
journal of orthopaedic & sports physical therapy  |  volume 37  |  number 9  |  september 2007  | 551

vention is required rather than a trial
of conservative management, including
medications, restriction of activities, and
physical therapy. In most cases, conserva-
tive management is the first approach, of
which physical therapy is an important
component.3,80 The physician's diagnoses
related to the pathoanatomical source of
pain are not designed to guide physical
therapy intervention.

As in this case, most often the pain
is associated with movement; thus we
believe that alterations in the precision
of movement are the cause of the tissue
irritation and need to be corrected for
achieving the optimal outcomes. Based
on the premise that the physical therapist
has primary expertise in analysis of the
movement system, Sahrmann60 has devel-
oped a set of diagnoses for the shoulder,
based on movement system impairments
(MSI), to guide physical therapy treat-
ment. The diagnoses are named for the
alignments and movements that appear
to be related to the patient's symptom
behavior.60 The focus of the diagnoses is
on the movement that produces the pain
rather than the pathoanatomic source of
the pain.60 TABLE 1 provides a list of the
proposed diagnoses. TABLE 2 provides defi-
nitions of the scapular movements.

The MSI system of classification of
shoulder problems is based on the basic
premise that loss of precise movement
is the result of repetition of movements
and positions in specific directions with

S
houlder pain is a problem commonly treated by physicians15,74

and physical therapists. Shoulder pain is associated with a
variety of diagnoses, such as impingement, instability, acromio-
clavicular joint pathology, and rotator cuff tear.7,14,63,66,72,82,83

Both physical therapists and physicians attempt to differentiate among
possible causes of pain before selecting an approach to treatment.

 STUDY DESIGN: Case report.

BACKGROUND: Based on our assumption
that subtle deviations in the precision of shoulder
movement cause tissue injury, we have developed
a set of movement-related diagnoses for shoulder
problems. The purposes of this case report are to
(1) illustrate the use of a movement system impair-
ment (MSI) diagnosis in a patient with shoulder
pain, (2) illustrate how the MSI diagnosis guided
treatment prescription, and (3) describe the
outcomes of treatment based on a MSI diagnosis
for shoulder impingement.

CASE DESCRIPTION: The patient was a 46-
year-old female with recurrent right-shoulder pain
of 2 months' duration. Initially she reported that
her pain was constant but varied in intensity and
had increased gradually over time. Shoulder pain
limited her ability to bicycle and perform reaching
movements. The systematic clinical examination
for assessing the patient's preferred alignment
and movements included items related to pain,

alignment, movement, muscle length, muscle
strength, and function. Based on the examination,
the MSI diagnosis was humeral anterior glide
with scapular downward rotation. The treatment
focused on correction of her shoulder alignment,
functional movements, and associated impair-
ments of muscle function. The patient was seen 4
times in 6 weeks.

OUTCOMES: The patient was pain free with all
activities at 1 month and there was no recur-
rence of symptoms 3 years after the last physical
therapy visit.

DISCUSSION: A MSI diagnosis of humeral
anterior glide with scapular downward rotation
guided physical therapy treatment and resulted
in positive short- and long-term outcomes. J
Orthop Sports Phys Ther 2007;37(9):551–563.
doi:1025.19/jospt.2007.2283

KEY WORDS: glenohumeral joint, impingement,
scapula, rotator cuff

1Assistant Professor, Program in Physical Therapy, Washington University School of Medicine, St Louis, MO. 2Professor, Program in Physical Therapy, Washington University School of
Medicine, St Louis, MO. Informed consent for clinical case studies was obtained according to the procedures established by the Human Studies Committee of Washington University.
Address all correspondence to Cheryl Caldwell, Program in Physical Therapy, Washington University School of Medicine, 4444 Forest Park Blvd, Campus Box 8502, St Louis, MO 63108.
E-mail: caldwellc@msnotes.wustl.edu

The diagnoses made by physicians are
based on the findings from their exami-
nation and special tests,6,7 with a focus
on identifying the injured tissue that ap-
pears to be the source of the symptoms
and ruling out other sources that may be
referring pain to the shoulder region.24,31
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Common to the medical diagnoses for
shoulder pain is the fact that the diag-
noses relate to the specific anatomical
tissues that are considered the source of
the symptoms. In general, the findings
from the physician's examination deter-
mine whether immediate surgical inter-
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daily activities.23,29,60 The repetition is
proposed to induce alterations in the bio-
mechanical16,18,57,61 and motor control4,17

components of the movement system.
For example, repetition may result in in-
creases or decreases in tissue stiffness61

and extensibility,13,23,29,49,58 or changes in
timing or magnitude of activity of various
muscles.16,17 The loss of movement preci-
sion is proposed to contribute to repeated
low-magnitude stresses to the tissues in
the same direction. This accumulation of
stresses to the tissues in a specific region
of the shoulder may lead to microtrauma
and eventually shoulder symptoms.17 The
MSI theory also contends that, until the
alterations in the biomechanical and
motor control components are modified,
the shoulder problem has the potential to
persist or recur.60

The clinical examination includes a
history and a set of clinical tests of move-
ments and positions.60 The examination
is unique in the way the effect of each
test on the person's shoulder symptoms
is monitored. The person performs each
test using his preferred strategy, while
the examiner assesses symptoms and
makes judgments about direction-relat-
ed patterns of movement or alignment.
If a movement or position provokes
symptoms, the test is standardly modi-
fied to correct the person's preferred pat-
tern. The effect of the modification on
the symptoms is assessed relative to the
symptoms, using the preferred pattern.
Overall, the modifications involve either
changes in (1) movement to improve the
timing and magnitude of the scapular
movement or to improve movement
of the humerus relative to the scapula,
(2) initial alignment to improve move-
ment of the humerus and scapula, or (3)
static alignment of the trunk, scapula,
and humerus.60 Upon completion of the
examination, the findings are reviewed
to determine if there is a consistent pat-
tern of symptom responses (increased
and decreased) associated with move-
ment and alignment patterns related
to a specific direction. Consistency of
responses across the direction-related
tests leads to the assignment of the
MSI-related diagnosis and the focus of
physical therapy treatment. Treatment
involves (1) educating the person about
the specific direction(s) of alignment and
movement that appear to be contribut-

TABLE 1
Diagnostic Categories for the Shoulder as

Described by Sahrmann
60

*

*  The diagnoses are named for the alignment and/or movement impairment that when corrected de-
creases or abolishes the symptoms. The following combinations may occur: (1) normal alignment and
movement impairment, (2) impaired alignment and normal movement, and (3) impaired alignment
and impaired movement.

Scapular

Downward rotation

• Insufficient upward rotation

Depression

• Insufficient elevation

Abduction

• Excessive abduction

Winging/tilting

• Winging and tilting during the return from arm elevation, or

• Insufficient posterior tilt at the end range of arm elevation, or

• Winging during arm elevation, and/or

• Alignment of winging and/or anterior tilt

Humeral

Anterior glide

• Excessive anterior or insufficient posterior glide, and/or

• Alignment of humeral head excessively anterior

Superior glide

• Excessive superior or insufficient inferior glide, and/or

• Alignment of humeral head excessively superior

Shoulder medial rotation

• Insufficient lateral rotation, and/or

• Alignment of excessive medial rotation

Glenohumeral hypomobility

• Decreased range of motion in all directions

TABLE 2 Definitions of Terms
26,34,35,55,60

Scapular adduction/abduction—The scapula translates along the rib cage medially towards (adduction), or later-

ally away from (abduction), the vertebral column

Scapular upward/downward rotation—A movement of the scapula (about an axis perpendicular to the scapula

at the acromioclavicular joint) in which the inferior angle moves laterally and the glenoid fossa rotates to face

cranially (upward rotation) or the inferior angle moves medially and the glenoid fossa rotates to face caudally

(downward rotation)

Scapular anterior/posterior tilt/tipping—A movement of the scapula (about an axis parallel to the scapular spine

at the acromioclavicular joint) in which the coracoid moves anteriorly and caudally while the inferior angle

moves posteriorly and cranially (anterior tilt) or the coracoid moves posteriorly and cranially and the inferior

angle moves anteriorly and caudally (posterior tilt)

Scapular winging—Abnormal movement of the scapula about a vertical axis at the acromioclavicular joint in which

the vertebral border moves in a posterior and lateral direction away from the ribcage
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ing to the shoulder problem, (2) modify-
ing the direction-specific alignment and
movement patterns during daily activi-
ties, and (3) exercises to address the im-
pairments (for example, weak scapular
upward rotator muscles) that appear to
contribute to the direction-related align-
ment and movement patterns.

