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describe current examination techniques for identifying pos-
sible scapular pathology, and (4) describe intervention tech-
niques for scapular pathology including enhancing muscle 
performance, stretching, bracing, and taping. 

  Normal Scapular Motion 
 The basic anatomy of the shoulder girdle and the scapular 
muscles is covered in  Chapter 4 ; therefore, this section will 
focus on describing scapular motion and the primary muscles 
and other factors controlling this motion. The terminology 
used to describe scapular motion is quite varied in the litera-
ture and no defi nitive standard has emerged, but we have 
promoted using scapular and clavicular angles to accurately 
describe scapular orientation and position, respectively. 
Three scapular rotations are typically used to describe scapu-
lar orientation,  1,2   and these are depicted in  Figure 93-1A – C   . 
Upward/downward rotation of the scapula occurs around 
an axis that is perpendicular to the plane of the scapula. 
Anterior/posterior tilting (sometimes called tipping  1  ) occurs 
around an axis through the spine of the scapula. Posterior 
tilting involves the inferior angle of the scapula moving ante-
riorly and the superior border moving posteriorly. Internal/
external rotation occurs around a vertically oriented axis, and 
external rotation involves the lateral border of the scapula 
moving away from the thorax. More precise biomechanical 
defi nitions of these axis systems are available in original 
sources.  3   

 Scapular position on the thorax has been described in 
various ways using terms that correspond to superior-inferior 
or medio-lateral translation of the scapula from its normal 
resting position between the second and seventh ribs. 
However, because the clavicle acts as a strut, the scapula 

      CRITICAL POINTS  

       �      It is only in recent years that specifi c tests have been 
developed to assess the function of the scapula. The 
measurement properties of these tests are still being 
investigated.  

   �      The scapula should be assessed with most upper 
quarter conditions, and the examination should include 
the scapula dyskinesis test, modifi ed scapula assistance 
test, scapula reposition test, pectoralis minor length, 
thoracic kyphosis/fl exibility, fl exibility of posterior capsule 
of the glenohumeral joint, and muscle performance 
testing for the primary scapular stabilizers: lower 
trapezius, middle trapezius, and serratus anterior.  

   �      One key principle in designing a scapular exercise 
program is to match the diffi culty of the exercise with 
the patient ’ s level of motor control and strength. It is 
important to observe the patient posteriorly during an 
exercise to assure that he or she is able to maintain 
good scapular control.         

 Scapular dysfunction is a common clinical problem, and 
proper scapular motion and stability is considered to be 
crucial to normal function of the shoulder. The scapula is 
required to serve as a stable base for glenohumeral function 
but is also required to move through a substantial arc of 
motion. This motion is required to maintain optimal muscle 
length-tension relationships and glenohumeral joint align-
ment and stability during elevation of the arm. 

 The goals of this chapter are to: (1) describe normal and 
abnormal motion of the scapula, (2) discuss the relationship 
between scapular dyskinesis and shoulder pathology, (3) 

    SPECIFIC NERVE INJURIES    
    EXAMINATION    
    TREATMENT    
    SUMMARY      
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  Figure 93-1      Scapular and clavicular rotations used to describe motion.  A,  Scapular upward/downward rotation.  B,  Scapular anterior/posterior tilting. 
 C,  Scapular internal/external rotation.  D,  Clavicular protraction/retraction.  E,  Clavicular elevation/depression.    
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remains at a fi xed medio-lateral position relative to the thorax 
(assuming an intact acromioclavicular joint and clavicle). 
Therefore, the rotational motion of the clavicle around the 
sternoclavicular joint into protraction/retraction and eleva-
tion/depression can be used to describe scapular position in 
two degrees of freedom.  4   The description of scapular position 
using these two clavicular angles can be likened to the iden-
tifi cation of a point on the earth using two angles, longitude 
and latitude.  4   As shown in  Figure 93-1D and E , clavicular 
elevation and depression occur around an anterior-posterior 
axis through the sternoclavicular joint, and clavicular pro-
traction and retraction occur around a vertical axis through 
the sternoclavicular joint. Therefore, the motions of  “ scapu-
lar elevation or depression ”  and  “ scapular protraction or 
retraction ”  really occur in conjunction with corresponding 
rotary motions at the sternoclavicular joint. 

 During elevation of the arm there is a consistent pattern 
of scapular upward rotation, posterior tilting, and external 
rotation, along with clavicular elevation and retraction. 
 Figure 93-2    shows the normal pattern for each of these 
motions in healthy subjects derived using a sensor attached 
directly to the scapula via bone pins during arm raising and 
lowering in the scapular plane. This fi gure shows each of the 
scapular and clavicular rotations separately with humerotho-
racic motion plotted along the x-axis. 

 As evidenced by  Figure 93-2A , scapular upward rotation, 
there is a much greater contribution from the glenohumeral 
joint than the scapulothoracic joint in the early phase of 
elevation. After 90 degrees of arm elevation, the contribution 
from the glenohumeral joint and the scapulothoracic joint 
become almost equal. Scapular upward rotation is controlled 
primarily by a force couple between the upper and lower 
trapezius and the serratus anterior.  5,6   

 Posterior tilting ( Fig. 93-2B ) and external rotation ( Fig. 
93-2C ) motions are nonlinear, with the majority of these 
motions not occurring until after 90 degrees of arm elevation. 
While specifi c muscle activity associated with these motions 
has not been demonstrated directly, the lower fi bers of the 
serratus anterior and lower trapezius are positioned to 
produce posterior tilting and the middle trapezius is posi-
tioned to produce external rotation. Weakness in these 
muscles following nerve injury has been clearly associated 
with scapular winging, which is attributable to excessive 
anterior tilting and scapular internal rotation.  7   

 The clavicular retraction ( Fig. 93-2D ) observed suggests 
that the superior aspect of the scapula normally moves pos-
teriorly during arm elevation while the scapula also moves 
superiorly as represented by clavicular elevation ( Fig. 93-2E ). 
These motions are attributable to all parts of the trapezius 
muscle.  8    
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has been associated with rotator cuff pain,  9   weakness,  10,11   and 
fatigue.  12   It has also been observed with loss of glenohumeral 
motion.  13,14   Therefore, excessive or early elevation of the 
scapula is a sign of scapular compensation for a weak rotator 
cuff and/or a stiff glenohumeral joint capsule. This shrugging 
motion has been associated with increased upper trapezius 
activity.  15,16   Abnormal eccentric control of scapular rotation 

  Abnormal Scapular Motion 
(Scapular Dyskinesis) 
 A commonly observed abnormal pattern of scapular motion 
(scapular dyskinesis) is the premature or excessive scapular 
elevation that appears as  shrugging  ( Fig. 93-3   ). This pattern 

  Figure 93-2      Humerothoracic elevation (in degrees) during various scapular movements of arm elevation.  A,  Scapular upward rotation.  B,  Scapular 
posterior tilting.  C,  Scapular external rotation.  D,  Clavicle retraction.  E,  Clavicle elevation.    
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presented data suggesting that subjects with tight pectoralis 
minor muscles demonstrate greater anterior tilting and scap-
ular internal rotation.  17    

  Is Scapular Dyskinesis Related to 
Shoulder Pathology? 
 Recognition of the biomechanical role of the scapula in 
normal shoulder function has led to several clinical studies 
attempting to associate abnormal scapular motion,  “ scapular 
dyskinesis, ”  with shoulder pathology such as shoulder 
impingement  2,16,18,19,23   or instability.  20   These studies have 

  Figure 93-3      Excessive scapular elevation  “ shrugging ”  associated with 
glenohumeral weakness or stiffness.    

