinesis, with inferior medial border prominence (left scapula). 
B, Type II dyskinesis, with prominence of the entire medial border (left scapula).

A B
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A B

Type I Type II Type III 



� 
Winging Scapula 



� 
� Loss of Retraction Control 

�  Loss of stable base (foundation) in arm elevation 
� Loss of Protraction Control 

�  Increases deceleration forces in the glenohumeral joint 
� Too much Protraction 

�  Caused by tightness of joint capsule or anterior musculature 
increases risk of impingement 

� Loss of Elevation Control 
� Loss of Kinetic Chain Function 

�  Forces generated from the trunk and lower extremity will 
not be effectively transmitted to the upper extremity 

Effects of Scapular 
Dyskinesis 

Kibler, et al 
2003 



� 
Evaluation 

Correct 
Diagnosis 

Observation 

ROM Strength 

Special Tests 



� 
Observation 



� 
� Static posture 

� Lumbar, thoracic, cervical 

� Scapular position 
� Elevation, winging, rotation 

� Dynamic shoulder/scapular motion 
� Compare bilaterally 

Observation 

Kibler, et al 
2003 



� 
Posture 

Poor Good 

Cervical 
extension 

Thoracic 
flexion 

Posterior 
Tilt 

Cervical 
retraction
/flexion 

Thoracic 
extension 

Anterior 
Tilt 



� 
Observation 



� 
Diagnosis ??? 



� 
�  Symptoms: 

�  Facial muscle weakness (eyelid drooping, inability to whistle, 
decreased facial expression, depressed or angry facial 
expression, difficulty pronouncing the letters M, B, and P) 

�  Shoulder weakness (difficulty working with the arms raised, 
sloping shoulder) 

�  Hearing loss 
�  Abnormal heart rhythm 
�  Unequal weakening of the biceps, triceps, deltoids, and lower 

arm muscles 
�  Loss of strength in abdominal muscles (causing a protuberant 

abdomen and lumbar lordosis) and eventual progression to the 
legs 

Facioscapulohumeral Muscular Dystrophy 



� 
�  EMG analysis of the scapular muscles during a shoulder 

rehabilitation program 
�  Moseley et al, AM J. Sports Medicine, 20 (2): 128-134, 1992 
�  Purpose: determine which exercises most effectively use the 

scapular muscles 
�  8 muscles in 9 subjects 

�  Upper, Middle, Lower Trapezius, Levator Scapula,Rhomboids, 
Pectoralis Minor, and Middle/lower Serratus Anterior 

�  Which exercises generated most muscle contraction strength? 
�  50% max or better 

Treatment 
Evidence Based Practice 



� 
� EMG analysis of the scapular muscles during a 

shoulder rehabilitation program 
�  Moseley et al, AM J. Sports Medicine, 20 (2): 128-134, 1992 

�  4 exercises identified as a “core scapular strengthening 
program” 
1.  Scaption (scapular plane elevation) 
2.  Rowing 
3.  Push-up with a plus 
4.  Press up 

Treatment 
Evidence Based Practice 



� 

� Scaption (scapular plane 
elevation) 

Core Scapular 
Strengthening Program 

Moseley et al, 
1992 



Core Scapular 
Strengthening Program 

� Rows 

Moseley et al, 
1992 



Core Scapular 
Strengthening Program 

� Push-up with a plus 

Moseley et al, 
1992 



� 
� Press up 

Core Scapular 
Strengthening Program 
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Serratus Anterior

The outer superior borders of first 7–10 ribs and the 
intercostal muscles are the point of origin for the ser-
ratus anterior muscle, and the lower medial scapula 

border is the insertion. The serratus anterior forms an 
important force couple with the trapezius muscles that 
allows upward rotation of the scapula—a motion critical 
for overhead movements. Decker et al.2 demonstrated 
that several exercises sufficiently activated the serratus 
anterior; these included the forward punch (Figure 5), 
scaption (Figure 1), dynamic hug (Figure 6), and push-
ups plus (Figure 3). Ekstrom et al.3 agreed that the push-
up plus was a very high-level serratus exercise. They 
also found that the combined glenohumeral motions of 
flexion, adduction, and external rotation (Figure 7), as 
well as glenohumeral abduction to 125º in the plane of 
the scapula (Figure 8) and glenohumeral flexion to 125º 
with protraction, elicited high levels of EMG activity.

Trapezius Muscles

The trapezius is a very broad triangular muscle origi-
nating from the occiput to the lower thoracic spine. It 
inserts on the clavicle, the acromion, and the spine of 
the scapula. The upper and lower trapezius and the 
serratus anterior are thought to be the primary upward 
scapular rotators during overhead motions.4 Ekstrom 
et al.5 evaluated EMG trapezius muscle activity and 
found that the unilateral shoulder-shrug exercise pro-
duced the greatest EMG activity in the upper trapezius, 
whereas shoulder horizontal abduction with external 
rotation and the prone overhead arm raise in line 
with the lower trapezius muscle activated the middle 
trapezius to the fullest extent (Figure 9). The prone 
overhead arm raise in line with the lower trapezius 
fibers activated the lower trapezius the most.

Rhomboid Muscles

The rhomboid muscles are a set of muscles that lie on 
the posterior thorax, originate on the thoracic spine, 

 Scapular-plane elevation (thumb up).

 Rowing exercise.

 Push-up with a plus.

 Press-up.

Moseley et al, 
1992 



� 
� Serratus anterior muscle activity 

during selected rehabilitation 
exercises 
�  Decker et al, 1999 

� Exercises for Serratus Anterior 
1.  Dynamic Hug 
2.  Push up Plus (Elkstrom et al, 

2004)  
3.  Forward punch 
4.  Scaption (above 120 degrees) 

�  Ekstrom et al, 2003 

Serratus Anterior 

Manske, 2006 



� 
� Ekstrom et al, 2003 
� Serratus anterior 

punch performed at 
120 degrees flexion 

Serratus Anterior 

Reinold et al, 2009 
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pectoralis minor to protract the scapula
and with the upper and lower trapezius
to upwardly rotate the scapula. The ser-
ratus anterior is an important muscle be-
cause it contributes to all components of
normal 3-D scapular movements during
arm elevation, which includes upward
rotation, posterior tilt, and external ro-
tation.52,58 The serratus anterior is also
important in athletics, such as during
overhead throwing, to accelerate the
scapula during the acceleration phase of
throwing. The serratus anterior also helps
stabilize the medial border and inferior
angle of the scapula, preventing scapular
IR (winging) and anterior tilt.