The purposes of the following case re-
port are to (1) illustrate the use of a MSI
diagnosis for physical therapy in a patient
with shoulder pain, (2) illustrate how the
diagnosis guided treatment prescription,
and (3) describe the outcomes of treat-
ment based on a MSI diagnosis for shoul-
der pain.

Informed consent for clinical case
studies was obtained according to the es-
tablished procedures of the Human Stud-
ies Committee of Washington University.

CASE DESCRIPTION

History

Patient Characteristics and Current
Medications The patient was a 46-
year-old, Caucasian, female physi-

cal therapist who was referred to physical
therapy for evaluation and treatment of
right shoulder pain. The patient was right
handed, weighed 61 kg, and was 1.68 m
tall. At the time of her first clinic visit, she
was taking Fosomax for osteopenia and
Celexa for depression, but was not tak-
ing medication for the shoulder pain. She
was working.
Pain Location and Behavior The patient
reported (1) pain located in the superior
and anterior aspects of her right shoul-
der that had begun 2 months ago, (2)
pain that was constant, with varying
intensity and had a stabbing and ach-
ing quality, (3) pain intensity at rest of 1
on a 0-to-10 verbal numeric pain scale,
with 0 being no pain present and 10 se-
vere pain that would require going to
the emergency room,54 and (4) a worst
pain intensity of 6/10 for this episode.
The patient also reported that her pain
started while riding an Aerodyne bicycle
2 months ago and gradually increased.
She stopped riding the bike 1 month

ago and initiated the exercises that were
prescribed for a previous episode of right
shoulder pain. The exercises did not re-
lieve but increased the pain. The pain
increased with (1) reaching out to the
side and was worse if the shoulder was
laterally rotated versus medially rotated,
(2) horizontal adduction associated with
turning off her alarm clock, (3) reaching
across the car from the driver's seat, and
(4) using a curling iron. The patient's
pain was worse upon awakening in the
morning. She reported sleeping in su-
pine or left sidelying. Her pain decreased
with rest. The patient reported no neck
pain, paresthesias, stiffness, feelings of
instability, clicks, or weakness, and her
pain never extended beyond the mid del-
toid region.
Occupation and Fitness Activities As a
physical therapist she led exercise classes
for people with osteoporosis and cancer.
She also performed interventions for
patients with lymphedema, including
bandaging and lymphedema massage.
Her fitness activities included use of the
treadmill, bike, Stairmaster, or elliptical
glider for 45 minutes, 5 times per week.
Medical History and Screening The
patient had 1 previous episode of right
shoulder pain 3 or 4 years prior to the
current episode that started after using
a rowing machine. The prior episode
resolved with physical therapy that con-
sisted of shoulder exercises. She reported
having had no shoulder or spine surgery,
and no other medical problems except
osteopenia and Bouchard's nodes on her
right hand. Her goal for physical therapy
was to "get rid of the pain in her right
shoulder."

Based on the information obtained in
the history, the chief complaint of pain
seemed to be related to the movement
system because the location of the pain
was at the shoulder and was produced
with shoulder motions. The focus of the
examination was, therefore, directed to
the shoulder region. The cervical spine
was ruled out as the source of pain be-
cause the patient had no complaints of
neck pain, radiating pain, paresthesias

down the arm, or pain with neck mo-
tions. The elbow and wrist were ruled out
as pain sources, because the patient had
no pain distal to the deltoid. Tentatively,
the diagnosis of glenohumeral hypomo-
bility was ruled out because her primary
complaint was pain not stiffness or loss
of range of motion. Nerve or significant
muscle injury was ruled out because the
patient did not report any significant
weakness. Based on the painful motions
reported, any of the scapular or humeral
diagnoses proposed by Sahrmann,60 be-
sides glenohumeral hypomobility, were
possible diagnoses (TABLE 1). The physical
examination was used to clarify the exact
MSI diagnosis.

Physical Examination
The examination was performed by the
first author, a physical therapist with 28
years of experience, with expertise in
the shoulder and certification as a hand
therapist. The examination consisted of
direction-specific tests of movements
and alignments, during which, pain was
monitored and judgments were made
regarding alterations relative to a kine-
siological standard. The tests were per-
formed in various positions. Functional
movements that were painful were sim-
ulated by the patient and analyzed by the
examiner. The examiner's judgments of
alignment and movement were based
on visual or visual and tactile informa-
tion. If the patient reported an increase
in pain with a primary test in which the
patient used her preferred strategy, the
patient's preferred movement was im-
mediately followed by a secondary test
in which the patient's preferred move-
ment or alignment was modified. The
modification was performed in an at-
tempt to decrease or eliminate the pain.
Modifications were accomplished using
either verbal cues, muscle activation by
the patient, as instructed by the exam-
iner, or manual assistance by the exam-
iner. TABLE 3 provides the standard and
the positive findings from the primary
and secondary tests for the patient in
this case.
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Alignment Impairments in alignment
are believed to correlate with specific
movement-related diagnoses and also
to provide clues as to the resting lengths
of the muscles. Alignment findings on
the right, with the patient in the stand-
ing position, included an anterior hu-
meral head, glenohumeral joint resting
in extension, and anteriorly tilted and
adducted scapula (TABLE 3). An anteri-
orly positioned humeral head relative
to the acromion and the glenohumeral
joint extension are signs typical of the
MSI diagnosis of humeral anterior glide
(TABLE 1).60 Anteriorly tilted scapulae
may indicate a short or stiff pectoralis

minor.9,34,60 Adducted scapulae may indi-
cate shortness or stiffness of the scapular
adductors.34,60 The left scapula was also
anteriorly tilted and adducted, but not
as much as the right.
Movement Testing The patient's pre-
ferred method of shoulder flexion in
standing produced pain on the right,
and movement impairments included
decreased scapular upward rotation, a
humeral head that by visual assessment
appeared too prominent anteriorly, and
increased shoulder medial rotation. Dur-
ing the modified shoulder flexion test in
standing, manual correction of the scapu-
lar motion resulted in a minimal decrease

in pain. The examiner next corrected the
humeral head position by applying a pos-
teriorly directed force during shoulder
motion. The posterior glide decreased the
pain more than correction of the scapular
motion. Thus, the primary impairment
was assumed to be the anterior humeral
head position (TABLE 1). Based on the pain
response, the scapular movement impair-
ment of insufficient upward rotation was
also believed to be contributing to the
production of pain but was not consid-
ered the primary problem. Correction
of the humeral medial rotation was also
performed, resulting in an increase of
symptoms. Therefore shoulder medial

TABLE 3 Positive Findings From Standardized Examination

Test*,† Standard Findings‡

Standing

Alignment: side view

• Humeral head relative to acromion • No more than ¹/³ of humeral head anterior to • Greater than ¹/³  of right humeral head
anterolateral corner of acromion60 anterior to acromion

• Resting position of glenohumeral joint • 0º flexion or extension60 • Right glenohumeral joint resting in extension

• Shoulder joint relative to plumb line • Plumb line bisects shoulder joint34 • Shoulders anterior relative to imaginary plumb line

Alignment: posterior view • Vertebral border of scapula 7.62 cm from spine64 • Adducted bilaterally, less than 7.62 cm from spine

• Scapula anteriorly tilted 20º50 • Tilted anteriorly bilaterally greater than 20º

Active shoulder flexion • Humerus glides posteriorly37 • Right humeral head anterior greater than left

• Humerus should not medially rotate excessively60 • Humerus medially rotated greater than left

• Scapula upwardly rotates 60º30 and posteriorly tilts40 • Scapula upwardly rotated 45º§

• Painful arc of motion with active shoulder flexion

Modified active shoulder flexion

• Manually assisted to increase scapular upward rotation • Minimal decrease in symptoms

• Manually applied posterior glide to head of humerus • Resulted in greater decrease in symptoms

• Active increased glenohumeral lateral rotation • Increased symptoms

Functional active reaching out to the side • Motion consists of both glenohumeral horizontal • Decreased scapular adduction and increased
abduction and scapular adduction humeral anterior glide

• Symptoms were produced

Modified functional active reaching out to the side • Symptoms alleviated

Sitting

Manual muscle test¶ of serratus anterior • 5/5 strength • 4/5

• Symptoms produced

Supine

Muscle length (tested passively)

• Pectoralis minor • Posterior aspect of acromion less than 2.54 cm from • Short on right
table with passive stretch60

• Teres major • 170º-180º of shoulder flexion with lateral border of • Short on right
scapula protruding from posterior lateral border of
trunk no greater than 1.27 cm60

continued on next page
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rotation was not considered as a likely
diagnosis.