  Figure 93-4      Excessive and poor eccentric control of scapular down-
ward rotation on the left side during arm lowering known as  “ dumping ” .    

  Figure 93-5      Long thoracic nerve palsy and associated serratus anterior 
weakness producing scapular winging with anterior tilt and downward 
rotation on the left.    

  Figure 93-6      Pectoralis minor tightness or overactivity producing ante-
rior tilting of the scapula during arm elevation, which produces the 
appearance of winging.    

during arm lowering may also occur. The normal pattern of 
scapular downward rotation during arm lowering is shown 
in  Figure 93-2B  and is quite linear. Clinically, this should 
appear as a smooth descent of the scapula during arm lower-
ing. We have commonly observed that poor eccentric control 
of this scapular downward rotation appears as a rapid  dumping  
of the scapula instead of smooth downward rotation ( Fig. 
93-4   ). We are unaware of experimental documentation of 
this kinematic abnormality. 

 Another common form of scapular dyskinesis is  scapular 
winging  wherein either the inferior angle or medial border of 
the scapula become more prominent. Inferior angle promi-
nence would be associated with anterior tilting of the scapula, 
while medial border prominence would be associated with 
excessive scapular internal rotation. We have documented 
these motion abnormalities in our laboratory on subjects 
with long thoracic nerve injuries ( Fig. 93-5   ) affecting the 
serratus anterior muscle. Another source that may contribute 
to scapular winging is the action of the pectoralis minor 
muscle. If this muscle is tight or overactive, it has the ability 
to tilt the scapula forward, producing winging of the inferior 
angle as well as scapular depression ( Fig. 93-6   ). Borstad has 
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ally not predictive of outcome.  32   With closed injuries, recov-
ery is often spontaneous but may require up to one year. 
For patients in whom substantial weakness persists for 
longer than 6 months, procedures may be warranted. For 
more information on nerve injuries about the shoulder, see 
 Chapter 57 .  

  Examination 
 Evidence exists supporting the notion that altered scapular 
kinematics in a subset of persons may decrease the subacro-
mial space, and that either this may therefore contribute to 
subacromial impingement or the altered kinematics may be 
a compensatory mechanism for the shoulder pathology.  16,33,34   
In light of this, clinicians need to be able to identify persons 
with scapular motion abnormalities. A scapular assessment 
measure should have clinical feasibility and acceptable reli-
ability and validity. The measure should also assess dynamic, 
three-dimensional motion during concentric and eccentric 
loaded conditions, as would be present during athletics and 
occupational endeavors. Following is a description of exist-
ing clinical measures of scapular motion. 

  Two-Dimensional Tests 
  Lateral Scapula Slide Test and Modifi cations of 
Linear Tests 

 Kibler has described a measurement of scapular stability 
devised for use at static positions during arm elevation.  35,36   
The lateral scapular slide test involves taking a linear measure 
from the inferior angle of the scapula to the spinous process 
of the thoracic vertebrae and defi nes an  “ abnormality ”  thresh-
old of 1.5 cm in side-to-side linear measurement difference 
in any of three test positions: with the arms resting at the 
sides, with the hands placed on the hips, and with the arms 
actively abducted to 90 degrees and internally rotated  36   ( Fig. 
93-7A – C  online). The reported reliability of this method was 
done on the actual linear measurements, not the difference 
in linear measures between sides at the different arm posi-
tions. Although Kibler cites a study reporting intertester reli-
ability to be between 0.77 and 0.85, a replication of the 
original study found signifi cant differences between the two 
testers on all Kibler measures.  37   Odom et al.  38   reported inter-
rater intraclass correlation coeffi cients ranging from 0.52 to 
0.66 for the measurement of scapula side-to-side differences 
for subjects with shoulder dysfunction and 0.75 to 0.80 for 
subjects without shoulder impairment. The standard error of 
measures sometimes exceeded the mean value of the differ-
ence. Based on these results, the value of the difference in 
side-to-side scapular distance measurements with this tech-
nique was not found to be reliable in determining the pres-
ence and amount of scapular asymmetry.      

 Other researchers have described modifi cations of the 
lateral scapular slide in the seated position,  39   using overhead 
upper extremity positions,  40   using string to measure linear 
distance, and additionally calculating normalized scapular 
abduction (the linear distance from T3 to the inferior angle 
of the acromion divided by the scapular size).  41,42   The fi nd-
ings of these studies are inconsistent, but the use of a linear 

included several methods of capturing scapular motion 
including Moir é  topography, electromechanical digitization, 
radiographic methods, MRI, and electromagnetic tracking 
devices. Results of studies assessing three-dimensional scap-
ular motion in those with pathology have been inconsistent. 
Subjects with shoulder impingement have been found to 
demonstrate increased posterior tilting,  21,22   decreased poste-
rior tilting,  2,16,23   decreased upward rotation,  16,23   increased 
upward rotation,  18,21   increased superior translation,  2,21   and 
increased internal rotation.  16,20   In addition to the variability 
of fi ndings in these studies, the magnitude of differences 
between those with healthy shoulders and those with pathol-
ogy is typically small, in the 3 to 5 degree range, and it is 
unclear whether these differences, although statistically sig-
nifi cant, are really of clinical signifi cance. Furthermore, in a 
recent study in overhead athletes, we failed to fi nd an associa-
tion between shoulder symptoms and abnormal scapular 
motion.  24   Despite some authors claiming a strong relation-
ship between abnormal scapular motion and shoulder pathol-
ogy,  25-27   the actual research evidence supporting this assertion 
is limited. Other clinical tests predicated on altering symp-
toms with manual scapula repositioning may hold promise 
in clarifying which patients truly have scapular dysfunction 
driving their symptoms.  28-30    

  Specifi c Nerve Injuries 
 The spinal accessory and long thoracic nerves are two nerves 
commonly injured that lead to scapular muscle dysfunction, 
primary winging, and related shoulder disability. The spinal 
accessory nerve (cranial nerve XI) is derived from the ventral 
rami of C2, C3, and C4. It runs behind the sternocleidomas-
toid muscle and then emerges more superfi cially over the 
levator scapula to innervate the trapezius muscle. Due to its 
relatively superfi cial course, it is more susceptible to injury. 
Spinal accessory nerve injury has been reported to occur 
following blunt trauma, traction, lymph node biopsy in 
the posterior cervical triangle, and radical neck dissection.  31   
In the case of trapezius weakness, the shoulder appears 
depressed with the scapula translated laterally and the infe-
rior angle rotated laterally. Winging will be most apparent 
with frontal plane abduction to 90 degrees.  7   

 The long thoracic nerve originates from the ventral rami 
of the C5, C6, and C7 cervical nerves. The nerve passes 
around the middle scalene muscle then reaches the upper 
slip of the serratus anterior muscle and descends along its 
anterior surface. This nerve can be damaged from viral illness, 
repetitive trauma, stretching, or surgery. Long thoracic nerve 
injury produces weakness of the serratus anterior and results 
in primary winging most evident during sagittal plane eleva-
tion. The scapula is described as being superiorly elevated 
and medially translated, with the inferior pole medially 
rotated. 