Several exercises elicit high serratus
anterior activity, such as D1 and D2 di-
agonal PNF pattern flexion, D2 diagonal
PNF pattern extension, supine scapular
protraction, supine upward scapular
punch, military press, push-up plus, gle-
nohumeral IR and ER at 90° abduction,
and shoulder flexion, abduction, and

scaption with ER above 120°.16,20,32,62,63

Serratus anterior activity tends to increase
in a somewhat linear fashion with arm el-
evation.2,20,29,52,62 However, increasing arm
elevation increases subacromial impinge-
ment risk,15,71 and arm elevation at lower
abduction angles also generates relatively
high serratus anterior activity.20

It is interesting that performing
shoulder IR and ER at 90° of abduction
generates relatively high serratus ante-
rior activity, because these exercises are
usually thought to primarily work rotator
cuff muscles.20,63 However, during IR and
ER at 90° abduction the serratus ante-
rior helps stabilize the scapula. It should
be noted that the rotator cuff muscles
also act to move the scapula (where they
originate) in addition to the humerus.
For example, the force exerted by the su-
praspinatus at the supraspinous fossa has
the ability to downwardly rotate the scap-
ula if this force is not counterbalanced by
the scapulothoracic musculature.

Not surprising is high serratus ante-
rior activity generated during a push-up
exercise. When performing the stan-
dard push-up, push-up on knees, and
wall push-up, serratus anterior activity
is greater when full scapular protrac-

tion occurs after the elbows fully extend
(push-up plus).53 Moreover, serratus
anterior activity was lowest in the wall
push-up plus, exhibited moderate activi-
ty during the push-up plus on knees, and
relatively high activity during the stan-
dard push-up plus.16,53 Compared to the
standard push-up, performing a push-
up plus with the feet elevated produced
significantly greater serratus anterior
activity.47 These findings demonstrate
that serratus anterior activity increases
as the positional (gravitational) chal-
lenge increases.

Decker et al16 compared several com-
mon exercises designed to recruit the ser-
ratus anterior. The authors identified that
the 3 exercises that produced the great-
est serratus anterior EMG signal were the
push-up with a plus, dynamic hug (
4), and punch exercises (similar to a jab-
bing protraction motion).

Ekstrom20 also looked at the activity
of the serratus anterior during common
exercises. His data indicated that the
serratus anterior is more active when
performing a movement that simultane-
ously creates scapular upward rotation
and protraction, as with the serratus an-
terior punch performed at 120° of abduc-

Dynamic hug exercise for the serratus
anterior begins with the elbows in approximately 45°
of flexion, the shoulder abducted 60° and internally
rotated 45° (A). The humerus is then horizontally
adducted by following an arc movement similar to
a hugging action, until full shoulder protraction is
reached (B).

Bilateral serratus anterior punch to 120° abduction begins with hands by the side (A) before extending
elbows and elevating shoulders up to 120° of elevation and full protraction (B).

Jo
ur

na
l o

f O
rth

op
ae

di
c 

&
 S

po
rts

 P
hy

sic
al

 T
he

ra
py

®
 

 D
ow

nl
oa

de
d 

fro
m

 w
w

w
.jo

sp
t.o

rg
 a

t o
n 

M
ar

ch
 8

, 2
01

4.
 F

or
 p

er
so

na
l u

se
 o

nl
y.

 N
o 

ot
he

r u
se

s w
ith

ou
t p

er
m

iss
io

n.
 

 C
op

yr
ig

ht
 ©

 2
00

9 
Jo

ur
na

l o
f O

rth
op

ae
di

c 
&

 S
po

rts
 P

hy
sic

al
 T

he
ra

py
®

. A
ll 

rig
ht

s r
es

er
ve

d.



� 
Trapezius 

� Surface EMG Analysis of Exercises for the 
Trapezius and Serratus Anterior Muscle 
� Elkstrom et al, 2003 

� Scapular upward rotation 58 to 65 degrees 
� Glenohumeral motion ranged from 103 to 112.5 

degrees during full shoulder elevation 



� 
Trapezius 

�  Upper Trapezius 
�  Unilateral shoulder shrug 

�  Middle Trapezius 
�  Prone arm raise overhead 
�  Shoulder horizontal 

extension with ER 
�  Lower Trapezius 

�  Prone arm raise overhead 
�  Prone ER at 90 degrees Abd 
�  Press ups 
�  Bilateral shoulder ER 
�  Scapular depression 

FIGURE 1. Unilateral shoulder shrug in the standing position.

FIGURE 2. Unilateral row in the prone position.

For the middle trapezius, the electrodes were
placed parallel to the muscle fibers between the spine
of the scapula and thoracic spine. One electrode was
placed medial and 1 lateral to a point 3 cm lateral to
the second thoracic spinous process.10 For the lower
trapezius, the shoulder was positioned in 90° of
flexion and the electrodes were placed on an oblique
vertical angle with 1 electrode superior and 1 inferior

FIGURE 3. Arm raise above the head with the upper extremity in
line with the lower trapezius muscle fibers in the prone position.

FIGURE 4. Shoulder horizontal extension with external rotation in
the prone position.

to a point 5 cm inferomedial from the root of the
spine of the scapula.10 For the serratus anterior, the
shoulder was abducted to 90° and the electrodes were
placed vertically along the midaxillar y line at rib
levels 6 through 8.6 A common reference electrode
was placed over the C7 spinous process.
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FIGURE 1. Unilateral shoulder shrug in the standing position.

FIGURE 2. Unilateral row in the prone position.

For the middle trapezius, the electrodes were
placed parallel to the muscle fibers between the spine
of the scapula and thoracic spine. One electrode was
placed medial and 1 lateral to a point 3 cm lateral to
the second thoracic spinous process.10 For the lower
trapezius, the shoulder was positioned in 90° of
flexion and the electrodes were placed on an oblique
vertical angle with 1 electrode superior and 1 inferior

FIGURE 3. Arm raise above the head with the upper extremity in
line with the lower trapezius muscle fibers in the prone position.

FIGURE 4. Shoulder horizontal extension with external rotation in
the prone position.

to a point 5 cm inferomedial from the root of the
spine of the scapula.10 For the serratus anterior, the
shoulder was abducted to 90° and the electrodes were
placed vertically along the midaxillar y line at rib
levels 6 through 8.6 A common reference electrode
was placed over the C7 spinous process.
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FIGURE 5. Shoulder external rotation with the shoulder abducted
90° and the elbow flexed 90° in the prone position with the elbow
supported on the table.

FIGURE 6. Shoulder abduction in the plane of the scapula above
120° in the standing position.

All sites for electrode placements were prepared by
abrading the skin with fine sandpaper and cleansing
the area with 70% isopropyl alcohol. Shaving of hair
was performed if necessar y. The electrode pairs were
then applied with a center-to-center interelectrode
distance of 30 mm. The skin impedance was checked

FIGURE 7. Diagonal exercise with a combination of shoulder
flexion, horizontal flexion, and external rotation in the sitting
position.