No winging or tilting of the scapula
was noted during shoulder flexion or the
return from shoulder flexion, so the di-
agnosis of scapular winging/tilting was
unlikely. The diagnosis of scapular ab-
duction was also unlikely because at rest
the patient's scapulae were adducted and
did not abduct excessively during active
shoulder flexion.

When simulating reaching out to the
side in standing (scapular adduction
and horizontal abduction), pain was
produced and excessive glenohumeral
joint movement was noted relative to

scapulothoracic movement. This move-
ment impairment was believed to be
contributing to the anterior humeral
head position. Pain was reduced by de-
creasing the amount of glenohumeral
movement relative to the scapulotho-
racic movement.

Shoulder active lateral rotation in
prone was tested to assess the pattern
of muscle recruitment. The muscles in-
volved included the trapezius, serratus
anterior, infraspinatus, teres minor, and
posterior deltoid. The patient's preferred
method of performing shoulder lateral
rotation produced pain, and excessive hu-
meral anterior glide was palpated during

the movement. Based on visual observa-
tion of slight glenohumeral horizontal
abduction, prominence of the posterior
deltoid muscle belly, and palpation, the
posterior deltoid seemed to have exces-
sive activity. The boundaries of the pos-
terior deltoid muscle were clearly visible
and easily palpable, and glenohumeral
horizontal abduction coincided with the
increase in humeral anterior glide. Con-
sistent with the MSI diagnosis of humer-
al anterior glide, pain was abolished if
shoulder lateral rotation was performed
without anterior glide and horizontal ab-
duction (TABLE 1). The impairments were
corrected by the examiner applying suf-

TABLE 3 (Continued)

Test*,† Standard Findings‡

* Includes tests of symptoms as well as judgments of alignment and movement with tests in various positions.
† A modified test is a secondary test performed if the patient reports an increase in symptoms with the associated primary test of symptoms. Modifications
involved either restricting excessive movement or assisting decreased movement. Modifications were accomplished manually by the examiner, with verbal cues
or actively by the patient. The patient reported symptoms with each secondary test relative to the symptomatic primary test.
‡ Includes responses to tests of symptoms (primary and secondary) as well as signs with various tests.
§ Measured with 15.24-cm plastic goniometer aligning moving arm parallel to vertebral border of scapula and stationary arm parallel to vertebral column.
 Correction of the movement impairment of excessive medial rotation of the shoulder during active shoulder flexion was accomplished by verbally instructing

the patient to actively laterally rotate the shoulder during the movement.
¶ Tested as described by Kendall et al34: 5/5, normal strength; 4/5, able to hold against moderate resistance; 3+/5, able to hold against minimal resistance; 3/5
able to hold against gravity but not against additional minimal resistance applied manually.

Active and passive range of motion

• Shoulder lateral rotation (with 90º abduction) • 90º with shoulder abducted 90º60 • Greater than 90º lateral rotation on right

• Shoulder medial rotation|| (with 90º abduction) • 70º with shoulder abducted 90º60 • 40º on right; greater than 70º on left

• Horizontal adduction • Olecranon passes midline during passive horizontal • Range of motion into horizontal adduction
adduction with scapula stabilized limited bilaterally

• Horizontal adduction produced symptoms on right

Prone

Active and passive range of motion

• Shoulder lateral rotation (with 90º abduction) • Humeral anterior glide while maintaining humeral • Excessive humeral anterior glide during
head alignment relative to glenoid55 active motion

• Symptoms were produced during active motion

• Primary movers should be infraspinatus and teres • Excessive activity of posterior deltoid with
minor34 and humerus should spin on an axis without horizontal abduction of shoulder
horizontal abduction

Modified shoulder active lateral rotation

• Manual application of posterior glide to head of • Symptoms were alleviated
humerus by examiner and verbal cues to avoid
horizontal abduction

Manual muscle strength tests¶

• Middle trapezius • 5/5 strength • 3/5 on right

• Lower trapezius • 5/5 strength • 3/5 on right

• During both middle and lower trapezius muscle tests,
glenohumeral joint flexion occurred more readily
than scapular posterior tilt and adduction on right

• Rhomboids • 5/5 strength • 5/5 strength
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ficient force posteriorly to align the head
of the humerus properly with the glenoid
for the starting position, and during the
active motion. The patient was also cued
to avoid moving the glenohumeral joint
into horizontal abduction.
Manual Muscle Testing The strength of
the serratus anterior was tested in sitting,
as described by Kendall et al.34 Although
testing the right shoulder of the patient in
this case was painful, the pain was mini-
mal and did not appear to affect the test,
so a grade of 4/5 was assigned. Optimal
function of the serratus anterior is needed
for appropriate pain-free scapular motion
during overhead movements.22,34,39,60,62,79

Weakness is a contributing factor to in-
sufficient scapular upward rotation.34

Weakness of the serratus anterior when
tested at its shortened length is proposed
to be consistent with the alignment fault
of scapular adduction in standing.60

These signs are consistent with a MSI
diagnosis of scapular downward rotation
(TABLE 1).

Manual muscle tests34 of the right
middle and lower trapezius indicated
weakness of the muscles that upwardly
rotate the scapula. This finding is consis-

tent with the insufficient scapular upward
rotation noted during shoulder flexion
in standing.30 During the testing of the
middle trapezius muscle, the patient-pre-
ferred movement pattern was excessive
glenohumeral joint horizontal abduction
rather than scapulothoracic adduction
and posterior tilt. This movement pattern
is consistent with a proposed diagnosis of
humeral anterior glide.60

Flexibility and Range of motion Muscle
length tests of the pectoralis minor, teres
major, latissimus dorsi, and pectoralis
major were tested in supine, as described
by Kendall et al34 and Sahrmann.60

Short pectoralis minor and teres major
muscles were identified. The finding of
a short pectoralis minor was consistent
with the alignment of an anteriorly tilted
scapula.8 A short pectoralis minor may
contribute to insufficient scapular up-
ward rotation during shoulder flexion
and insufficient scapular posterior tilt9

during the functional motion of reach-
ing out to the side.

Shoulder medial rotation and horizon-
tal adduction in supine were performed
to assess the length of the posterior struc-
tures of the glenohumeral joint.41,56,71,77

The posterior structures include the pos-
terior deltoid, infraspinatus, teres mi-
nor, and the posterior capsule.41,53,56,71,77

Shortness of the posterior structures of
the shoulder are believed to contribute
to humeral anterior glide by not allowing
sufficient posterior glide during overhead
motions and horizontal adduction.3,28,41,79

The length of the posterior deltoid53 and
glenohumeral joint posterior capsule
were assessed by moving the glenohu-

meral joint into horizontal adduction
while manually stabilizing the scapula.56

Shoulder medial rotation was assessed
as described by Kendall et al34 and Sah-
rmann.60 Both glenohumeral joint medial
rotation and horizontal adduction were
considered limited on the right.

Shoulder lateral rotation was per-
formed in supine with the arm abducted
90° to assess the length of the anterior
structures of the glenohumeral joint. The
anterior glenohumeral joint structures
include the clavicular pectoralis major,
subscapularis, and the anterior capsule.
This patient's shoulder lateral rotation
motion was excessive. Excessive shoulder
lateral rotation may be indicative of laxity
of the anterior structures of the glenohu-
meral joint, potentially allowing exces-
sive anterior translation of the humeral
head during arm movements.1,23,29,49,68

The shortness of the posterior structures
and the laxity of the anterior structures
of the glenohumeral joint are findings
consistent with the proposed MSI diag-
nosis of humeral anterior glide.60 Gle-
nohumeral hypomobility was ruled out
because the criteria for this MSI diagno-
sis is limitation of glenohumeral motion
in all directions.