 Friedenberg  32   retrospectively reviewed 106 patients with 
either long thoracic or spinal accessory neuropathy with a 
mean follow-up of 48 months. They found that with conser-
vative care 40/50 patients with long thoracic injury and 37/56 
patients with spinal accessory neuropathy obtained a good 
outcome. A traumatic injury mechanism was associated with 
a poorer outcome, but electrodiagnostic fi ndings were gener-
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winging, or medial border winging. Winging was operation-
ally defi ned as being able to place the fi nger under the respec-
tive location (inferior angle or medial border). Poor intertester 
reliability with  κ  coeffi cients ranging from  – 0.20 to 0.16 was 
reported for visual inspection of scapular position using this 
method, and rating occurred only with static shoulder posi-
tion with the arms by the side. 

  Classifi cation System Developed By Kibler et al. 

 Rating during active arm elevation, operational defi nitions, 
and reliability measures are provided in a visual classifi cation 
system reported by Kibler et al.,  29   who defi ne scapular dys-
kinesis as  “ the observable alterations in the position of the 
scapula and the patterns of scapular motion in relation to the 
thoracic cage. ”  They describe a system in which dyskinesis 
is categorized into three types: type I, inferior angle promi-
nence; type II, medial border prominence; type III, transla-
tion of the scapula superiorly with prominence of the superior 
medial border. These categories correspond to abnormalities 
occurring about the three scapular axes, respectively: trans-
verse, vertical, and perpendicular to the scapular plane. A 
type IV category designates normal, symmetrical scapular 
motion. A reliability study was undertaken using this system  29   
in which subjects performed frontal and scapular plane eleva-
tion while being videotaped from behind. Tapes were 
reviewed and rated by two physicians and two physical thera-
pists.  κ  coeffi cients were used to measure agreement. Inter-
rater reliability was 0.42 between the physical therapists and 
0.31 between the physicians. Intratester reliability was 0.5. 
Although these values are not high enough to support the 
use of their system as described, the authors suggest that with 
refi nement, reliable visual analysis of scapular dysfunction 
may be possible.  

  Scapula Dyskinesis Test 

 We have recently developed a visually based test to identify 
abnormal motion called the scapular dyskinesis test (SDT) 
that has demonstrated validity  24   and has satisfactory reliabil-
ity.  50   The SDT involves viewing the exposed posterior thorax 
during elevation of the upper extremities in both the sagittal 
plane (fl exion) and coronal plane (abduction) while grasping 
3- to 5-pound (1.4 – 2.3 kg) dumbbells. Motion patterns are 
rated as normal,  “ obvious, ”  or  “ subtle ”  dyskinesis using the 
operational defi nitions in  Box 93-1   . 

 To determine the reliability of this system, 142 athletes 
competing in a collegiate sport that required repetitive 
overhead activity were recruited. This population was 
chosen due to the high incidence of shoulder pathology 
reported among athletes participating in sports requiring 
overhead arm use.  51-54   Each subject performed fi ve repeti-
tions of bilateral active weighted shoulder fl exion (sagittal 
plane) and bilateral active weighted shoulder abduction 
(coronal plane) while they were videotaped from a posterior 
view. For subjects under 150 pounds (68   kg), 3-pound (1.4-
kg) weights were held. For those weighing 150 pounds 
(68   kg) or greater, 5-pound (2.3   kg) weights were held. The 
test movements were based on previous pilot studies by these 
researchers  55   and Johnson et al.  56   that found that active 
movements with resistance resulted in abnormal scapular 
motion more often than static tests in subjects with shoulder 
pathology. 

measure from the spinous process to a designated point on 
the scapula has inherent drawbacks irrespective of the reli-
ability and validity issues. First, use of only a linear horizon-
tal or oblique measure along the thorax does not address 
displacement of the scapula ’ s medial border or inferior angle 
away from the thoracic wall (winging). Additionally, in a 
study of 71 collegiate athletes who participated in one-
arm-dominant sports, 52 of the 71 subjects exhibited a dif-
ference of at least 1.5 cm on one or more of the three positions 
assessed for the lateral scapular slide test.  43   The calculated 
specifi city of 26.8% in this study questions the usefulness of 
asymmetry as an indicator of pathology. In support of this 
fi nding, Nijs et al.  44   report no association between the results 
of the lateral scapular slide and measures of pain and dis-
ability in a group of 29 patients diagnosed with a shoulder 
disorder.  

  SICK Scapula Rating Scale 

 Based on the concept of the SICK scapula (scapular malposi-
tion; inferior medial border prominence; coracoid pain and 
malposition; dyskinesis of scapular movement), linear mea-
sures of asymmetry have been described for use in throw-
ers.  26   With the arms by the side, three static measurements 
are taken: (1) infera, which is the difference between the 
vertical height of the superomedial angle of the inferior 
scapula in centimeters and that of the contralateral scapula; 
(2) lateral displacement, which is the difference of the hori-
zontal distance of superomedial scapular angle from midline 
between the inferior scapula and the contralateral scapula; 
and (3) abduction, which is the difference between scapulas 
in angular measure of the medial scapular border from a 
midsagittal plumbline using a goniometer. Based on these 
static measurements as well as subjective complaints and 
other clinical examination fi ndings, a 20-point rating scale 
has been devised for use as a measure of severity of symp-
toms. The authors acknowledge, however, that superfi cial 
landmarks have less than optimal reliability, but state that 
this scale is used as a qualitative measure of severity and 
progress assessment. A recent study performed on athletes 
performing repetitive overhead activities did support the 
assertion that static abnormalities with the arm at the side 
were associated with altered scapular kinematics found 
with dynamic movement, especially in the lower ranges of 
elevation.  28     

  Visual Schemes 
 Although several authors  45,46   recommend assessing the 
scapula visually and some even report statistics of abnormal 
scapula motion patterns,  47,48   they either do not provide oper-
ational defi nitions or fail to substantiate their assessment 
methods with reliability or validity studies. Bak and Faunl  48   
observed scapulohumeral rhythm while standing behind 
competitive swimmers who were performing repeated abduc-
tion. They defi ned scapulothoracic instability as either scapu-
lar winging or asynchronous motion, but offer no reliability 
of their assessment measures. In 2004, Bulut and colleagues  49   
reported on the reliability of rating scapular position on 29 
patients with shoulder pain. Two physical therapists rated 
scapula position as being either symmetrical or asymmetrical, 
and also described the scapula as either normal, inferior angle 
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increased rotation or destabilization of the scapula,  60   so 
we feel that repetitive motion is necessary for proper 
evaluation. 

