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Nonsurgical Treatment of Rotator Cuff Tears
Craig D. Titford. MD and Kevin D. Plancher, MD, MS

Introduction

Rotator cuff injury is common in older patients. In younger
individuals, this injury is associated with a sudden. violent,
cccentric episode. This chapter will discuss a clinical method
to evaluate rotator cuff injuries and explore the benefits of
various imaging studies. Nonsurgical treatment and its indi-
cations with specific rehabilitation protocols and modalities
will also be reviewed.

Patient history and physical examination are of paramount
importance in the diagnosis of rotator cuff pathology. The
purpose of the history is to help the clinician to perform a
directed clinical examination. Likewise. the purpose of the
clinical examination is to redirect the clinician to key points
of the history that will lead to an appropriate treatment.

History

The overwhelming majority of patients with rotator cuff tears
are older than age 40. The incidence of ftull-thickness cuff
tears in patients younger than age 40 is between 2% and 4%.
Assuming that most older individuals are less likely to sustain
a sudden shoulder injury. it can be theorized that most rotator
cuff pathology is a result of repetitive microtrauma. However,
in some studies. more than 60% of patients can recall an exact
incident afier which their shoulder was atfected. Teleologi-
cally. it makes sense then that rotator cuff tears resull from
some macrofraumatic event supcrimposed on age-related
microtrauma to the cuff. In fact. patients with cuff tears usu-
ally have a history of recurrent episodes of “tendinitis™ or
“bursitis.” These transient episodes usually consist of a period
of shoulder soreness that abates following a period of rest,
nonsteroidal anti-inflammatory drug administration, and/or
steroid injection.

The majority of rotator cuff tcars affect the dominant
extremity. Hawkins found the dominant extremity to be
affected 78% of the time. The symptomatology of rotator cuff
pathology is extremely variable. Paticnts with full-thickness
tears may have no signs or symptoms. whereas patients with
small tears may have marked weakness and significant loss of
motion.

Pain. especially with overhead activity. is a frequent com-
plaint of patients with rotator cuff tears. Patients may com-
plain of pain at night with an inability to slecp on the affected
side.

Weakness of the affected shoulder during abduction and
external rotation is another frequent complaint. Full-thickness
tcars may produce crepitus when the supraspinatus is below
the acromion, prompting patients to complain of “crackling.”
Loss of motion is a variable complaint. The ability to assess
true loss of motion versus loss of motion secondary to pain is

very difficult. This important clinical distinction will be dis-
cussed in further detail below.

Physical Examination

The physical examination can be separated into four parts:
gencral inspection, palpation, range ol motion/strength test-
ing, and special tests. None of these components are mutually
exclusive of one another, so the entire physical examination
should flow smoothly.

The astute clinician’s examination begins when the patient

-enters the room. Age, body habitus, and any obvious systemic

discases that may aflect the shoulder should carefully be
noted, The general “attitude™ of the upper extremities should
also be noted. Male patients should remove all clothing ubove
the waist whereas female patients may be gowned 10 a level
just proximal to the breasts. This seemingly trivial point is
very important in preserving the modesty of the female
paticnt, because a tense, uneasy patient is very difficult to
examine. General inspection of the shoulder with a rotator
cuff tcar may reveal a prominence of the scapular spine—an
indication of supraspinatus and/or infraspinatus wasting.
Wasting of the infraspinatus is a frequent finding of a chronic
massive tear, but may also be seen with a less common
suprascapular nerve palsy. Deformity of the biceps muscle
usually indicates a rupture of the long head of the biceps ten-
don. This finding is more pronounced with elbow flexion and
is indicative of a biceps rupture, a condition often associated
with rotator cuff discase.

Palpation over the greater tuberosity may elicit tenderness.
The greater wberosity is casily palpated with the shoulder
extended. allowing it to be free from the cover of the
acromion. Tenderness may be present in the bicipital groove
when there is associated biceps involvement. Attention should
be paid to any tenderness in the region of the acromioclavic-
ular joint because this may help to distinguish cuff pathology
from degenerative disease of the acromioclavicular joint.