Diagnosis
The patient was given the primary MSI
diagnosis of humeral anterior glide
and a secondary diagnosis of scapular
downward rotation. The findings from
the history and examination that led to

FIGURE 1. Shoulder horizontal adduction exercise in
supine.

FIGURE 2. Shoulder medial rotation exercise in
supine.

FIGURE 3. Incorrect alignment for shoulder lateral
rotation exercise in prone. The scapula was abducted
and glenohumeral joint was positioned in horizontal
abduction so that the humeral head was not aligned
well with the glenoid cavity.
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these diagnoses included the following:
(1) resting alignment of anterior humeral
head and glenohumeral joint extension,
(2) excessive anterior humeral head posi-
tion during active shoulder flexion that
produced pain and was alleviated when
a posteriorly directed force was applied,
(3) insufficient scapular upward rotation
during active shoulder flexion that pro-
duced pain and decreased when scapular
rotation was corrected, (4) a reduction of
pain that was greater with the applica-
tion of a posterior force to the head of
the humerus than the reduction of pain
with the correction of scapular upward
rotation, (5) excessive glenohumeral
joint movement relative to scapulotho-
racic movement during scapular adduc-
tion and posterior tilt with horizontal
abduction, and pain that was reduced by
decreasing the amount of glenohumeral
relative to scapulothoracic movement,
(6) limited passive shoulder medial ro-
tation and horizontal adduction range
of motion, (7) excessive passive shoul-
der lateral rotation, and (8) a movement
pattern of humeral anterior glide and
excessive activity of the posterior del-
toid during prone lateral rotation, with
a decrease in pain by correction of the

humeral anterior glide.
Factors believed to be contributing

to the movement impairments were (1)
short pectoralis minor9 and posterior
structures of the glenohumeral joint, and
(2) weakness of the middle and lower tra-
pezius and serratus anterior muscles.30,39

Treatment
Based on the MSI diagnosis, the patient
was educated to avoid positions and
movements that promoted excessive
humeral anterior glide and to increase
scapular upward rotation with overhead
motions. Treatment consisted of instruc-
tion in a home exercise program (HEP),
practice correcting functional move-
ments, and patient education. Practice of
the modified movement patterns during
functional activities was incorporated
into the treatment sessions and HEP. The
patient was educated regarding how to
increase scapular upward rotation during
overhead motions, scapular adduction,
and posterior tilt during horizontal ab-
duction motions, and to avoid prolonged
positions with the glenohumeral joint in
extension. The patient was cued to el-
evate the acromion to increase scapular
upward rotation, especially in the last
half of overhead movement. Manual as-
sistance was provided during the learning

process to increase scapular upward rota-
tion during overhead motions, scapular
adduction and posterior tilt during hori-
zontal abduction, and to avoid excessive
anterior positioning or movement of the
humeral head. The exercises were per-
formed initially without resistance. Resis-
tance was added when the exercise could
be performed without pain, maintaining
the modified alignment and performing
the modified movement pattern. During
each visit, the pain-provoking functional
activities were simulated, observed, cor-
rected, and practiced. The patient was
consistently able to move without pain if
the movement pattern was modified. She
was told that none of the exercises should
produce or increase her pain.
Home Exercise Program Passive shoul-
der horizontal adduction and shoul-
der medial rotation were prescribed to
increase the flexibility of the posterior
deltoid, shoulder lateral rotators, and
glenohumeral joint posterior capsule
(FIGURES 1 and 2).3,28,41,72,80

Active shoulder lateral rotation in
prone was prescribed to teach the patient
to rotate without excessive anterior glide,
while keeping the scapula stationary. FIG-

URE 3 displays the incorrect positioning
for the exercise and FIGURE 4 the correct
position. Correct positioning is believed
to increase the recruitment of the infra-
spinatus and teres minor, and to decrease
recruitment of the posterior deltoid.

Active shoulder medial rotation in
prone was initiated to improve the per-
formance of the subscapularis, which
helps to prevent humeral anterior trans-

FIGURE 4. Correct alignment and instructions for
movement for shoulder lateral and medial rotation
exercises in prone. A towel roll was placed under the
anterior aspect of the glenohumeral joint so that the
scapula was aligned on thorax approximately 7.62
cm from the spine, and the humerus was aligned in
the scapular plane. This is believed to promote good
alignment of the humerus with the glenoid cavity.
During the exercise the patient was instructed to
rotate the humerus on an axis, avoiding lifting the
elbow (horizontal abduction) and moving the head
of the humerus anteriorly against the towel roll. The
patient was instructed to keep the scapula stable
during the humeral movement.

FIGURE 5. Middle trapezius exercise in prone. The
patient was positioned prone with a pillow under
the chest and abdomen and a towel roll under the
forehead. The head was positioned in midline. The
arms were positioned overhead so that the shoulder
was abducted greater than 90º and the humerus in
lateral rotation maintaining the scapula in an upwardly
rotated position. The elbows were flexed to decrease
resistance. The patient was instructed to adduct
the scapula and lift the arms off the surface without
horizontal abduction of the glenohumeral joint.

FIGURE 6. Starting position for serratus anterior
exercise in quadruped. The back should be flat,
hips aligned vertically over knees, hips flexed 90º,
vertebral border of scapulae flat against thorax.
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lation (FIGURE 4).3,22,25,68,69 Later, resistance
exercises for medial rotation in prone and
in standing were added.

Exercises were prescribed for strength-
ening the middle trapezius and the serra-
tus anterior to improve upward rotation
of the scapula. An exercise in prone was

prescribed for the middle trapezius and
in quadruped for the serratus anterior
(FIGURES 5 through 7). Shoulder flexion
performed with the back to the wall was
prescribed to facilitate activity of the tra-
pezius and serratus at the correct length
during arm elevation. We have observed
that the sensory feedback provided by
contact with the wall facilitates maintain-
ing correct alignment (FIGURE 8).

The patient was instructed in an ex-
ercise to stretch the pectoralis minor be-
cause shortness may prevent sufficient
scapular upward rotation and posterior
tilt (FIGURE 9).9

TABLE 4 provides information about
timing and progression of the prescribed
exercises.

FIGURE 7. Serratus anterior exercise rocking back in
quadruped. The patient was instructed to rock back
as far as possible allowing her hands to slide forward
so that the scapula moved through the full range of
scapular upward rotation.

FIGURE 8. Shoulder flexion exercise in standing with
back against the wall. The patient was instructed
to stand with her trunk resting against the wall and
her heels 5.08 to 7.62 cm from the wall. The lumbar
spine should be flat. Because the patient was unable
to flatten the lumbar spine with the heels 5.08 to
7.62 cm from the wall, the feet were moved farther
from the wall and the hips and knees flexed until the
desired lumbar spine alignment could be achieved.
The patient was then instructed to raise her arms
overhead in the sagittal plane, sliding her fingertips
up the wall as far as possible, while maintaining the
correct spinal alignment.

FIGURE 9. Pectoralis minor stretching exercise in
supine. The patient was instructed to relax while
the therapist placed the palm of her hands over the
coracoid processes and applied a force diagonally in
a posterior, lateral, and superior direction opposite
the direction of the muscle fibers of the pectoralis
minor. The force was applied bilaterally to avoid
any rotation of the patient’s trunk. The patient
was instructed to have a partner help her with this
exercise at home.

TABLE 4
Specific Exercises Included in

Home Exercise Program

Abbreviations: LR, lateral rotation of shoulder; MR, medial rotation of shoulder; ROM,
range of motion.