 To determine the validity of the SDT, athletes judged 
as having either  “ normal ”  motion or  “ obvious dyskinesis ”  
underwent kinematic testing with an electromagnetic track-
ing system while performing weighted fl exion and abduction, 
and the data from both groups were compared. Signifi cant 
differences during arm elevation were found between the 
 “ normal ”  and  “ obvious dyskinesis ”  groups, with the latter 
group demonstrating less scapular upward rotation, less cla-
vicular elevation, and greater clavicular protraction. These 
alterations have previously been associated with subacromial 
impingement. The suprahumeral structures, namely the 
rotator cuff, subacromial bursa, and long head of the biceps, 
probably undergo greater compression with reduced upward 
rotation. Kamkar and colleagues  61   propose that upward rota-
tion of scapula due to the serratus anterior activity is essential 
in preventing the humeral head from impinging on the acro-
mion. The fi nding of less clavicular elevation in the dyskine-
sis group is consistent with the description of the SICK 
scapula syndrome, in which the scapula appears clinically as 
a  “ dropped ”  or lower scapula on the involved side in symp-
tomatic throwing athletes.  26   The scapulas in the dyskinesis 
group were more protracted than the normal group. Solem-
Bertoft et al.  33   found a reduction in the opening width of the 
subacromial space with the scapula in a protracted position 
compared with a retracted position using MRI. Our fi nding 
of greater protraction in those with dyskinesis may be rele-
vant to the compression of structures within the subacromial 
space. The fi nding that shoulders visually judged as having 
dyskinesis have distinct alterations in three-dimensional 
scapular motion provides validity for the use of the SDT. 

 Under clinical conditions, use of the SDT is recommended 
using the test movements of repeated fl exion and abduction, 
with the priority given to fl exion if high irritability is encoun-
tered as this motion was more likely to evoke dyskinesis. To 
use this test, active elevation to at least 90 degrees is required. 
While these authors found that weighted shoulder was more 
provocative than if done without weights, there are some 
instances wherein using weights is not feasible due to pain 
or signifi cant weakness.  

  Symptom Alteration Tests 

 The aim of symptom alteration tests is to infer that scapular 
pathology exists if an improvement in symptoms is found 
when applying manual forces to the scapula during provoca-
tion testing. The scapula assistance test described by Kibler  36   
is the application of a lateral and upward rotatory force to 
the medial border of the scapula during arm elevation to 
determine if symptoms of impingement were reduced or 
abolished. By assisting upward rotation, this test was reported 
to facilitate the action of the scapular rotators, primarily the 
serratus anterior – lower trapezius force couple, to elevate the 
arm and simultaneously assess the effect on pain. Reliability 
and validity have not been studied, but its concept provided 
the basis for further research regarding the potential identi-
fi cation of scapular pathology in those with shoulder pain. 

  Modifi ed Scapula Assistance Test.     Rabin  30   described the 
modifi ed scapula assistance test, in which posterior tilting 

 All examiners underwent standardized training via a self-
instructional PowerPoint (Microscoft Corp.) presentation 
including operational defi nitions, photographs, and embed-
ded video examples. Six raters (three separate pairs consist-
ing of two athletic trainers and two pairs of experienced 
physical therapists) independently viewed randomly selected 
videotaped athletes and rated their shoulders as having 
obvious dyskinesis, subtle dyskinesis, or normal motion 
( Fig. 93-8A,B   ) 

 We found moderate inter-rater reliability (average  κ   =  
0.54 for video raters) in classifying scapular motion patterns 
as either normal, or having subtle or obvious dyskinesis, 
which is a higher  κ  value than reported using the Kibler 
method.  29,57   Our system did not distinguish between sub-
types of dyskinesis, as we observed that the subtypes described 
in the Kibler method often occurred simultaneously. The 
SDT also included loaded tasks, which can alter scapular 
kinematics.  16,20,50-59   There is also evidence that muscular 
fatigue, which may occur with repetition, directly affects 
scapulohumeral rhythm and may result in compensatory 

 Box 93-1      Scapula Dyskinesis Test:  
 Operational Defi nitions 
and Rating Scale  

    DEFINITIONS OF TERMS 

  Normal scapulohumeral rhythm:  Scapula is stable with 
minimal motion during initial 30 to 60 degrees of 
humerothoracic elevation, then smoothly and 
continuously upwardly rotates during elevation and 
smoothly and continuously downwardly rotates during 
humeral lowering with no evidence of winging. 

  Scapular dyskinesis : Either or both of the following 
motion abnormalities 

  Dysrhythmia:  Scapula demonstrates premature or 
excessive elevation or protraction, non-smooth or 
stuttering motion during arm elevation or lowering, or 
rapid downward rotation during arm lowering. 

  Winging:  There is posterior displacement of the 
medial border and/or inferior angle of the scapula away 
from the posterior thorax.  

  SCAPULAR DYSKINESIS RATING SCALE FOR EACH 
TEST MOVEMENT 

    N  =   Normal  motion: no evidence of abnormality  
  S  =   Subtle  abnormalities: mild/questionable evidence of 

abnormality, not consistently present  
  O  =   Obvious  abnormalities: striking, clearly apparent 

abnormalities, evident on at least 3/5 trials 
(dysrhythmias or winging of 1 inch or greater 
displacement of scapula from thorax)    
 To determine the reliability of this system, 142 

athletes competing in a collegiate sport that required 
repetitive overhead activity were recruited. This 
population was chosen due to the high incidence of 
shoulder pathology reported among athletes 
participating in sports requiring overhead arm use.  52-55      
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retraction and another to measure the strength using a dyna-
mometer), which may be clinically impractical.  28    

  Scapula Reposition Test.     Smith et al.  64   found decreased ele-
vation strength with maximal scapular retraction, and these 
authors confi rmed this fi nding during pilot testing. There-
fore, we modifi ed Kibler ’ s test  63   by emphasizing posterior 
tilting and external rotation of the scapula but avoiding full 
retraction, and named it the scapula reposition test (SRT).  28   

 The effect of the SRT on elevation strength and shoulder 
impingement was studied in 142 collegiate athletes who were 
engaged in sports requiring repetitive overhead movements.  28   
As part of the examination, three tests for impingement 

was facilitated in addition to assisted upward rotation as 
described in the original scapula assistance test. This modi-
fi cation was based on several studies that found reduced 
posterior tilting in those with symptoms of shoulder impinge-
ment.  2,16,34   The inter-rater reliability of the modifi ed scapula 
assistance test was tested by two raters on 46 patients with 
shoulder pathology.  30   Patients were asked to rate their pain 
using a typical 11-point verbal rating scale to describe their 
symptoms during arm elevation in the scapular and sagittal 
planes. Arm elevation and rating were then repeated while 
the tester applied a posterior tilting force with one hand by 
pulling back on the superior aspect of the scapula and con-
currently using the heel of the hand to apply a lateral and 
upward rotary force to the inferior angle. A 2-point decrease 
in pain was considered clinically signifi cant.  62    κ  values and 
percentage agreement for elevation in the scapular plane and 
sagittal plane were 0.53, 77% and 0.62, 91%, respectively, 
indicating moderate reliability and thus making it acceptable 
for clinical use. These authors recommend performing the 
test using the patient ’ s more painful arc of motion, in either 
the scapular or sagittal plane ( Fig. 93-9   ).  