FIGURE 8. Shoulder abduction in the plane of the scapula below
80° in the standing position.

with an ohm meter attached to the snap of each
electrode pair and was acceptable for the study if less
than 5000 !.10
For normalization of the EMG data, muscle-testing

positions as outlined for the trapezius and serratus
anterior muscles by Kendall et al,24 as well as 5 other
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� Set the scapula 
� Set the Scapula 
� Set the Scapula 
� Retraction of scapula (set) before exercise 

Proper Scapular Position 



� 
Y,   T,   I 



� 
Y, T, W 
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� 
� The manual muscle examination for rotator cuff 

strength, an EMG investigation 
� Kelly et al, 1996 
� Scaption with Thumb up (full can position) generates 

most activity of supraspinatus 

� Reinold et al, 2002, Blackburn et al, 1990, and 
Worrell et al, 1992 
� Prone horizontal abduction, elbow extended, and 

GHJ ER, Abd to 100 degrees 

Supraspinatus 

Manske, 2006 



� 
� Scapular Kinematics during supraspinatus 

rehabilitation exercise. A comparison of full-can 
versus empty-can techniques. 
� Thigpen et al, 2006 

� Increased amount of scapular anterior tilting and IR  
� Empty-can 

� Not appropriate for impingement related conditions 
� Full-can more appropriate to activate supraspinatus 

Supraspinatus 
“Empty-Can” 

Manske, 2006 



� 
� Subscapularis muscle activity during selected 

rehabilitation exercises. 
� Decker et al, 2003 

1.  Dynamic Hug 
2.  Push-up plus 
3.  IR with arm at side 
4.  IR with arm ABD 40 degrees 

Subscapularis 

Manske, 2006 



� 
� Current Concepts in the Scientific and Clinical 

Rationale Behind Exercises for the Glenohumeral 
and Scapulothoracic Musculature.*** 
� Reinold et al,2009 

� “Diagonal IR Exercise” 

Subscapularis 
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clock, depression, elevation, protraction,
and retraction movements.17,33,44,63,75,79

The subscapularis also generates
an abduction torque during arm eleva-
tion.50,65 From 3-D biomechanical shoul-
der models, predicted subscapularis force
during maximum effort scapular plane
abduction at 90° was 283 N, approxi-
mately 2.5 times the predicted force for
the supraspinatus in this position.34 This
was similar to that of the infraspinatus,
highlighting the theoretical force couple
that the 2 muscles provide to center the
humeral head within the glenoid fossa
during abduction. Liu et al50 reported
that in scapular plane abduction with
neutral rotation the subscapularis had a
peak abductor moment arm of 1 cm at 0°
abduction, which slowly decreased to 0
cm at 60° abduction. Moreover, the ab-
ductor moment arm of the subscapularis
generally decreased as abduction was per-
formed with greater shoulder IR,50 such
as performing the empty can exercise. In
contrast, the abductor moment arm of
the subscapularis generally increased as
abduction was performed with greater
shoulder ER, similar to performing the
full can exercise.

Otis et al65 reported that the superior,
middle, and inferior heads of the sub-

scapularis all have an abductor moment
arm (greatest for the superior head and
least for the inferior head) that varies as a
function of humeral rotation. The lengths
of the moment arm for the 3 muscle heads
are approximately 0.4 to 2.2 cm at 45° of
ER, 0.4 to 1.4 cm in neutral rotation, and
0.4 to 0.5 cm at 45° of IR. These data sug-
gest that the subscapularis is most effec-
tive as a scapular plane abductor with the
shoulder in ER and least effective with
the shoulder in IR. Therefore, the simul-
taneous activation of the subscapularis
and infraspinatus during arm elevation
generates both an abductor moment and
an inferiorly directed force to the humer-
al head to resist superior humeral head
translation.74 In addition, a simultane-
ous activation neutralizes the IR and ER
torques these muscles generate, further
enhancing joint stability.

DELTOID

The deltoid plays an important
role in shoulder biomechanics and
during glenohumeral and scapu-

lothoracic exercises. Extensive research
has been conducted on deltoid activity
during upper extremity weight-lifting
exercises, such as bench press, dumb-

bell flys, military press, and push-
ups.4,13,16,19,44,57,63,79,81,83

The abductor moment arm is ap-
proximately 0 cm for the anterior del-
toid and 1.4 cm for the middle deltoid
when the shoulder is in 0° abduction
and neutral rotation in the scapular
plane.50,65 The magnitude of these mo-
ment arms progressively increases with
shoulder abduction, such that, by 60°
of abduction, they are approximately
1.5 to 2 cm for the anterior deltoid and
2.7 to 3.2 cm for the middle deltoid.
From 0° to 40°of abduction the moment
arms for the anterior and middle del-
toids are less than the moment arms for
the supraspinatus, subscapularis, and
infraspinatus.50,65 These data suggest
that the anterior and middle deltoid
are not effective shoulder abductors at
low abduction angles and the shoulder
in neutral rotation, especially the ante-
rior deltoid. This is in contrast to the
supraspinatus and to a lesser extent the
infraspinatus and subscapularis, which
are more effective shoulder abductors
at low abduction angles. These biome-
chanical data are consistent with EMG
data, in which anterior and middle del-
toid activity generally peaks between
60° to 90° of abduction in the scapular
plane, while supraspinatus, infraspina-
tus, and subscapularis activity generally
peaks between 30° and 60° of shoulder
abduction in the scapular plane.1

The abductor moment arm for the
anterior deltoid changes considerably
with humeral rotation, increasing with
ER and decreasing with IR.50 At 60° ER
and 0° abduction, a position similar to
the beginning of the full can exercise, the
anterior deltoid moment arm is 1.5 cm
(compared to 0 cm in neutral rotation),
which makes the anterior deltoid an ef-
fective abductor even at small abduction
angles.50 By 60° abduction with ER, its
moment arm increased to approximately
2.5 cm (compared to approximately 1.5
to 2 cm in neutral rotation).50 In con-
trast, at 60° IR at 0° abduction, a po-
sition similar to the beginning of the
empty can exercise, its moment arm was

Diagnonal exercise for the subscapularis begins in shoulder external rotation at 90° abduction in the
coronal plane (A) and internal rotation and horizontal adduction are performed simultaneously (B), similar to a
tennis swing.
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� 
� EMG activity of selected shoulder muscles in 

commonly used therapeutic exercises, Ballantyne et 
al, 1993 

� EMG analysis of the rotator cuff and deltoid 
musculature during common shoulder external 
rotation exercises, Reinold et al, 2004 

1.  Side-lying ER 
2.  Standing ER at 40 degrees 

Infraspinatus and  
Teres Minor 

Manske, 2006 
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did not reach levels greater than 20% for the lower 
subscapularis for internal rotation with arm abducted 
to 90° or the forward-punch exercise. The two exer-
cises that activated the upper and lower portions to a 
greater level more consistently were the push-up plus 
(Figure 3) and the diagonal-adduction/internal-rotation 
exercise.

The infraspinatus and teres minor arise from the con-
cave posterior surface of the scapula and, along with 
the subscapularis, form an important force couple in 
the shoulder to maintain glenohumeral stability during 
overhead motions. This function is very critical during 
the throwing motion, when joint distraction forces 
approximate full body weight at the glenohumeral 
joint.20 Therefore, strengthening these muscles is 
critical to have a normally functioning shoulder. The 
highest EMG activity in the infraspinatus was recorded 
by Ballantyne et al.,21 and Reinold et al.22 while partici-
pants performed side-lying external-rotation exercise 
(Figure 10).