Visit 1 (4/10/02) Visit 2 (4/23/02) Visit 3 (5/7/02) Visit 4 (5/22/02)

Supine passive Continued Continued Continued
horizontal adduction

Supine shoulder MR Not documented Not documented Continue (increased
ROM to 55º)

Supine pectoralis Continued Continued
minor stretch

Prone active middle Progressed to using Patient had not added Continue same
trapezius with 0.17-kg weight weight, so instructed
elbows flexed to add 0.17-kg weight

Prone active shoulder LR Progressed to using Progressed weight Continue same
a 0.45-kg weight to 0.9 kg

Standing active shoulder Continued Cued to correct anterior Continue: no problems
flexion with back to glide on return from with exercise
wall shoulder flexion and

added resistance with
yellow Thera-Band

Quadruped rocking back Progressed to resistance
by self via active knee
extension into table

Prone active medial Worked on alignment/ Progressed to using
rotation positioning during 0.45-kg weight.

exercise. No weight Provided cues for
added because patient positioning
getting pain if not
positioned very carefully.
Needed cues for
positioning

Resisted shoulder MR in
standing with humerus
adducted using yellow
Thera-Band and with
careful alignment (elbow
in front of shoulder)
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Specific Functional Activities The pa-
tient was given instructions to support
her right arm on pillows when sleeping
on her left side, to maintain the cor-
rect alignment of the shoulder. The pa-
tient was cued to increase the amount
of scapular adduction and posterior
tilt and decrease the amount of gleno-
humeral horizontal abduction during
reaching into the passenger seat of the
car. She was cued to increase scapular
upward rotation and keep the humerus
in the scapular plane during use of the
curling iron.

Suggestions were made to avoid exces-
sive glenohumeral horizontal abduction
or extension and to increase the amount
of scapular upward rotation with over-
head movements used during her fitness
activities. The suggestion was made that
the patient ride a regular bicycle rather
than the Aerodyne, because the Aerodyne
requires repetitive motion of the gleno-
humeral joint into extension.

OUTCOMES

O
utcome measures included (1)
a visual analogue pain scale to
measure pain intensity at rest and

with the use of her right arm, (2) patient
report of overall percentage decrease in
pain from first physical therapy visit, (3)
frequency of pain with painful functional
activities, (4) range of motion of passive
shoulder medial rotation and horizontal
adduction, and (5) strength of the scapu-
lar muscles. TABLE 5 provides the outcome
measures across the treatment period.

No formal measure of compliance was
used during the treatment of this patient.
However, the patient appeared to be
compliant, based on her performance of
the HEP upon request during the physi-
cal therapy sessions.

The patient was contacted by phone
twice after discharge from treatment and
was given a standardized 5-item written
questionnaire to measure long-term out-

comes. Three of the items on the ques-
tionnaire related to pain intensity and
presence of pain with movements or
functional activities. The remaining 2
items related to whether the patient was
performing the HEP and consciously
modifying her functional movements.

The patient was seen every other week
for a total of 4 sessions. By the last visit,
the patient was pain free at rest, with turn-
ing off the alarm clock, and upon awaken-
ing in the morning. She still reported pain
with use of her curling iron. Shoulder
medial rotation had increased from 40°
to 55°, and horizontal adduction was con-
sidered normal and pain free. The patient
called 1 month after discharge stating that
her shoulder continued to be pain free
at rest, with turning off the alarm clock,
and upon awakening in the morning. She
reported 95% improvement in her pain
compared to the first visit. One hundred
percent improvement was defined as no
longer having any shoulder pain at rest

TABLE 5 Measures of Treatment Outcome*

Abbreviations: MR, medial rotation; ROM, range of motion.
* Verbal pain scale: 0 to 10, with 0 as no pain present and 10 as the worst pain imaginable.54

† Medial rotation range of motion of shoulder measured in supine with humerus abducted 90̊ .
‡ Assessed passively supine with the scapula stabilized manually by the examiner. This was considered limited if the olecranon did not move past midline.
§ Tested as described by Kendall et al.34 Scoring scale: 5/5, normal strength; 4/5, able to hold against moderate resistance; 3+/5, able to hold against minimal
resistance; 3/5 able to hold against gravity but not against additional minimal resistance applied manually.

Questionnaire
Visit 1 Visit 2 Visit 3 Visit 4 Phone Call Phone Call Questionnaire and Final Measures Questionnaire

Measure (4/10/02) (4/23/02) (5/7/02) (5/22/02) (6/19/02) (8/5/02)  (10/13/02) (10/25/02)  (8/31/05)

Pain*

With use 6/10 5/10 0/10 0/10 0/10 0/10

At rest 1/10 1-2/10 0/10 0/10 0/10 0/10 0/10

Turning off alarm clock Painful Minimal pain Pain free Pain free Pain free Pain free Pain free Pain free Pain free

Upon awakening Painful Improved Pain free Pain free Pain free Pain free Pain free Pain free Pain free

Using curling iron Painful Painful 7/10 pain Painful Pain free Pain free Pain free Pain free

Work and fitness Pain free Pain free Pain free Pain free

Percent decreased N/A 70%-75% 85% 95% 100% 100% 100% 100%

Shoulder ROM

MR† 40º 55º

Horizontal adduction‡ Limited, painful Normal, no pain Normal, no pain

Strength§

Serratus anterior 4/5, painful 4/5

Middle trapezius 3/5 3+/5

Lower trapezius 3/5 3+/5

Rhomboid 5/5 5/5
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and during or after work, fitness, or activi-
ties of daily living. She was pleased with
the results of the physical therapy and
did not feel like she needed further treat-
ment. As a result, some of the outcome
measures were not retested at the time of
the last physical therapy visit.

The second written questionnaire was
administered in person. Upon request,
the patient consented to come in to ob-
tain photographs and final measures,
including manual muscle testing, tests
for soft tissue differential diagnosis, and
range of motion. At this time, the patient
was performing all activities that she per-
formed prior to her episode of shoulder
pain without pain.

Three years postdischarge the patient
completed a third questionnaire. At this
time, the patient still reported that her
shoulder was pain free and she was per-
forming all activities that she performed
prior to this episode of shoulder pain. She
was no longer performing the prescribed
home exercises but continued to modify
her movement pattern during functional
activities.

DISCUSSION

W
e have proposed that physi-

cal therapists identify the MSI
diagnosis to select the most ef-

fective and efficient treatment for the
patient. The MSI diagnosis assigned to
our patient was humeral anterior glide
with scapular downward rotation. The
diagnosis extends beyond a list of impair-
ments in that it identifies the primary
movement impairment that provoked the
patient's shoulder pain and describes the
contributing impairments such as align-
ment and tissue adaptations. In this way
the MSI diagnosis describes a syndrome.
The patient was instructed in methods of
modifying the movement patterns that
had been identified as contributing to her
shoulder pain. She practiced the modi-
fications during her home exercises and
functional activities until the movements
could be performed correctly and with-
out pain. The MSI diagnosis specifically

guided the treatment, resulting in positive
short- and long-term outcomes. Patients
with a diagnosis of impingement have a
variety of different movement impair-
ments.60 Depending on the type of scapu-
lar or humeral movement impairment,
the treatment provided to the patient
would vary.60 We are proposing that the
same exercises are not equally effective
across all the movement-based diagnos-
tic categories, nor for all patients with a
diagnosis of impingement. Of importance
in this case was the differential MSI diag-
nosis for the shoulder region (TABLE 1).

Diagnostic Systems for Patients With
Shoulder Pain
To our knowledge no other shoulder pain
diagnostic classification systems have been
described that specifically guide physical
therapy intervention. The Guide to Physi-
cal Therapy Practice2 describes “patient
diagnostic classifications” and options for
care. The classifications are named for the
“preferred practice patterns” for various
conditions.2 These practice patterns have
served as an important resource. The MSI
diagnostic categories, however, add a level
of specificity for treatment not currently
provided by the patient diagnostic clas-
sifications in The Guide.

Some investigators have documented
relationships between movement pat-
terns and shoulder pain in patients with
the physician’s diagnosis of shoulder im-
pingement.32,41,39,43,78 These investigators
selected subjects based on the physician’s
diagnosis of impingement and were com-
pared to healthy control subjects rather
than differentiating shoulder conditions
according to specific movement-system
impairments. Ludewig and Cook39 found
that decreased scapular posterior tilt, de-
creased upward rotation, and increased
scapular internal rotation are related to
shoulder impingement. Jobe and Kvitne33

and Ludewig and Cook41 have provided
evidence to suggest that patients with
impingement may have more humeral
anterior glide than control subjects. The
findings in our patient seem consistent
with the fact that some patients with im-

pingement may have increased humeral
anterior glide and decreased scapular
upward rotation.