  Scapula Retraction Test.     The scapula retraction test has 
been described as stabilization of the scapula in a retracted 
position on the thorax by manual application of force along 
the medial border of the scapula.  63   Kibler et al.  63   measured 
pain using a numeric rating scale, and elevation strength 
using a hand-held dynamometer during isometric shoulder 
elevation in the scapular plane with the scapula in its natural 
position and then manually retracted using the scapula repo-
sition test. This was performed in a group of 20 patients 
diagnosed with shoulder pathology and in 10 asymptomatic 
controls. The researchers reported an increase in shoulder 
elevation strength using the scapula retraction test position 
compared to testing with the scapula in its natural  “ rest ”  
position in 100% of their patients. No warm-up trials were 
reported, and the natural position was always tested fi rst, so 
strength gains may have been due to a practice or testing-
order effect instead of manual repositioning. In addition, this 
test was described using two examiners (one to apply the 

  Figure 93-8      Subject performing fl exion with 3-pound (1.4   kg) dumbbell.  A,  The scapular motion pattern was rated normal bilaterally.  B,  The scapular 
motion pattern was rated as having  “ obvious ”  dyskinesis on the left and  “ subtle ”  dyskinesis on the right.    

A B

  Figure 93-9      Scapular assistance test. Clinician applies posterior tilting 
force through grasp on superior border of scapula and applies upward 
rotation force through inferior angle of scapula as subject elevates his 
arm.    
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provide a clinical test to identify the subset of those with 
shoulder pathology that may benefi t from interventions 
designed to improve scapular musculature function. 

 In the clinical setting, we recommend asking for a pain 
rating (0 – 10) during resisted shoulder elevation in the Jobe ’ s 
 “ empty can ”  position with the shoulder elevated to 90 degrees 
in the plane of the scapula and maximally internally rotated. 
Manual resistance may be applied directly, or a hand-held 
dynamometer can be used for more objective strength assess-
ment. The Jobe ’ s test should then be repeated using the SRT. 
A fi nding of a 2-point decrease in pain rating or a signifi cant 
increase in strength using the SRT denotes a positive test and 
implies that suboptimal scapular orientation or position may 
be contributing to the patient ’ s symptoms, which suggests 
the need for interventions addressing the scapula.    

  Muscle Performance 
 Muscle performance is evaluated using a make test (subject 
uses maximal isometric force against stationary resistance) 
and graded as normal, reduced, or markedly reduced com-
pared with the uninvolved extremity  68   using the following 
operational defi nitions: 

    Normal (N):  Strong, with equal resistance applied as com-
pared bilaterally  

   Reduced (R):  Mild to moderate defi cit as compared 
bilaterally  

   Markedly Reduced (MR):  Signifi cant defi cit as compared 
bilaterally (little to no resistance can be applied)     

 The muscles to be tested are the prime movers of the 
scapula, namely the serratus anterior and the lower and 
middle trapezius. The testing positions have been described 
by Kendall  69   and verifi ed electromyographically as eliciting 
maximal muscle activity.  70,71   

   Middle Trapezius.     The patient is prone and the shoulder is 
placed in a position of horizontal abduction and external 
rotation (thumb up) with scapula adducted toward midline. 
Pressure is applied against the forearm in a downward direc-
tion while the trunk is manually stabilized. Monitor the 
medial border of the scapula and grade on the ability to 
maintain scapular retraction ( Fig. 93-11  online).       

  Lower Trapezius.     The patient is prone and the arm is ele-
vated overhead in line with the fi bers of the lower trapezius 
with the scapula adducted. Downward resistance is applied 
proximal to the patient ’ s wrist, and the medial border of the 
scapula is monitored. Strength is graded based on the ability 
to maintain scapular retraction ( Fig. 93-12  online).       

  Serratus Anterior.     The patient is seated without back 
support, and the arm is fl exed to 125 degrees in the sagittal 
plane. Resistance is applied proximal to the patient ’ s wrist in 
the direction of extending the shoulder. Monitor the inferior 
angle of the scapula, and grade based on ability of serratus 
to hold upward rotation ( Fig. 93-13  online).         

  Posture 
 The relative height of the affected shoulder is observed 
from a posterior view. Although it has been stated that the 

(Neer,  65   Hawkins,  66   and Jobe  67  ) were performed as originally 
described with the scapula in its natural resting posture. If 
any of these tests were found to be positive for symptom 
provocation, the athlete was asked to rate his or her pain. 
Any pain-provoking test was then repeated with the scapula 
manually repositioned using the SRT. The SRT was per-
formed by grasping the scapula with the fi ngers contacting 
the acromioclavicular joint anteriorly while remaining medial 
to the lateral acromial border. The palm and thenar eminence 
contact the spine of the scapula posteriorly, with the forearm 
obliquely angled toward the inferior angle of the scapula to 
provide additional support on the medial border ( Fig. 93-10   ). 
This encourages scapular posterior tilting and external rota-
tion (inferior angle and medial border moved anteriorly 
toward thorax) and approximates the scapula to a midposi-
tion on the thorax. As the SRT was applied, the impingement 
test(s) that originally provoked pain were repeated and the 
athlete again rated his or her pain. 

 Isometric elevation strength in the Jobe ’ s test position 
(arm elevated to 90 degrees in the plane of the scapula and 
internally rotated by pointing the thumb down) was also 
measured using a hand-held dynamometer. Testing consisted 
of three repetitions of 5-second maximum isometric shoulder 
elevation contractions with the scapula in its natural position 
and also with the scapula manually repositioned using 
the SRT. 