 2. Decker MJ, Hintermeister RA, Faber KJ, et al. Serratus anterior muscle 
activity during selected rehabilitation exercises. Am J Sports Med. 
1999;27(6):784-791.
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 Side-lying external rotation.

Both the scapulothoracic- and scapulohumeral-muscle 
complexes are critical to a fully functional and asymp-
tomatic shoulder. Strengthening exercises for these 
essential muscle groups should not be done in a 
random pattern, without careful thought and con-
sideration. There appears to be sufficient evidence 
from the literature to help clinicians develop a specific 
structured treatment approach to address deficits in 
each muscle group.

 1. Moseley JB, Jobe FW, Pink M, et al. EMG analysis of the scapular 
muscles during a shoulder rehabilitation program. Am J Sports Med. 
1992;20:128-134.



� 
� McCabe et al, 2007 
� Bilateral ER at 0° 

Abduction 

Infraspinatus and Lower 
Trapezius 
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reported during D2 diagonal PNF pat-
tern flexion and extension, standing
shoulder ER at 0° and 90° abduction,
standing shoulder IR at 90° abduction,
standing shoulder extension from 90°
to 0°, prone shoulder horizontal abduc-
tion at 90° abduction with IR, scapular
abduction, abduction, and shoulder flex-
ion above 120° with ER, prone rowing,
and standing high, mid, and low scapu-
lar rows.62,63 Relatively high rhomboids
and levator scapulae activity has been
reported with scapular abduction above
120° with ER, prone horizontal abduc-
tion at 90° abduction with ER and IR,
prone rowing, and prone extension at
90° flexion.62 Therefore, the prone ex-
tension exercise may be performed in
addition to many of the previously men-
tioned exercises for other scapulotho-
racic muscles. Other specific exercises
to activate the rhomboids and levator
scapulae muscles are not often neces-
sary to perform.

The preceding review can be used
to identify appropriate rehabilitation
exercises for specific muscles. Based

on the reported studies and the collective
experience of the authors, we recommend
that exercises should be selected based on
the appropriate anatomical, biomechani-
cal, and clinical implications. We have
identified a set of exercises that the cur-
rent authors use clinically for rehabilita-
tion and injury prevention (TABLE). These
exercises have been selected based on the
results of the numerous studies previous-
ly cited and take into consideration these
implications for each exercise described.
Furthermore, the authors encourage the
clinician to carefully consider emphasiz-
ing posture and scapular retraction dur-
ing the performance of glenohumeral and
scapulothoracic exercises.

A common recommendation in reha-
bilitation is to limit the amount of weight
used during glenohumeral and scapu-
lothoracic exercises to assure that the ap-
propriate muscles are being utilized and
not larger compensatory muscles. Two
recent studies have analyzed this theory
and appear to prove the recommenda-
tion inaccurate and not necessary. Alpert
et al7 studied the rotator cuff and deltoid
muscles during scapular plane elevation
and noted that EMG signal amplitude
of the smaller rotator cuff muscles and
larger deltoid muscles increased linearly
in relation to the amount of weight used.
This finding is consistent with that of
Dark et al,14 who showed similar results
for the rotator cuff, deltoid, pectoralis,
and latissimus dorsi during ER and IR
at 0° abduction. Thus, it appears that
larger muscle groups do not overpower
smaller groups, such as the rotator cuff.
Weight selection should be based on the
individual goals and performance of each
patient. It does not appear necessary to
limit the amount of weight performed
during these rotator cuff exercises.

As our understanding of the anatomi-
cal and biomechanical implications asso-
ciated with exercise selection continues

to grow, we are seeing advances in exer-
cise selection and the integration of the
whole-body kinetic-chain approach to
strengthening and rehabilitating injuries.
This may involve strengthening multiple
joints simultaneously and during move-
ment patterns that mimic athletic and
functional daily activities of living. The
authors often employ these techniques
when our patients improve in strength
yet continue to have symptoms during
activities. In addition, we often attempt
to further challenge our patients by per-
forming many of the recommended exer-
cise on various unstable surfaces (such as
foam or physioballs), with altered bases
of support (such as sitting, standing, or
single-leg balancing), in an attempt to
recruit whole-body muscle patterns that
interact together to perform active range
of motion while stabilizing other areas of
the body. We believe that these concepts
are important to consider in addition to
straight-plane, isolated movements of
specific muscle groups, and that strength,
posture, balance, and neuromuscular
control are all vital components to any
injury prevention of rehabilitation pro-
gram. Future research on the validity of
these techniques is needed to justify their
use. We believe that this is the next step
in the evolution of research on the clini-
cal and biomechanical implications of
exercise selection for the glenohumeral
and scapulothoracic musculature.

Athorough understanding of
the biomechanical factors as-
sociated with normal shoulder

movement, as well as during commonly
performed exercises, is necessary to
safely and effectively design appropriate
programs. We have reviewed the normal
biomechanics of the glenohumeral and
scapulothoracic muscles during func-
tional activities, common exercises, and
in the presence of pathology. These find-
ings can be used by the clinician to design
appropriate rehabilitation and injury
prevention programs.

Bilateral external rotation for infraspinatus
and lower trapezius strengthening involves grasping
exercise tubing with both hands and externally
rotating. Emphasis should be placed on providing
scapular retraction and posterior tilting.
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� 
How Many? 



� 
�  Efficient dynamic stabilization and neuromuscular control of 

the GHJ is essential for the overhead athlete to avoid INJURY. 
�  Reactive, functional, and sport specific positions 
�  Neuromuscular Control 

1.  Rhythmic stabilization 
2.  Reactive neuromuscular control drills 
3.  Closed kinetic chain 

�  Stress joint in load bearing position 
4.  Plyometric exercises 

�  Quick, powerful movements by a prestretch of the muscle, 
activate stretch shortening cycle 

Dynamic Stabilization 
Neuromuscular Control 

Reinold et al, 2010 



� 
Rhythmic Stabilization 

108

passively moves the upper extremity in the planes of flexion, 
ER, and IR; pauses; and then returns the extremity to the 
starting position. The patient is then instructed to actively 
reposition the upper extremity to the previous location. The 
rehabilitation specialist may perform these joint-repositioning 
activities throughout the available range of motion.

Basic closed kinetic chain exercises are also performed 
during the acute phase. Exercises are initially performed below 
shoulder level. The athlete may perform weight shifts in the 
anterior/posterior and medial/lateral directions. Rhythmic 
stabilizations may also be performed during weight shifting. 
As the athlete progresses, a medium-sized ball may be placed 
on the table and weight shifts may be performed on the ball. 
Load-bearing exercises can be advanced from the table to the 
quadruped position (Figure 7).