MSI Theory
The theory underlying the approach to
examination and treatment used in our
case proposes that the patient's pre-
ferred movement pattern is the cause of
the patient's pain for 2 reasons: (a) the
movement pattern is associated with
symptoms, and (b) when the movement
is modified the pain is alleviated.60 In this
case, the scapular and humeral movement
impairments are believed to decrease the
subacromial space,36,39,48,65 increasing the
wear and tear on the structures within
the space. We hypothesize that correction
of the patient's alignment and movement
pattern will increase the subacromial
space and thus remove the cause of the
tissue irritation. The treatment of the pa-
tient in our case focused on correction of
the movement impairments of both the
scapula and the humerus.

Reliability and Validity of the Examination
and Diagnostic Categories
Reliability and validity have been estab-
lished for parts of the clinical examination
used in this case, including (1) manual
muscle testing,19 (2) goniometric measure-
ment of range of motion,44,59 and (3) test-
ing the length of the posterior deltoid.53

Reliability and validity have not yet
been established for many of the other
judgments made during the tests of align-
ment and movement used in this clinical
examination. Borstad8 questioned the va-
lidity of the supine test for assessing the
length of the pectoralis minor used in this
case. Our proposed diagnostic categories
have also not yet been tested for validity.
Therefore, it is possible that another ther-
apist might not agree with the findings or
the diagnostic category assigned in this
case. Planning for future studies related
to these issues is in progress.

Treatment
Impairments such as decreased strength
or shortened muscles may contribute to
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functional limitations, therefore these
were addressed in the patient's HEP.24

For example, short lateral rotators and
posterior deltoid muscles and poste-
rior capsule28 are thought to contribute
to humeral anterior glide during over-
head arm motions.41 Specific exercises to
stretch these structures were prescribed
(FIGURES 1 and 2). Others also recommend
stretching of the posterior structures of
the glenohumeral joint for the patient
with shoulder impingement.5,12,38,46,70,79

To improve muscle performance we
first correct the alignment and movement
pattern so that the pain is alleviated. In
our experience, this is often accom-
plished initially by decreasing, instead of
increasing, the load on the muscle. Once
the movement pattern is corrected, re-
sistance is gradually increased. Various
investigators have demonstrated benefi-
cial effects of different aspects of training
on muscle activation.4,10,47,67,73,81 However,
none of these studies have examined the
benefit of muscle activation at a certain
muscle length and correlated that with
pain reduction during the movement.

A common exercise we prescribe to
correct scapular downward rotation is
shoulder flexion in standing with the back
against the wall (FIGURE 8).60 The purpose
of the exercise is to improve the perfor-
mance of the serratus anterior, and upper
and lower trapezius as upward rotators
of the scapula with shoulder flexion. The
strength grades of our patient's right ser-
ratus anterior and lower trapezius were
4/5 and 3/5, respectively, as defined by
Kendall et al.34 In theory, a muscle with a
strength grade of 3/5 should be capable
of moving a joint through the full range
of motion against gravity.34 Therefore, we
believe that strength alone does not ex-
plain our patient's pattern of movement.
Our patient had insufficient scapular up-
ward rotation and pain that was partially
relieved by modification of the scapular
movement in the last half of the shoulder
flexion range of motion. Our patient prac-
ticed modifying her scapular movement
in the last half of the shoulder flexion
range of motion, instead of strengthening

the muscles. The elbow is flexed to de-
crease the load on the muscles, making it
easier for the person to correctly perform
the modified scapular movement pattern.
There is evidence for prescribing specific
exercises for improving the performance
of the trapezius and serratus anterior,
based on EMG data.22,39,42,52,62 However,
we do not believe that performance of
exercises based solely on EMG data will
necessarily result in correction of the
movement pattern.

Other perceived key exercises pre-
scribed were exercises to improve the
performance of the rotator cuff muscles,
both medial and lateral rotators (FIGURES

3 and 4). The purpose of these exercises
was to correct the anterior position and
movement of the humeral head. Our
initial emphasis was on maintaining the
correct alignment of the humerus relative
to the scapula and the scapula relative to
the trunk during active shoulder rota-
tion exercises, instead of strengthening
muscles. We believe that performing ro-
tation exercises maintaining the correct
alignment facilitates recruitment of the
infraspinatus and teres minor instead of
the posterior deltoid muscle. This should
minimize humeral anterior glide during
shoulder lateral rotation. Maintaining
the correct scapular alignment during
the rotation exercises is also thought to
be important to maintaining the correct
length tension capabilities of the rota-
tor cuff muscles.12 A load was added to
the exercise when the patient was able to
perform the modified shoulder rotation
movement pattern without pain.

Addressing the repetitive functional
activities or prolonged postures that are
believed to cause impairments of the
movement system is considered more
important than addressing specific im-
pairments, such as short or weak muscles,
with a HEP.60 We believe that these ac-
tivities must be modified to achieve long-
term benefits from treatment. A primary
focus of the physical therapy treatment in
our case, therefore, was correction of the
movement impairments noted during the
functional activities that produced the pa-

tient's pain. Our patient reported that her
right shoulder continued to be pain free 3
years after discharge from treatment. She
reported that she no longer performed
the home exercises that were prescribed,
but that she continued to consciously
modify her movements during functional
activities. Others have described success-
ful treatment outcomes with functional
training as applied to the patient with low
back pain based on the MSI model.27,45,75

Outcomes
The patient in this case appeared to re-
spond favorably to the treatment provid-
ed. It is possible that the patient would
have recovered spontaneously. The natu-
ral history of shoulder pain is unclear.63

The fact that this episode, however, had
lasted 2 months and was reported as
worsening until the initiation of physi-
cal therapy treatment increases the po-
tential value of the described treatment.
One case is not sufficient, however, to
establish a cause-and-effect relationship
between intervention and outcomes. Use
of a standardized functional outcome
measure would have enhanced the cred-
ibility of the outcomes in this case. Some
studies have been completed, providing
evidence to support the use of exercise
to treat shoulder pain, but these studies
have not examined the exercise approach
used in this case.11,21,20,38,51,76

This report illustrated the use of a MSI
diagnosis for physical therapy, the treat-
ment of a patient with shoulder impinge-
ment based on the assigned diagnosis,
and the outcomes of treatment. The pa-
tient in our case had positive short- and
long-term outcomes with the described
treatment. Prospective, randomized con-
trolled trials should be done to test the
efficacy of the physical therapy treatment
used in this case.

ACKNOWLEDGEMENTS

The authors would like to thank

Barbara J. Norton, PT, PhD, FAPTA
for her support and contributions to
this paper.



562  |  september 2007  |  volume 37  |  number 9  |  journal of orthopaedic & sports physical therapy

[ CASE REPORT ]

REFERENCES

1. Alberta FG, Elattrache NS, Mihata T, McGarry
MH, Tibone JE, Lee TQ. Arthroscopic antero-
inferior suture plication resulting in decreased
glenohumeral translation and external rotation.
Study of a cadaver model. J Bone Joint Surg
Am. 2006;88:179-187.

2. American Physical Therapy Association. Guide
to Physical Therapist Practice. Second Edition.
Phys Ther. 2001;81:9-746.

3. Arroyo JS, Hershon SJ, Bigliani LU. Special
considerations in the athletic throwing shoulder.
Orthop Clin North Am. 1997;28:69-78.

4. Babyar SR. Excessive scapular motion in indi-
viduals recovering from painful and stiff shoul-
ders: causes and treatment strategies. Phys
Ther. 1996;76:226-238; discussion 239-247.

5. Bang MD, Deyle GD. Comparison of supervised
exercise with and without manual physical
therapy for patients with shoulder impinge-
ment syndrome. J Orthop Sports Phys Ther.
2000;30:126-137.

6. Bigliani LU, Levine WN. Subacromial impinge-
ment syndrome. J Bone Joint Surg Am.
1997;79:1854-1868.

7. Boenisch U, Lembcke O, Naumann T. Classifica-
tion, clinical findings and operative treatment
of degenerative and posttraumatic shoulder
disease: what do we really need to know from
an imaging report to establish a treatment strat-
egy? Eur J Radiol. 2000;35:103-118.