 Almost half of the athletes had a reduction in pain 
during impingement testing with scapular repositioning, 
with a clinically signifi cant strength gain in 26% of athletes 
with at least one positive shoulder impingement test, which 
amounted to about 10% strength increase with the SRT. 
Strength gains may have been facilitated simply by providing 
a more stable proximal fi xation for the muscles such as the 
deltoid and rotator cuff used to perform shoulder elevation,  25   
or may have been the result of an improved length-tension 
relationship of the rotator cuff or scapular musculature sec-
ondary to an altered scapular position. A fi nding of increased 
shoulder elevation strength with scapular repositioning may 

  Figure 93-10      Scapular reposition test. Clinician performing scapula 
reposition test by grasping the acromioclavicular joint superiorly and 
scapula posteriorly and then applying a posterior tilting and external rota-
tion force to further approximate the scapula to the thorax. This is done 
during performance of the Jobe ’ s  “ empty can ”  test, and diminished pain 
or a signifi cant increase in strength is considered a positive test result.    
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thoracic spines should be assessed using spring testing ( Fig. 
93-17  online), and spinal fl exibility should be assessed.  74,75   
McClure and colleagues  21   failed to fi nd a difference in tho-
racic resting posture between those with and without shoul-
der impingement syndrome, but fl exibility, not static posture 
may be a primary issue, since mobility of the thoracic spine 
has been shown to vary signifi cantly between those with 
healthy shoulders and those with shoulder pathology.  76   
    
     

dominant shoulder is often slightly lower than the nondomi-
nant shoulder,  69   a signifi cant reduction in shoulder height, 
especially if seen in combination with winging of the scapula, 
may be indicative of the SICK scapula syndrome in which 
the scapula appears lower on the involved side.  26   Care should 
be taken to note if a scoliosis is present, which may produce 
the appearance of a dropped shoulder, which is unrelated to 
scapular pathology ( Fig. 93-14A,B   .) An  “ elevated scapula ”  
has also been described as a type of impaired alignment in 
which the entire scapula and lateral portion of the clavicle 
are raised due to upper trapezius shortening.  72   Superior 
translation of the scapula during arm elevation (see  Fig. 
93-3 ) was shown to be present in a sample of persons who 
had recovered from unilateral shoulder pathology (adhesive 
capsulitis, frozen shoulder, impingement, rotator cuff ten-
donitis/tear), and this could be altered by tactile and verbal 
cuing, which suggests a motor control issue instead of 
reduced muscle length in this population.  13   

 The patient should also be evaluated to determine if a 
forward head posture is present, as identifi ed by the external 
auditory meatus being anterior to the lumbar spine. From 
the same sagittal view, shoulder protraction, defi ned as the 
acromion being anterior to the lumbar spine, should be noted 
( Fig. 93-15   ).  69   Kyphosis is observed for the upper, middle, 
and lower thoracic areas while viewing the patient from the 
side. The following segmental groups should be assessed: C7 
through T2 (cervicothoracic junction), T3 through T5, and 
T6 through T10. Each segmental group should be rated as 
having either a normal kyphosis (no deviation), diminished 
kyphosis (a fl attening of the normal convexity), or excessive 
kyphosis (an increase in the normal convexity) ( Fig. 93-16A –
 C  online). A study of 80 subjects found that those with 
increased kyphosis and rounded shoulders were more likely 
to have interscapular pain, as were those with a forward head 
posture.  73    κ  values measuring inter-rater reliability for shoul-
der and thoracic postural observation measures as described 
have been reported between 0.58 and 0.9.  74   In addition to 
spinal posture, intervertebral mobility of the cervical and 

  Figure 93-14       A,  Asymmetry of shoulder heights is visible with the patient in erect standing position.  B,  With fl exion a rib hump is present, confi rming 
that the asymmetry is due to scoliosis rather than scapular pathology.    

A B

  Figure 93-15      Shoulder protraction is present, indicated by acromion 
location anterior to apex of lumbar spine.    



 CHAPTER 93 — EXAMINATION AND MANAGEMENT OF SCAPULAR DYSFUNCTION  1219

watch for the end of glenohumeral motion, which ends when 
the shoulder girdle lifts up, indicating compensatory scapu-
lothoracic motion which may mask a glenohumeral internal 
rotation defi cit ( Fig. 93-18   ).  

  Pectoralis Minor Tightness 
 It has been theorized that a forward shoulder posture, defi ned 
as a change in the resting position of the scapula in the sagit-
tal or transverse plane, may over time lead to adaptive short-
ening of the pectoralis minor muscle by approximating its 
attachment sites on the coracoid process and ribs 3, 4, and 
5.  69,86   Healthy subjects with a relatively shorter pectoralis 
minor resting length demonstrated increased internal rota-
tion of the scapula during arm elevation and reduced poste-
rior tilting at and above shoulder level than those with longer 
pectoralis minor lengths.  17   As previously discussed, these 
alterations in scapular kinematics have been found in persons 
with subacromial impingement and are thought to decrease 
subacromial space, resulting in increased compression on 
the rotator cuff and long head of the biceps tendons.  2,16,19   
Recently, Borstad  86   has provided research supporting a rela-
tionship between resting normalized pectoralis minor length, 
thoracic kyphosis, and scapular internal rotation, fi nding that 
those with a relatively short pectoralis minor demonstrated 
increased scapular internal rotation. Because this research 
supports a relationship between pectoral length and scapular 
kinematics, measurement of pectoralis minor length is rec-
ommended. The problem one encounters, however, is that 
the simple traditional measure reported to represent pectoral 
muscle length, using the distance from the posterolateral 
angle of the scapula to the table with the patient supine,  87   
has not been correlated with normalized pectoralis minor 
length and lacks diagnostic accuracy despite having excellent 
reported intrarater reliability.  88   Taking a direct linear measure 
using either a measuring tape or vernier caliper between the 
medial inferior angle of the coracoid process and anterior 
inferior edge of rib 4 one fi nger-width lateral to the sternum 
was found to have acceptable intrarater reliability for clinical 
use (intraclass correlation coeffi cient ranged from 0.82 to 
0.87 in 26 adults without a history of shoulder pathology) 
and was validated using comparison measures from an elec-
tromagnetic tracking device.  89   Borstad  89   describes palpation 

  Posterior Shoulder Tightness 
 Some authors have suggested that posterior shoulder tight-
ness, refl ected by limited glenohumeral internal rotation, is 
associated with scapular dysfunction.  26,77   Burkhart et al.  26   
suggest that posterior capsular tightness may cause the 
scapula to rotate or protract excessively during follow-
through of throwing or swinging, which involves a combina-
tion of adduction and internal rotation, and that scapular 
dyskinesis and tightness of the posterior capsule occur as part 
of a common syndrome in throwing athletes. They reported 
this fi nding in a group of symptomatic throwers, and it has 
been suggested that impingement of the posterior cuff may 
be exacerbated by scapular protraction. Borich et al.  77   studied 
subjects involved in overhead sports with three-dimensional 
motion analysis and found that those with a glenohumeral 
internal rotation defi cit had more anteriorly tilted scapulas 
during activities requiring arm elevation and internal rota-
tion. Laudner et al.  22   studied 11 throwing athletes diagnosed 
with pathologic internal impingement and compared them 
to asymptomatic throwers. Somewhat in contrast, they found 
increased clavicular elevation and increased posterior tilting 
in symptomatic throwers. Therefore, there does appear to be 
a connection between posterior shoulder tightness (limited 
glenohumeral internal rotation) and scapular dyskinesis; 
however, the precise nature of the altered scapular motion is 
unclear. 