Patients with full-thickness cuff tears may have a palpable
detect posteriorly. In a recent study by Lyons and Tomlinson,
rotator cuff tears were divided into four groups according to
the ¢stimated size of the tear as determined by clinical exam-
ination. At surgery, each tear was measured and the results
compared to the preoperative estimate. The investigators con-
cluded that preoperative clinical evaluation of a rotator cuff
defect had a sensitivity of 91% and a specificity of 75%.

Range of motion and strength testing may be carried out
simulianeously. The current recommendation of the American
Shoulder and Elbow Surgeons is that four functionally neces-
sary arcs of motion be recorded: total elevation (forward flex-
ion), external rotation at neutral, external rotation at 90° of
abduction, and internal rotation.
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Fig. 1 A demonstration of the Neer impingement sign. (Copyright
© 1997 Kevin D. Plancher, MD, Bronx, NY.)

Active and passive motion is assessed in these four planes.
The patient is asked to flex the arms in a comfortable plane
that is somewhere between the sagittal and coronal planes.
After maximal active elevation is achieved, passive range is
assessed by stressing the elevated arm into pure forward flex-
ion. The impingement sign as described by Neer is positive if
the patient experiences pain with greater than 120° of forward
flexion (Fig. 1). The cause of true impingement is a result of
the rotator cuff impinging against the anterior edge of the
acromion with forced forward flexion. However, many disor-
ders may present with similar findings. Therefore, to delineate
isolated subacromial impingement, 10 cc of 1% lidocaine is
injected into the subacromial space. The injection may be per-
formed from either anterior or posterior. We prefer an anterior
injection with the patient supine. The needle is placed directly
into the subacromial space in the area of the pathology. An
alternative is to place the needle | cm inferior to the postero-
lateral corner of the acromion, directing the needle toward the
coracoid. The impingement tesi(s) are then repeated. Abate-
ment of pain after injection strongly suggests the diagnosis of
subacromial pathology.

Two other impingement tests have also been described. The
Hawkins sign is performed with the arm flexed 90° and
placed into internal rotation. The rotator cull impinges on the
coracoacromial ligament in this position (Fig. 2). Pain with
this maneuver as described by Hawkins is a positive impinge-
ment sign. A third impingement sign is the painful arc of
motion in the coronal plane with the arms abducted a maxi-
mum of 120° (Fig. 3). The pain is often exacerbated with
added resistance as the supraspinatus is stressed. When all

Fig. 2 Hawkins sign demonstrated with internal rotation in an arm
elevated 90° and forward flexed. (Copyright ® 1997 Kevin D.
Plancher. MD, Bronx, NY.)

Subacromial
Painful Arc

Fig. 3 Diagram showing a painful arc of abduction. (Copyright
© 1997 Kevin D. Plancher, MD, Bronx, NY.)

three signs are positive, the clinician can be certain that a
diagnosis of impingement is appropriate.

External rotation is assessed in both neutral and 90° of
abduction. The rotator cuff contributes only 30% to 40%
of power in forward clevation, bul accounts for 80% to 90%
of external rotation strength. In a retrospective analysis of 100
patients operated on for full-thickness tears, Hawkins and
associates found that shoulder strength in abduction and in
external rotation at neutral were the only variables that had a
statistically significant correlation with the size of the tear.



Other parameters that were correlated were preoperative pain,
motion, and function.

In another recent study by Norwood and associates. 103
patients with known complete rotator cutf tears documented
by arthrography were divided into two groups (those with
single tendon tears and those with multiple tendon tears) to
determine if cuff tear size could be predicted on the basis of
history, physical examination, and radiographic findings.
The patients with single tendon involvement demonstrated
good active abduction and external rotation, measuring 116°
and 61°, respectively. The patients with multiple tendon
tears had an arc of motion of 32° and 36°, respectively. Fur-
thermore, 75% of patients in the single tendon group could
actively abduct the affected shoulder at least 90°, whereas
only 16% of the patients with multiple tendon involvement
could do the same. The difference in the range of abduction
was the only statistically significant parameter between the
physical examination of both groups. Neither pain, tender-
ness, nor weakness were useful in estimating cuff tear size.
Nevaiser. in 1980, found the opposite to be true when he
reported that middle-aged to elderly patients with chronic
symptoms of rotator cuff disease did not have significant
loss of motion.