8. Borstad JD. Resting position variables at the
shoulder: evidence to support a posture-impair-
ment association. Phys Ther. 2006;86:549-557.

9. Borstad JD, Ludewig PM. The effect of long
versus short pectoralis minor resting length on
scapular kinematics in healthy individuals. J
Orthop Sports Phys Ther. 2005;35:227-238.

10. Brindle TJ, Nitz AJ, Uhl TL, Kifer E, Shapiro R.
Measures of accuracy for active shoulder move-
ments at 3 different speeds with kinesthetic
and visual feedback. J Orthop Sports Phys Ther.
2004;34:468-478.

11. Brox JI, Gjengedal E, Uppheim G, et al. Ar-
throscopic surgery versus supervised exercises
in patients with rotator cuff disease (stage II
impingement syndrome): a prospective, ran-
domized, controlled study in 125 patients with
a 2 1/2-year follow-up. J Shoulder Elbow Surg.
1999;8:102-111.

12. Budoff JE. The etiology of rotator cuff disease
and treatment of partial-thickness pathology.
JASSH. 2005;5:139-152.

13. Caldwell JS, McNair PJ, Williams M. The effects
of repetitive motion on lumbar flexion and
erector spinae muscle activity in rowers. Clin
Biomech (Bristol, Avon). 2003;18:704-711.

14. Calis M, Akgun K, Birtane M, Karacan I, Calis H,
Tuzun F. Diagnostic values of clinical diagnostic
tests in subacromial impingement syndrome.
Ann Rheum Dis. 2000;59:44-47.

15. Chard MD, Hazleman R, Hazleman BL, King

RH, Reiss BB. Shoulder disorders in the el-
derly: a community survey. Arthritis Rheum.
1991;34:766-769.

16. Codine P, Bernard PL, Pocholle M, Benaim C,
Brun V. Influence of sports discipline on shoul-
der rotator cuff balance. Med Sci Sports Exerc.
1997;29:1400-1405.

17. Cools AM, Witvrouw EE, Declercq GA, Danneels
LA, Cambier DC. Scapular muscle recruitment
patterns: trapezius muscle latency with and
without impingement symptoms. Am J Sports
Med. 2003;31:542-549.

18. Crockett HC, Gross LB, Wilk KE, et al. Osseous
adaptation and range of motion at the glenohu-
meral joint in professional baseball pitchers. Am
J Sports Med. 2002;30:20-26.

19. Florence JM, Pandya S, King WM, et al. Intra-
rater reliability of manual muscle test (Medical
Research Council scale) grades in Duchenne's
muscular dystrophy. Phys Ther. 1992;72:115-122;
discussion 122-116.

20. Ginn KA, Cohen ML. Exercise therapy for shoul-
der pain aimed at restoring neuromuscular
control: a randomized comparative clinical trial.
J Rehabil Med. 2005;37:115-122.

21. Ginn KA, Herbert RD, Khouw W, Lee R. A ran-
domized, controlled clinical trial of a treatment
for shoulder pain. Phys Ther. 1997;77:802-809;
discussion 810-801.

22. Glousman R, Jobe F, Tibone J, Moynes D, An-
tonelli D, Perry J. Dynamic electromyographic
analysis of the throwing shoulder with gle-
nohumeral instability. J Bone Joint Surg Am.
1988;70:220-226.

23. Grossman MG, Tibone JE, McGarry MH, Sch-
neider DJ, Veneziani S, Lee TQ. A cadaveric
model of the throwing shoulder: a possible etiol-
ogy of superior labrum anterior-to-posterior le-
sions. J Bone Joint Surg Am. 2005;87:824-831.

24. Guccione AA. Physical therapy diagnosis and
the relationship between impairments and func-
tion. Phys Ther. 1991;71:499-503; discussion
503-494.

25. Habermeyer P, Magosch P, Pritsch M, Scheibel
MT, Lichtenberg S. Anterosuperior impingement
of the shoulder as a result of pulley lesions:
a prospective arthroscopic study. J Shoulder
Elbow Surg. 2004;13:5-12.

26. Hall CM, Brody LT. Therapeutic Exercise: Moving
Toward Function. Philadelphia, PA: Lippincott
Williams & Wilkins; 1999.

27. Harris-Hayes M, Van Dillen LR, Sahrmann SA.
Classification, treatment and outcomes of a
patient with lumbar extension syndrome. Phys-
iother Theory Pract. 2005;21:181-196.

28. Harryman DT, 2nd, Sidles JA, Clark JM, Mc-
Quade KJ, Gibb TD, Matsen FA, 3rd. Translation
of the humeral head on the glenoid with passive
glenohumeral motion. J Bone Joint Surg Am.
1990;72:1334-1343.

29. Huffman GR, Tibone JE, McGarry MH, Phipps
BM, Lee YS, Lee TQ. Path of glenohumeral ar-
ticulation throughout the rotational range of mo-
tion in a thrower's shoulder model. Am J Sports
Med. 2006;34:1662-1669.

30. Inman VT, Saunders JB, Abbott LC. Observa-
tions of the function of the shoulder joint. 1944.
J Bone Joint Surg Am. 1996:3-12.

31. Jette AM. Physical disablement concepts for
physical therapy research and practice. Phys
Ther. 1994;74:380-386.

32. Jobe CM. Superior glenoid impingement.
Current concepts. Clin Orthop Relat Res.
1996:98-107.

33. Jobe FW, Kvitne RS, Giangarra CE. Shoulder
pain in the overhand or throwing athlete. The
relationship of anterior instability and rotator
cuff impingement. Orthop Rev. 1989;18:963-975.

34. Kendall FP, McCreary EK, Provance PG. Muscles:
Testing and Function. Baltimore, MD: Williams &
Wilkins; 1993.

35. Kent BE. Functional anatomy of the shoulder
complex. A review. Phys Ther. 1971;51:867-888.

36. Kibler WB. The role of the scapula in ath-
letic shoulder function. Am J Sports Med.
1998;26:325-337.

37. Kisner C, Colby LA. Therapeutic Exercise: Foun-
dations and Techniques. Philadelphia, PA: F.A.
Davis Company; 1996.

38. Ludewig PM, Borstad JD. Effects of a home
exercise programme on shoulder pain and
functional status in construction workers. Occup
Environ Med. 2003;60:841-849.

39. Ludewig PM, Cook TM. Alterations in shoulder
kinematics and associated muscle activity in
people with symptoms of shoulder impinge-
ment. Phys Ther. 2000;80:276-291.

40. Ludewig PM, Cook TM, Nawoczenski DA. Three-
dimensional scapular orientation and muscle
activity at selected positions of humeral eleva-
tion. J Orthop Sports Phys Ther. 1996;24:57-65.

41. Ludewig PM, Cook TM. Translations of the
humerus in persons with shoulder impinge-
ment symptoms. J Orthop Sports Phys Ther.
2002;32:248-259.

42. Ludewig PM, Hoff MS, Osowski EE, Meschke
SA, Rundquist PJ. Relative balance of serratus
anterior and upper trapezius muscle activity
during push-up exercises. Am J Sports Med.
2004;32:484-493.

43. Lukasiewicz AC, McClure P, Michener L, Pratt
N, Sennett B. Comparison of 3-dimensional
scapular position and orientation between sub-
jects with and without shoulder impingement.
J Orthop Sports Phys Ther. 1999;29:574-583;
discussion 584-576.

44. MacDermid JC, Chesworth BM, Patterson S,
Roth JH. Intratester and intertester reliability
of goniometric measurement of passive lateral
shoulder rotation. J Hand Ther. 1999;12:187-192.

45. Maluf KS, Sahrmann SA, Van Dillen LR. Use of a
classification system to guide nonsurgical man-
agement of a patient with chronic low back pain.
Phys Ther. 2000;80:1097-1111.

46. McClure PW, Bialker J, Neff N, Williams G, Kar-
duna A. Shoulder function and 3-dimensional
kinematics in people with shoulder impinge-
ment syndrome before and after a 6-week
exercise program. Phys Ther. 2004;84:832-848.