 Multiple measures of posterior shoulder tightness have 
been reported including side-lying and seated horizontal 
adduction with the scapula blocked,  78,79   seated horizontal 
adduction,  80   supine internal rotation measured at 90 degrees 
abduction,  81   and standing spinal level assessed with hand 
behind the back.  82,83   Only modest correlations between spinal 
level and internal rotation at 90 degrees abduction were 
found (r  =  0.44),  84   indicating that measurements taken in 
these varied positions probably assess the fl exibility of differ-
ent portions of the posterior shoulder. Using spinal level with 
the hand behind the back assesses the posterior-superior 
capsule, while internal rotation at 90 degrees assesses the 
posterior-inferior capsule.  85   Given this fi nding, we recom-
mend that posterior shoulder tightness be assessed using 
both the standing spinal level and internal rotation at 90 
degrees. When using the latter technique, it is critical to 

  Figure 93-18      Position for goniometric ROM measurement of internal rotation as a measure of posterior capsule fl exibility.  A,  End of glenohumeral 
internal rotation occurs when the shoulder begins to lift (beyond dashed line), signifying the end of glenohumeral motion.  B,  Incorrect positioning for 
goniometric internal rotation measurement allowing the scapula to lift from the plinth ( arrow ).    

A B
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grossly accomplish the arm motion required in the exercise 
but be unable to adequately control the scapula. This situa-
tion would produce excessive stress on the glenohumeral 
tissues and even reinforce poor motor control patterns.  13   
Another concept that often seems useful is to incorporate 
combined trunk and lower extremity movement to facilitate 
proper scapular motion. For example, hip and trunk exten-
sion can be combined to facilitate scapular retraction during 
arm extension or elevation.  25,92   

 We present exercises as early ( Fig. 93-20A – G  online), 
middle ( Fig. 93-21A – F  online), or late ( Fig. 93-22A – H  
online) phase. Exercises should be chosen and progressed 
based on the patient ’ s ability to control the scapula as well 
as consideration of the healing phase of any injured or 
repaired tissue. Obviously, the simple variables to alter are 
the load and repetitions, but the speed and complexity of the 
motion should also be progressed. In general, early-phase 
exercises should keep the shoulder in a protected midrange 
or nonprovocative position, while late-phase exercises will 
require end-range, more provocative positions.             

  Taping/Bracing 
 Although there are few studies addressing the effi cacy of 
shoulder taping, two case studies of patients with clinical 
symptoms of shoulder impingement have described the use 
of scapular repositioning as a diagnostic tool that reduced 
patients ’  symptoms.  93,94   Subsequent use of scapular taping 
was effective in symptom reduction and was used as part of 
a comprehensive intervention program. Additional studies 
have investigated the effect of shoulder taping in healthy 
subjects,  95,96   professional musicians,  96   and in persons with 
subacromial impingement.  96,98   Although taping did not 
produce signifi cant electromyographic changes in the scapu-
lar muscles of those with healthy shoulders,  99   it was success-
ful in altering electromyographic activity of the scapular 
musculature in both symptomatic swimmers  102   and profes-
sional violinists, half of whom were experiencing pain.  97   
Taping has been effective in reducing thoracic kyphosis  96,100   
as well as increasing shoulder elevation and pain-free eleva-
tion range of motion (ROM) in the sagittal plane and in the 
plane of the scapula.  100   These fi ndings are consistent with 
those of Kebaetse,  101   who also reported increased shoulder 
elevation motion and a change in scapular position in the 
erect compared to the slouched postures. Concomitant with 
enhanced ROM was increased elevation force at 90 degrees 
in the erect-posture condition. This would logically lead one 
to believe that in symptomatic individuals with suboptimal 
scapulothoracic posture or motion, scapular taping may be 
an effective adjunct to enhance motor performance or reduce 
pain in a functional range of elevation. Taping has been 
described as  “ an adjunctive therapy to attempt to attain a 
more favorable scapular alignment and alleviate pain, ”   94   and 
proposed mechanisms of action include improved scapular 
alignment, providing a low load – long duration stretch to 
tight structures about the shoulder, increased subacromial 
space, reduced tension in the subacromial tissues,  94   improved 
proprioception,  102   and improvement of joint positional 
faults.  103   

 If either postural correction or the SRT reduces symptoms, 
scapular taping should be considered in the patient who 

of these anatomic landmarks as follows: From the lateral 
concavity of the clavicle, palpate inferiorly in the deltopec-
toral groove for the medial inferior angle of the coracoid, 
then fi nd the medial inferior aspect of rib 1 inferior to the 
sternoclavicular junction and count down to the anterior 
inferior edge of rib 4, one fi nger lateral to the sternum ( Fig. 
93-19   ) These authors have also used a PALM palpation meter 
(Performance Attainment Associates, St. Paul, MN) to obtain 
the pectoralis minor length using the same landmarks, as this 
device allows the clinician to circumvent other devices press-
ing into those with larger breast tissue. A pectoralis minor 
index can then be calculated by dividing the pectoralis minor 
length in centimeters by the person ’ s height in centimeters, 
and multiplying by 100.  17   A pectoralis minor index of less 
than 7.44 has been reported to indicate a relatively short 
pectoralis minor.  89     

  Treatment 
 Since the etiology of scapular dysfunction appears to be 
multifactorial, the clinician should consider matching inter-
vention strategies to the impairments identifi ed during the 
examination process. 

  Muscle Strengthening 
 There is strong evidence that shoulder strengthening exercise 
is an effective treatment for several conditions including 
shoulder impingement  90   and shoulder instability.  91   Most 
exercise programs for shoulder pathology should target both 
glenohumeral and scapulothoracic musculature, although 
the focus of this chapter is only scapular dysfunction. 

 One key principle in designing a scapular exercise program 
is to match the diffi culty of the exercise with the patient ’ s 
level of motor control and strength. Therefore, it is important 
to visually observe the patient posteriorly during an exercise 
to assure he or she is able to maintain good scapular control. 
This concept is particularly important to patients who may 
have well-developed glenohumeral muscles (e.g., the deltoid) 
but poor scapular control. These patients may be able to 

  Figure 93-19      Linear measure of pectoralis minor length using tape 
measure from medial inferior angle of coracoid process to anterior inferior 
edge of rib 4 one fi nger-width lateral to the sternum.    
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taping, but should provide improved wearing tolerance over 
extended time periods due to the lack of adhesive contact 
with the skin ( Fig. 93-24A,B   ). An initial study  104   of 15 sub-
jects reported to have shoulder injuries with scapular dyski-
nesis and 15 healthy subjects assessed scapular kinematics 

  Figure 93-23      Scapular taping with cover roll stretch applied beneath 
Leukotape (ERP Group, Laval, QC, Canada).    

either has diffi culty maintaining an optimal posture or 
requires a stretch to the anterior shoulder, or in those who 
are unable to exercise without pain. The following procedure 
is a modifi cation of the postural taping technique described 
by Greig in 2007.  100   The modifi cation allows additional 
approximation force over the inferior angle of the scapula to 
the thorax. Taping may be applied unilaterally or bilaterally, 
although these authors recommend bilateral taping to 
enhance thoracic spine extension ( Fig. 93-23   ).  Box 93-2    pro-
vides directions for the bilateral taping method. 