Modalities such as ice, high-voltage stimulation, iontophoresis, 
ultrasound, and nonsteroidal anti-inflammatory medications 
may be employed as needed to control pain and inflammation. 
Iontophoresis may be particularly helpful in reducing pain and 
inflammation during this phase of rehabilitation.

The intermediate phase begins once the athlete has regained 
near-normal passive motion and sufficient shoulder strength 
balance. Lower extremity, core, and trunk strength and 
stability are critical to efficiently perform overhead activities 
by transferring and dissipating forces in a coordinated fashion. 
Therefore, full lower extremity strengthening and core 
stabilization activities are performed during the intermediate 
phase. Emphasis is placed on regaining proprioception, 
kinesthesia, and dynamic stabilization throughout the athlete’s 

full range of motion, particularly at end range. For the injured 
athlete midseason, it is common to begin in the intermediate 
phase or at least progress to this phase within the first few 
days following injury. The goals of the intermediate phase 
are to enhance functional dynamic stability, reestablish 
neuromuscular control, restore muscular strength and balance, 
and regain full range of motion for throwing.

During this phase, the rehabilitation program progresses to 
aggressive isotonic strengthening activities with emphasis on 
restoration of muscle balance. Selective muscle activation is also 
used to restore muscle balance and symmetry. The shoulder 
external rotator muscles and scapular retractor, protractor, 
and depressor muscles are isolated through a fundamental 
exercise program for the overhead thrower.48,70-72 This exercise 
program is based on the collective information derived from 
electromyographic research of numerous investigators.¶ These 
patients frequently exhibit ER weakness and benefit from side 
lying ER and prone rowing into ER. Both exercises elicit high 
levels of muscular activity in the posterior cuff muscles.52

Drills performed in the acute phase may be progressed to 
include stabilization at end ranges of motion with the patient’s 
eyes closed. Rhythmic stabilization exercises are performed 
during the early part of the intermediate phase. Proprioceptive 
neuromuscular facilitation exercises are performed in the athlete’s 
available range of motion and so progress to include full arcs of 
motion. Rhythmic stabilizations may be incorporated in various 
degrees of elevation during the proprioceptive neuromuscular 
facilitation patterns to promote dynamic stabilization.

Manual-resistance ER is also performed during the 
intermediate phase. By applying manual resistance during 
specific exercises, the rehabilitation specialist can vary the 
amount of resistance throughout the range of motion and 
incorporate concentric and eccentric contractions, as well as 
rhythmic stabilizations at end range (Figure 8). As the athlete 

Figure 6. Rhythmic stabilization drills for flexion and extension 
with the arm elevated to 100° of flexion in the scapular plane.

Figure 7. Rhythmic stabilization drills for the throwing shoulder 
while weightbearing in the quadruped position.

¶ References 6, 13, 41, 48, 50, 52, 66, 74
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passively moves the upper extremity in the planes of flexion, 
ER, and IR; pauses; and then returns the extremity to the 
starting position. The patient is then instructed to actively 
reposition the upper extremity to the previous location. The 
rehabilitation specialist may perform these joint-repositioning 
activities throughout the available range of motion.

Basic closed kinetic chain exercises are also performed 
during the acute phase. Exercises are initially performed below 
shoulder level. The athlete may perform weight shifts in the 
anterior/posterior and medial/lateral directions. Rhythmic 
stabilizations may also be performed during weight shifting. 
As the athlete progresses, a medium-sized ball may be placed 
on the table and weight shifts may be performed on the ball. 
Load-bearing exercises can be advanced from the table to the 
quadruped position (Figure 7).

Modalities such as ice, high-voltage stimulation, iontophoresis, 
ultrasound, and nonsteroidal anti-inflammatory medications 
may be employed as needed to control pain and inflammation. 
Iontophoresis may be particularly helpful in reducing pain and 
inflammation during this phase of rehabilitation.

The intermediate phase begins once the athlete has regained 
near-normal passive motion and sufficient shoulder strength 
balance. Lower extremity, core, and trunk strength and 
stability are critical to efficiently perform overhead activities 
by transferring and dissipating forces in a coordinated fashion. 
Therefore, full lower extremity strengthening and core 
stabilization activities are performed during the intermediate 
phase. Emphasis is placed on regaining proprioception, 
kinesthesia, and dynamic stabilization throughout the athlete’s 

full range of motion, particularly at end range. For the injured 
athlete midseason, it is common to begin in the intermediate 
phase or at least progress to this phase within the first few 
days following injury. The goals of the intermediate phase 
are to enhance functional dynamic stability, reestablish 
neuromuscular control, restore muscular strength and balance, 
and regain full range of motion for throwing.

During this phase, the rehabilitation program progresses to 
aggressive isotonic strengthening activities with emphasis on 
restoration of muscle balance. Selective muscle activation is also 
used to restore muscle balance and symmetry. The shoulder 
external rotator muscles and scapular retractor, protractor, 
and depressor muscles are isolated through a fundamental 
exercise program for the overhead thrower.48,70-72 This exercise 
program is based on the collective information derived from 
electromyographic research of numerous investigators.¶ These 
patients frequently exhibit ER weakness and benefit from side 
lying ER and prone rowing into ER. Both exercises elicit high 
levels of muscular activity in the posterior cuff muscles.52

Drills performed in the acute phase may be progressed to 
include stabilization at end ranges of motion with the patient’s 
eyes closed. Rhythmic stabilization exercises are performed 
during the early part of the intermediate phase. Proprioceptive 
neuromuscular facilitation exercises are performed in the athlete’s 
available range of motion and so progress to include full arcs of 
motion. Rhythmic stabilizations may be incorporated in various 
degrees of elevation during the proprioceptive neuromuscular 
facilitation patterns to promote dynamic stabilization.

Manual-resistance ER is also performed during the 
intermediate phase. By applying manual resistance during 
specific exercises, the rehabilitation specialist can vary the 
amount of resistance throughout the range of motion and 
incorporate concentric and eccentric contractions, as well as 
rhythmic stabilizations at end range (Figure 8). As the athlete 

Figure 6. Rhythmic stabilization drills for flexion and extension 
with the arm elevated to 100° of flexion in the scapular plane.

Figure 7. Rhythmic stabilization drills for the throwing shoulder 
while weightbearing in the quadruped position.

¶ References 6, 13, 41, 48, 50, 52, 66, 74
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Rhythmic 
Stabilization 

110

Plyometrics for the upper extremity may be initiated during 
this phase to train the upper extremity to dissipate forces. 
The chest pass, overhead throw, and alternating side-to-
side throw with a 3- to 5-lb (1.6- to 2.3-kg) medicine ball are 
initially performed with 2 hands. Two-hand drills progress to 
1-hand drills over 10 to 14 days. One-hand plyometrics include 
baseball-style throws in the 90/90 position (90° of abduction 
and 90° of ER) with a 2-lb (0.9-kg) ball, deceleration flips 
(Figure 13), and stationary and semicircle wall dribbles. Wall 
dribbles progress to the 90/90 position. They are beneficial for 
upper extremity endurance while overhead.
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regains strength and neuromuscular control, ER and IR with 
tubing may be performed at 90° of abduction.