47. McLean L. The effect of postural correction on



journal of orthopaedic & sports physical therapy  |  volume 37  |  number 9  |  september 2007  | 563

muscle activation amplitudes recorded from the
cervicobrachial region. J Electromyogr Kinesiol.
2005;15:527-535.

48. Michener LA, McClure PW, Karduna AR. Ana-
tomical and biomechanical mechanisms of sub-
acromial impingement syndrome. Clin Biomech
(Bristol, Avon). 2003;18:369-379.

49. Mihata T, Lee Y, McGarry MH, Abe M, Lee TQ.
Excessive humeral external rotation results in
increased shoulder laxity. Am J Sports Med.
2004;32:1278-1285.

50. Morrey BF, An K. Biomechanics of the shoulder.
In: Rockwood CAJ, Matsen FAI, eds. The Shoul-
der. Philadelphia, PA: W.B. Saunders; 1990.

51. Morrison DS, Frogameni AD, Woodworth P.
Non-operative treatment of subacromial im-
pingement syndrome. J Bone Joint Surg Am.
1997;79:732-737.

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

53. Muraki T, Aoki M, Uchiyama E, Murakami G,
Miyamoto S. The effect of arm position on
stretching of the supraspinatus, infraspinatus,
and posterior portion of deltoid muscles: a
cadaveric study. Clin Biomech (Bristol, Avon).
2006;21:474-480.

54. Murphy DM, McDonald A, Power C, Unwin A,
MacSullivan R. Measurement of pain: A com-
parison of the visual analogue with a nonvisual
analogue scale. Clin J Pain. 1988;3:197-199.

55. Neumann DA. Kinesiology of the Musculoskel-
etal System: Foundations for Physical Rehabili-
tation. St Louis, MO: Mosby; 2002.

56. Pappas AM, Zawacki RM, McCarthy CF. Reha-
bilitation of the pitching shoulder. Am J Sports
Med. 1985;13:223-235.

57. Pieper HG. Humeral torsion in the throwing
arm of handball players. Am J Sports Med.
1998;26:247-253.

58. Pollock RG, Wang VM, Bucchieri JS, et al. Effects
of repetitive subfailure strains on the mechani-
cal behavior of the inferior glenohumeral liga-
ment. J Shoulder Elbow Surg. 2000;9:427-435.

59. Riddle DL, Rothstein JM, Lamb RL. Goniometric
reliability in a clinical setting. Shoulder mea-
surements. Phys Ther. 1987;67:668-673.

60. Sahrmann SA. Diagnosis and Treatment of
Movement Impairment Syndromes. St Louis,
MO: Mosby; 2002.

61. Scannell JP, McGill SM. Lumbar posture—should

it, and can it, be modified? A study of pas-
sive tissue stiffness and lumbar position
during activities of daily living. Phys Ther.
2003;83:907-917.

62. Scovazzo ML, Browne A, Pink M, Jobe FW, Ker-
rigan J. The painful shoulder during freestyle
swimming. An electromyographic cinemato-
graphic analysis of twelve muscles. Am J Sports
Med. 1991;19:577-582.

63. Smith DL, Campbell SM. Painful shoulder
syndromes: diagnosis and management. J Gen
Intern Med. 1992;7:328-339.

64. Sobush DC, Simoneau GG, Dietz KE, Levene JA,
Grossman RE, Smith WB. The lennie test for
measuring scapular position in healthy young
adult females: a reliability and validity study. J
Orthop Sports Phys Ther. 1996;23:39-50.

65. Solem-Bertoft E, Thuomas KA, Westerberg
CE. The influence of scapular retraction and
protraction on the width of the subacromial
space. An MRI study. Clin Orthop Relat Res.
1993:99-103.

66. Stevenson JH, Trojian T. Evaluation of shoulder
pain. J Fam Pract. 2002;51:605-611.

67. Swanik KA, Lephart SM, Swanik CB, Lephart SP,
Stone DA, Fu FH. The effects of shoulder plyo-
metric training on proprioception and selected
muscle performance characteristics. J Shoulder
Elbow Surg. 2002;11:579-586.

68. Symeonides PP. The significance of the sub-
scapularis muscle in the pathogenesis of recur-
rent anterior dislocation of the shoulder. J Bone
Joint Surg Br. 1972;54:476-483.

69. Turkel SJ, Panio MW, Marshall JL, Girgis FG.
Stabilizing mechanisms preventing anterior dis-
location of the glenohumeral joint. J Bone Joint
Surg Am. 1981;63:1208-1217.

70. Tyler TF, Nicholas SJ, Roy T, Gleim GW. Quantifi-
cation of posterior capsule tightness and motion
loss in patients with shoulder impingement. Am
J Sports Med. 2000;28:668-673.

71. Tyler TF, Roy T, Nicholas SJ, Gleim GW. Reliability
and validity of a new method of measuring pos-
terior shoulder tightness. J Orthop Sports Phys
Ther. 1999;29:262-269; discussion 270-264.

72. Tytherleigh-Strong G, Hirahara A, Miniaci A.
Rotator cuff disease. Curr Opin Rheumatol.
2001;13:135-145.

73. Uhl TL, Carver TJ, Mattacola CG, Mair SD, Nitz
AJ. Shoulder musculature activation during up-
per extremity weight-bearing exercise. J Orthop
Sports Phys Ther. 2003;33:109-117.

74. Urwin M, Symmons D, Allison T, et al. Estimat-
ing the burden of musculoskeletal disorders in
the community: the comparative prevalence of
symptoms at different anatomical sites, and the
relation to social deprivation. Ann Rheum Dis.
1998;57:649-655.

75. Van Dillen LR, Sahrmann SA, Wagner JM. Clas-
sification, intervention, and outcomes for a per-
son with lumbar rotation with flexion syndrome.
Phys Ther. 2005;85:336-351.

76. Walther M, Werner A, Stahlschmidt T, Woelfel R,
Gohlke F. The subacromial impingement syn-
drome of the shoulder treated by conventional
physiotherapy, self-training, and a shoulder
brace: results of a prospective, randomized
study. J Shoulder Elbow Surg. 2004;13:417-423.

77. Warner JJ, Micheli LJ, Arslanian LE, Kennedy
J, Kennedy R. Patterns of flexibility, laxity, and
strength in normal shoulders and shoulders with
instability and impingement. Am J Sports Med.
1990;18:366-375.

78. Warner JJ, Micheli LJ, Arslanian LE, Kennedy J,
Kennedy R. Scapulothoracic motion in normal
shoulders and shoulders with glenohumeral
instability and impingement syndrome. A study
using Moire topographic analysis. Clin Orthop
Relat Res. 1992:191-199.

79. Wilk KE, Meister K, Andrews JR. Current
concepts in the rehabilitation of the over-
head throwing athlete. Am J Sports Med.
2002;30:136-151.

80. Wirth MA, Basamania C, Rockwood CA, Jr.
Nonoperative management of full-thickness
tears of the rotator cuff. Orthop Clin North Am.
1997;28:59-67.

81. Wise MB, Uhl TL, Mattacola CG, Nitz AJ, Kibler
WB. The effect of limb support on muscle activa-
tion during shoulder exercises. J Shoulder Elbow
Surg. 2004;13:614-620.

82. Woodward TW, Best TM. The painful shoulder:
part I. Clinical evaluation. Am Fam Physician.
2000;61:3079-3088.

83. Woodward TW, Best TM. The painful shoulder:
part II. Acute and chronic disorders. Am Fam
Physician. 2000;61:3291-3300.

@ MORE INFORMATION
WWW.JOSPT.ORG



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 100
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 300
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 300
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e5c4f5e55663e793a3001901a8fc775355b5090ae4ef653d190014ee553ca901a8fc756e072797f5153d15e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc87a25e55986f793a3001901a904e96fb5b5090f54ef650b390014ee553ca57287db2969b7db28def4e0a767c5e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ENU (Use these settings to create Adobe PDF documents best suited for on-screen display, e-mail, and the Internet.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020d654ba740020d45cc2dc002c0020c804c7900020ba54c77c002c0020c778d130b137c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor weergave op een beeldscherm, e-mail en internet. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PageMarksFile /RomanDefault
      /PreserveEditing false
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