 The Spine and Scapula Stabilizing brace or S3 (Alignmed 
Inc., Santa Ana, CA)appears to work in a similar fashion as 

 Box 93-2      Directions for Bilateral 
Taping of the Scapula  

       •      Patient should be seated and asked to  “ elongate the 
crown of the head toward the ceiling and gently 
draw shoulder blades down and together. ”   102    

   •      A 2-inch-width cover roll stretch (Beiersdorf-Jobst 
Inc., Charlotte, North Carolina) should be used to 
protect the patient ’ s skin and will be applied without 
tension from the anterior aspect of acromion and 
acromioclavicular joint superiorly across the upper 
trapezius and angled toward the inferior angle of the 
scapula crossing the spine at approximately T8 – T9 
and ending on the contralateral thorax.  

   •      Leukotape (Beiersdorf-Jobst Inc., Charlotte, North 
Carolina) should be anchored anteriorly and held 
fi rmly by the examiner ’ s thumb while the tape is 
fi rmly pulled superiorly and then diagonally across 
the inferior angle of the scapula to the contralateral 
thorax on top of the cover roll stretch. The tape 
should remain medial to the lateral border of the 
acromion proximally to maintain a more vertical 
orientation and avoid altering the position of the 
humerus relative to the glenoid.  

   •      It is important to instruct another person on tape 
removal by gently lifting the edge of the tape and 
carefully pressing down on the skin to detach it. 
Patients should not remove their own tape.      

  Figure 93-24      Spine and Scapula Stabilizing Brace incor-
porates a mesh fi tted vest and adjustable Velcro straps (S3) 
by Alignmed, Inc.  A,  Anterior view;  B,  posterior view.    

A B
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the glenohumeral joint is adducted, internally rotated, and 
extended while the hand now located behind the individual ’ s 
back is pulled up by the opposite hand using a towel  107,108  ; a 
 “ sleeper stretch ”  that is accomplished by lying on the side to 
be stretched, elevating the humerus to 90 degrees on the 
support surface, then passively internally rotating the shoul-
der with the opposite arm ( Fig. 93-27   ).  26,109,110   A randomized 
study by McClure and colleagues  84   found that in healthy 
subjects with limited internal rotation, the cross-body adduc-
tion method produced signifi cant gains in internal rotation 

using an electromagnetic tracking system during shoulder 
elevation with and without the S3 brace. Small (2 – 4 degrees) 
but statistically signifi cant changes were found at rest and 
primarily during the early ranges of arm elevation. It is 
unknown whether the magnitude of reduced scapular 
internal rotation and increased posterior tilting detected 
while wearing the S3 are clinically signifi cant. Although 
the S3 website references data report signifi cant increases 
in internal and external rotation strength in the scapular 
plane while wearing the S3 as compared with not wearing 
the brace, no peer-reviewed studies are available at this 
time. Anecdotally, these authors have had favorable clinical 
experience using the S3 brace with patients, but further 
research should be done to determine widespread clinical 
effi cacy.  

  Stretching 
 In patients with tight periscapular musculature or status post 
trauma or immobilization, limitations in scapulothoracic 
motion should be addressed using superior, inferior, medial, 
or lateral gliding or scapulothoracic distraction techniques 
( Fig. 93-25A,B   ). Facilitatory techniques may be used in the 
early phase of rehabilitation programs in conjunction with 
scapular mobilization to promote isolated active scapular 
motion (see  Fig. 93-20A – D  online). 

 In addressing any loss of glenohumeral mobility in a 
patient with upper extremity symptoms, particular attention 
should be given to tightness of the posterior shoulder mus-
culature, as this may affect scapular kinematics,  105,106   and 
adequate fl exibility of the posterior capsule has been recom-
mended before the initiation of a shoulder strengthening 
program. Several methods of self-stretching have been 
described, including:  “ cross-body stretch, ”  wherein the 
shoulder is elevated to approximately 90 degrees of fl exion 
and pulled across the body into horizontal adduction with 
the opposite arm ( Fig. 93-26   )  107  ; the  “ towel stretch, ”  wherein 

  Figure 93-25      Scapulothoracic mobilization.  A,   Arrow  indicates that scapula can be mobilized in superior, inferior, medial, and lateral directions. 
 B,  Scapulothoracic distraction.    

A B

  Figure 93-26      Cross-body stretch.    
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  Figure 93-27      Sleeper stretch.    

  Figure 93-28       A,  Manual horizontal adduction stretch with scapula blocked.  B,  Anterior-posterior glide to stretch the posterior capsule of the gleno-
humeral joint.    

A B

ROM after a 4-week intervention program of fi ve 30-second 
stretches daily, whereas the sleeper stretch did not produce 
signifi cant changes. For use in the clinic, manually assisted 
stretching techniques have been described in which the clini-
cian manually stabilizes the scapula while the shoulder is 
passively adducted or internally rotated or performs anterior 
to posterior glides to stretch the posterior capsule ( Fig. 
93-28A,B   ).  111   Postural exercises and mobilization techniques 
to facilitate cervical retraction and thoracic extension have 
also been described to improve shoulder elevation ROM  96   

( Fig. 93-29A – E  online). Stretching of the pectoralis minor is 
also recommended so as to improve scapular kinematics 
during arm elevation, and Borstad and Ludewig have used an 
electromagnetic motion tracking system and found that the 
unilateral corner stretch was most effective in elongating the 
pectoralis minor followed by a manual stretch supine with a 
towel roll vertically placed over the thoracic spine ( Fig. 
93-29A  online).  112   As a modifi cation of the latter technique, 
these authors have additionally stabilized the lower ribs 
while applying downward pressure over the coracoid process 
( Fig. 93-30A,B   ).        

  Summary 
 Scapular dysfunction is a common clinical problem with 
many upper quarter conditions, especially the shoulder. The 
scapula provides a stable base for glenohumeral function and 
upper extremity function. Therapists should examine for 
abnormalities in scapular motion and position to identify 
impairments in muscle performance and muscle length that 
create a suboptimal environment for scapular function. 
Recently, examination tools have been developed to assist 
therapists with their assessment of the scapula. Additional 
research is needed to establish the clinical utility of these 
examination techniques, but current evidence suggests 
some useful therapeutic strategies to help resolve scapular 
dysfunction.  Box 93-3 , available on the companion website, 
provides a review of the clinical guidelines presented in this 
chapter.        
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  Figure 93-30       A,  Pectoralis minor corner stretch.  B,  Manual pectoralis minor stretch with ribs stabilized and posteriorly directed pressure over 
coracoid.    
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