Scapular strengthening and neuromuscular control are also 
critical to regaining full dynamic stability of the glenohumeral 
joint. Isotonic exercises for the scapulothoracic joint are added, 
along with manual-resistance prone rowing. Neuromuscular 
control drills and proprioceptive neuromuscular facilitation 
patterns may also be applied to the scapula (Figures 9 and 10).

Closed kinetic chain exercises are advanced during the 
intermediate phase. Weight shifting on a ball progresses to 
a push-up on a ball or an unstable surface on a table top. 
Rhythmic stabilizations of the upper extremity, uninvolved 
shoulder, and trunk are performed with the rehabilitation 
specialist (Figure 11). Wall stabilization drills can be performed 
with the athlete’s hand on a small ball (Figure 12). Additional 
axial compression exercises include table and quadruped, 
using a towel around the hand, slide board, or unstable 
surface.

The third phase of the rehabilitation program prepares the 
athlete to return to athletic activity. Criteria to enter this phase 
include minimal pain and tenderness, full range of motion, 
symmetrical capsular mobility, good strength (at least 4/5 on 
manual muscle testing), upper extremity and scapulothoracic 
endurance, and sufficient dynamic stabilization.

Full motion and posterior muscle flexibility should be 
maintained throughout this phase. Exercises such as IR and 
ER with exercise tubing at 90° of abduction progress to 
incorporate eccentric and high-speed contractions.

Aggressive strengthening of the upper body may also be 
initiated depending on the needs of the individual patient. 
Common exercises include isotonic weight machine bench 
press, seated row, and latissimus dorsi pull-downs within a 
restricted range of motion. During bench press and seated row, 
the athlete should not extend the arms beyond the plane of the 

body, to minimize stress on the shoulder capsule. Latissimus 
pull-downs are performed in front of the head while the 
athlete avoids full extension of the arms to minimize traction 
force on the upper extremities.

Figure 8. Manual-resistance side-lying external rotation with 
end-range rhythmic stabilizations.

Figure 9. Arm elevation against a wall, with the patient 
isometrically holding a light-resistance band into external 
rotation to facilitate posterior rotator cuff and scapular 
stabilization during scapular elevation and posterior tilting.

Figure 10. Arm-extension wall slides to facilitate proper 
scapular retraction and posterior tilting.
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Plyometrics for the upper extremity may be initiated during 
this phase to train the upper extremity to dissipate forces. 
The chest pass, overhead throw, and alternating side-to-
side throw with a 3- to 5-lb (1.6- to 2.3-kg) medicine ball are 
initially performed with 2 hands. Two-hand drills progress to 
1-hand drills over 10 to 14 days. One-hand plyometrics include 
baseball-style throws in the 90/90 position (90° of abduction 
and 90° of ER) with a 2-lb (0.9-kg) ball, deceleration flips 
(Figure 13), and stationary and semicircle wall dribbles. Wall 
dribbles progress to the 90/90 position. They are beneficial for 
upper extremity endurance while overhead.

Dynamic stabilization and neuromuscular control drills 
should be reactive, functional, and in sport-specific positions. 

Figure 11. Transitioning weightbearing rhythmic stabilization 
exercises to nonweightbearing positions simulating the 
landing (A), arm-cocking (B), and ball-release (C) phases of the 
throwing motion.

Figure 12. Rhythmic stabilization drills in the 90° abducted 
and 90° external rotation position on an unstable surface in 
the closed kinetic chain position against the wall.

Figure 13. Plyometric deceleration ball flips. The patient 
catches the ball over the shoulder and decelerates the arm 
(similar to the throwing motion) before flipping back and 
returning to the starting position.

•  Chest pass 
•  Overhead throw 
•  Alternating side 

to side throw 
•  Wall dribbles 
•  Deceleration ball 

flips 
•  S/L or prone ball 

flips 

Reinold et al, 2010 
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EMG signal in the supraspinatus muscles
compared to the empty can position.

Also during this second rehabilitation
phase, the overhead throwing athlete
is instructed to perform strengthening
exercises for the lumbopelvic region,
including the abdomen and lower back
musculature. Plus, the athlete should
perform lower extremity strengthening
and participate in a running program,
including jogging and sprinting. Upper
extremity stretching exercises are con-
tinued as needed to maintain soft tissue
flexibility.

In phase 3, the advanced strengthening
phase, the goals are to initiate aggressive
strengthening drills, enhance power and
endurance, perform functional drills,
and gradually initiate throwing activities.
During this phase, the athlete performs
the Thrower’s Ten exercise program,
continues manual resistance stabiliza-

tion drills, and initiates plyometric drills.
Dynamic stabilization drills are also
performed to enhance proprioception
and neuromuscular control. These drills
include specific stabilization techniques
that employ the concept of perturbations
and range stability. These drills include
rhythmic stabilization exercise drills by
throwing a ball against the wall (
10), push-ups onto a ball, and tubing ER
with end range manual resistance (

). Many of the stabilization
exercises may be performed on a physiob-
all. The authors believe that performing
these exercises improves dynamic stabili-
zation and increases muscular demands
( ). Plyometric training
may be used to enhance dynamic stabili-
ty, enhance proprioception, and gradually
increase the functional stresses placed on
the shoulder joint.

Plyometric exercises employ 3 phas-
es, all intended to use the elastic reac-
tive properties of muscle to generate
maximal force production.16,22,25 The first
phase is the eccentric phase, where a
rapid prestretch is applied to the muscu-
lotendinous unit, stimulating the muscle
spindle. The second phase is the amorti-
zation phase, representing the time be-
tween eccentric and concentric phases.
This time should be as short as possible
so that the beneficial neurologic effects of
prestretch are not lost. The final phase is
the resultant concentric action. Wilk et
al111-112,114 established a plyometric exer-
cise program for the overhead thrower.
The initial plyometric program consists
of 2-handed exercise drills such as chest
passes, overhead soccer throws, side-to-
side throws, and side-throws. The goal of
the plyometric drills is to transfer energy
from the lower extremities and trunk to
the upper extremity. Once these 2-handed
exercise drills are mastered, the athlete is
progressed to 1-handed drills. These drills
include standing 1-handed throws in a
functional throwing position, wall drib-
bling, and plyometric step-and-throws.
Swanik et al97 reported that a 6-week
plyometric training program resulted in
enhanced joint position sense, enhanced

kinesthesia, and decreased time to peak
torque generation during isokinetic test-
ing. Fortun et al44 noted improved shoul-
der IR power and throwing distances
after 8 weeks of plyometric training in
comparison with conventional isotonic
training.

Additionally, muscular endurance
exercises should be emphasized for the
overhead thrower. Lyman et al68 docu-
mented that the overhead athlete is at
greater risk for shoulder or elbow injuries
when pitching when fatigued. Recently,
Murray et al79 documented the effects of
fatigue on the entire body during pitch-
ing using kinematic and kinetic motion
analysis. Once the thrower was fatigued,
shoulder ER decreased and ball velocity
diminished, as did lead lower extrem-
ity knee flexion and shoulder adduction
torque. Voight et al103 documented a re-
lationship between muscle fatigue and
diminished proprioception. Chen et al24

demonstrated that once the rotator cuff

Ball throw into wall. The patient throws
a 2-pound (0.9 kg) Plyoball (Functional Integrated
Technologies, Watsonville, CA) against the wall at end
range of external rotation (late cocking).

Seated external rotation on a physioball
with single-leg support. Resisted external rotation
is performed with exercise tubing. To enhance the
demands on the shoulder stabilizers, a rhythmic
stabilization technique may be performed.

Neuromuscular dynamic stabilization
exercise: exercise tubing resisting shoulder external
rotation with manual resistance at end range.

Scapular horizontal abduction performed
on a physioball. This exercise is performed to
enhance scapular muscle activity and core stability.
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including the abdomen and lower back
musculature. Plus, the athlete should
perform lower extremity strengthening
and participate in a running program,
including jogging and sprinting. Upper
extremity stretching exercises are con-
tinued as needed to maintain soft tissue
flexibility.

In phase 3, the advanced strengthening
phase, the goals are to initiate aggressive
strengthening drills, enhance power and
endurance, perform functional drills,
and gradually initiate throwing activities.
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the Thrower’s Ten exercise program,
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all. The authors believe that performing
these exercises improves dynamic stabili-
zation and increases muscular demands
( ). Plyometric training
may be used to enhance dynamic stabili-
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increase the functional stresses placed on
the shoulder joint.

Plyometric exercises employ 3 phas-
es, all intended to use the elastic reac-
tive properties of muscle to generate
maximal force production.16,22,25 The first
phase is the eccentric phase, where a
rapid prestretch is applied to the muscu-
lotendinous unit, stimulating the muscle
spindle. The second phase is the amorti-
zation phase, representing the time be-
tween eccentric and concentric phases.
This time should be as short as possible
so that the beneficial neurologic effects of
prestretch are not lost. The final phase is
the resultant concentric action. Wilk et
al111-112,114 established a plyometric exer-
cise program for the overhead thrower.
The initial plyometric program consists
of 2-handed exercise drills such as chest
passes, overhead soccer throws, side-to-
side throws, and side-throws. The goal of
the plyometric drills is to transfer energy
from the lower extremities and trunk to
the upper extremity. Once these 2-handed
exercise drills are mastered, the athlete is
progressed to 1-handed drills. These drills
include standing 1-handed throws in a
functional throwing position, wall drib-
bling, and plyometric step-and-throws.
Swanik et al97 reported that a 6-week
plyometric training program resulted in
enhanced joint position sense, enhanced

kinesthesia, and decreased time to peak
torque generation during isokinetic test-
ing. Fortun et al44 noted improved shoul-
der IR power and throwing distances
after 8 weeks of plyometric training in
comparison with conventional isotonic
training.

Additionally, muscular endurance
exercises should be emphasized for the
overhead thrower. Lyman et al68 docu-
mented that the overhead athlete is at
greater risk for shoulder or elbow injuries
when pitching when fatigued. Recently,
Murray et al79 documented the effects of
fatigue on the entire body during pitch-
ing using kinematic and kinetic motion
analysis. Once the thrower was fatigued,
shoulder ER decreased and ball velocity
diminished, as did lead lower extrem-
ity knee flexion and shoulder adduction
torque. Voight et al103 documented a re-
lationship between muscle fatigue and
diminished proprioception. Chen et al24

demonstrated that once the rotator cuff

Ball throw into wall. The patient throws
a 2-pound (0.9 kg) Plyoball (Functional Integrated
Technologies, Watsonville, CA) against the wall at end
range of external rotation (late cocking).

Seated external rotation on a physioball
with single-leg support. Resisted external rotation
is performed with exercise tubing. To enhance the
demands on the shoulder stabilizers, a rhythmic
stabilization technique may be performed.

Neuromuscular dynamic stabilization
exercise: exercise tubing resisting shoulder external
rotation with manual resistance at end range.

Scapular horizontal abduction performed
on a physioball. This exercise is performed to
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Imbalance in 
Strength 

Poor 
Endurance 

Decreased 
Stability Fatigue 

Abnormal 
Arthrokinetmatics 

Joint 
Compensation 



� 
Scapular Assistance Test 

�  Evaluates scapular and acromial 
involvement in subacromial 
impingement 

�  Manually stabilizing the scapula 
and rotating the inferior border 
of the scapula as the humerus 
forward elevates 

�  This test simulates the Serratus 
Anterior and Lower Trapezius 
muscle function of upward 
rotation. 

�  Positive Test: Reduction or 
elimination of impingement 
symptoms 

Kibler, et al 
2003 

Scapular Dyskinesis and Its Relation to Shoulder Pain

Journal of the American Academy of Orthopaedic Surgeons146

the glenoid, decreasing the normal
bony buttress to anterior translation.
This may increase the shear stresses
on the rest of the anterior stabilizing
structures;the labrum and gleno-
humeral ligaments;thus increasing
the risk of shear injury or strain.30

Posteriorly, this anteversion increas-
es the degree of impingement
between the posterior superior gle-
noid and posterior rotator cuff23 by
moving the posterior aspect of the
glenoid closer to the externally
rotated and horizontally abducted
arm.

Loss of Elevation Control
Loss of ability to elevate the acro-

mion can be a secondary source of
impingement in other shoulder prob-
lems, such as glenohumeral instabil-
ity.9,21,23,31 The serratus anterior and
especially the lower trapezius ap-
pear to be the first muscles involved
in inhibition-based muscle dysfunc-
tion.4,11 Lack of acromial elevation
and consequent secondary impinge-
ment can be seen early in many
shoulder problems, such as rotator
cuff tendinitis and glenohumeral
instability. This can play a role in 
the development of further symp-
toms.9,10,22

Loss of Kinetic Chain Function
One of the most important ab-

normalities in scapular biomechan-
ics is the loss of the link function in
the kinetic chain.  If scapular motion
is impaired, the forces generated
from the lower extremity and trunk
will not be effectively transmitted to
the upper extremity.

Evaluation

Scapular evaluation should include
distant contributions to normal
scapular function and dyskinesis.
Similarly, dynamic evaluation of
motion, muscular activation, and
corrective maneuvers should be
done.

Leg and trunk muscle activity is
important12,15,29 in shoulder and
arm throwing, serving, and lifting
activities and as a major source of
facilitation of scapular muscle acti-
vation.26 Lumbar lordosis, pelvic
tilt, and hip rotational abnormalities
should be checked.

Thoracic and cervical posture
should be evaluated because in-
creased thoracic kyphosis or scolio-
sis may have a direct effect on the
motion of the scapula by creating an
abnormal surface contour for scapu-
lar motion.  Excessive cervical lordo-
sis may indicate posterior cervical
muscle or fascia tightness or anterior
clavicular fascia tightness, which can
affect scapular retraction and pro-
traction.

The evaluation of the scapula
itself should be done mainly from
the posterior aspect (Figs. 4-6).
Scapular position may be evaluated
in several ways.  Abnormalities of
winging, elevation, or rotation may
first be examined in the resting posi-

tion.  In long-standing scapular
dyskinesis, resting winging may be
seen.  Pure serratus anterior muscle
weakness resulting from nerve palsy
will create a prominent superior
medial border and depressed acro-
mion, whereas pure trapezius mus-
cle weakness resulting from nerve
palsy will create a protracted inferi-
or border and elevated acromion.20

There may be pain to palpation
over the anterior shoulder at the
coracoid tip, secondary to adaptive
tightness and scar in the pectoralis
minor muscle and the short head of
the biceps.  In addition, the superior
or entire medial border may be
painful to palpation or with motion
because of similar tightness or scar
in the levator scapulae or lower
trapezius insertions, or both.  Finally,
there may be trigger points, areas of
tenderness in the body of the upper
trapezius muscle.

Motion and position should be
examined in both the elevating and
lowering phases of motion.  Muscle

A B

Figure 4 Scapular assistance test.  The examiner assists serratus anterior and lower
trapezius muscle activity as the arm is elevated.  Relief of impingement symptoms is a pos-
itive test.  A, ExaminerUs right hand position at start of test.  B, Assisted scapular rotation
with arm elevation.



� 
Scapular Retraction Test 

�  Manual stabilization of the 
scapula in a retracted 
position on the scapula 

�  Stabilize medial border of 
scapula during humeral 
flexion or ER 

�  Provides stable foundation 
for rotator cuff 

�  Positive Test: Improved 
rotator cuff strength during 
manual stabilization  

W. Ben Kibler, MD, and John McMullen, ATC

Vol 11, No 2, March/April 2003 147

weakness and mild scapular dyski-
nesis are more common in the lower-
ing phase of arm movement.  These
commonly present as a hitch or a
jump in the otherwise smooth mo-
tion of the scapula or scapular bor-
der and may be more noticeable with
several repetitions of the motion.

An effective maneuver for evalu-
ating scapular muscle strength is an
isometric pinch of the scapulas in
retraction.  Scapular muscle weak-
ness may manifest as a burning pain
in less than 15 seconds, whereas the
scapula normally may be held in
this position for 15 to 20 seconds
without burning pain or muscle
weakness.  Wall push-ups are effec-
tive for evaluating serratus anterior
muscle strength.  Abnormalities of
scapular winging may be noted
with 5 to 10 wall push-ups.

The scapular assistance test (Fig. 4)
evaluates scapular and acromial 
involvement in subacromial impinge-
ment.  In a patient with impinge-
ment symptoms with forward ele-

vation or abduction, assistance for
scapular elevation is provided by
manually stabilizing the scapula
and rotating the inferior border of
the scapula as the arm moves.  This
procedure simulates the force-couple
activity of the serratus anterior and
lower trapezius muscles.  Elimina-
tion or modification of the impinge-
ment symptoms indicates that these
muscles should be a major focus in
rehabilitation.

The scapular retraction test (Fig. 5)
involves manually stabilizing the
scapula in a retracted position on
the thorax.  This position confers a
stable base of origin for the rotator
cuff and often will improve tested
rotator cuff strength. (That is, the
apparent strength generated by iso-
lated rotator cuff strength testing
often improves by retesting in the
scapula-retracted position.) The
scapular retraction test also fre-
quently demonstrates scapular and
glenoid involvement in internal im-
pingement lesions.26 The positive
posterior labral findings on modi-
fied Jobe relocation testing will be
decreased with scapular retraction
and removal of the glenoid from the
excessively protracted impingement
position.

Quantitative measurement of
scapular stabilizer strength can be

achieved by the lateral scapular slide
test.28 This semidynamic test evalu-
ates three positions of the scapula on
injured and noninjured sides in rela-
tion to a fixed point on the spine as
varying amounts of loads are put on
the supporting musculature.  These
positions offer a graded challenge to
the functioning of the shoulder mus-
cles to stabilize the scapula.  The first
position is with the arms relaxed at
the sides (Fig. 6, A).  In this position,
the inferior-medial angle of the
scapula is palpated and marked on
both the injured and noninjured
sides.  The reference point on the
spine is the nearest spinous process,
which is marked with an X.  The
measurements from the reference
point on the spine to the medial bor-
der of the scapula are measured on
both sides.  The second position is
with the hands on the hips, the fin-
gers anterior and the thumb poste-
rior with approximately 10° of
shoulder extension.  The new posi-
tion of the inferomedial border of
the scapula is marked, and the refer-
ence point on the spine is main-
tained.  The distances once again are
calculated on both sides.  The same
protocol is done for the third posi-
tion, with the arms at or below 90°
of arm elevation with maximal inter-
nal rotation at the glenohumeral

Figure 5 Scapular retraction test.  The
examiner stabilizes the medial scapular
border as the arm is elevated or externally
rotated.  Relief of impingement symptoms
is a positive test.

A B

Figure 6 Lateral scapular slide.  A, Position 1: arms at rest at sides.  B, Position 3: arms
abducted at or below 90° with maximal internal rotation.

Kibler, et al 
2003 



� 

Lateral Scapular Slide 
Test 

�  Quantitative measurement 
�  Measures distance from inferior angle of scapula to nearest 

vertebral spinous process 
�  Asymmetry of greater than 1.5cm is threshold for abnormality 
�  Most commonly seen in position three 

�  Three positions of scapula and compared bilaterally 
�  Arms relaxed at side 
�  Hands on hips, fingers are anterior and thumb is posterior, with 

slight shoulder extension 
�  Arms at 90 degrees of elevation in scapular plane with IR of the 

glenohumeral joint (thumbs down) 

Curtis et al, 2006 



� 

Lateral Scapular Slide 
Test 

Curtis et al, 2006 



� 
�  Supine on ½ foam roll (6 inch) 
� Lay for 1 minute, take deep 

breaths 
� Observe bilateral anterior 

acromion 
� Positive test: symptomatic 

side acromion will be elevated 
� Possible Pectoralis Minor 

tightness 

Anterior Tilt Test 





� 
Posture Shirts 

� Not for EVERYONE 
� Not a Brace 
� Just a friendly reminder 

to retract shoulders 
� Performance and 

fatigue in baseball 
pitchers using 
Intelliskin compression 
shirt (Shepard et al) 



� 
Free Video Apps 



� 



� 

� Scapula is the Foundation of the shoulder 
� RTC muscles originate from scapula 
� RTC can’t stabilize efficiently on a unstable 

foundation 
� Remember: If you can’t see it, you can’t fix it…. 
� Observation is essential in proper diagnosis. 
� Be creative with exercises 

Conclusion 



� 
Thank You 



� 
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