A battery of special clinical tests help in the diagnosis of
specific cuff pathology. The impingement signs have already
been mentioned. Biceps tendon involvement may be evalu-
ated by the Yergason or Speed tests. Yergason in 1931
described the supination sign, that is, pain localized to the
bicipital groove when the examiner resists active supination
with the elbow flexed to 90° and the forearm pronated. Yer-
gason thought this pain represented wear and tear of the long
head of the biceps. Speed’s test is performed with the shoul-
der flexed. elbow fully extended. and hand supinated. Resis-
tance is applied by the examiner (Fig. 4). Pain in the bicipital
groove is suggestive of biceps pathology.

Jobe described the supraspinatus test in which the arms are
extended at the elbows, flexed in the scapular plane, and the
thumbs point toward the floor. The patient attempts to resist
downward pressure applied to the arms by the examiner.
Weakness is reported to be specific for evaluating the
supraspinatus tendon. In this position, the infraspinatus, sub-
scapularis. and teres minor are electrically silent when com-
pared to the supraspinatus.

Gerber and Krushell described the lift-off test, a physical
finding that has been shown to be both sensitive and specific
for a subscapularis tendon tear. Patients with subscapularis
tears have an increase in passive external rotation and weak-
ness of internal rotation. The original lift-off test was positive
if the patient was unable to move his/her hand off the small of
the back. In this position, the arm is extended and internally
rotated (Fig. 5). Gerber later described the modified lift-off
test, reported (o be even more sensitive. The upper extremity
is placed into the same position as in the originally described
test. The examiner passively lifts the hand off the small of the
back. placing the arm in maximal internal rotation. The test is
positive when the hand falls onto the back because of the
inability of the subscapularis to maintain internal rotation.
Greis and assaciates were able to validate the lift-off test with
electromyographic testing. They concluded that performing
the lift-off test required substantial subscapularis activity and
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Fig. 4 Speed’s test with pain in the bicipital groove. (Copyright
© 1997 Kevin D. Plancher, MD, Bronx, NY.)

Fig. 5 The lift-off test demonstrated clinically. (Copyright © 1997
Kevin D. Plancher, MD, Bronx, NY.)

was a rigorous challenge to the muscle, requiring approxi-
mately 70% of maximal activity to perform.

Recently, Hertel and associates described three new clini-
cal tests to assess the integrity of the rotator cutf. These lag
signs include the external rotation lag sign (ERLS), the drop
sign, and the internal rotation lag sign (IRLS). The external
rotation lag sign is used to assess the supraspinatus and infra-
spinatus tendons. It is performed by passively flexing the
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elbow to 90° with the shoulder elevated in the scapular plane
20° and near maximally externally rotated. The examiner then
lets go of the wrist while maintaining support of the elbow.
The test is positive if the patient cannot maintain position and
a drop or lag occurs. The magnitude of the lag is recorded to
the nearest 5°. The drop sign, specific for the infraspinatus, is
performed as follows: the examiner maintains the affected
arm in 90° elevation and in near maximal external rotation
with the elbow flexed 90°. Again, ¢lbow support is main-
tained while the wrist is released. The infraspinatus is mainly
responsible for the maintenance of external rotation in this
position. Failure to maintain this position is seen as a drop or
lag when the wrist is released. The lag should again be
recorded 1o the nearest 5°. The internal rotation lag sign is
specific for the subscapularis tendon. The patient’s elbow is
passively flexed to 90° and the shoulder is held at 20° of ele-
vation and 207 of cxtension. The hand is then passively lifted
oft the small of the back. thereby placing the shoulder in near-
maximal internal rotation. The wrist is released while sup-
porting the elbow. and any lag is recorded to the nearest 5°. A
slight lag is indicative of a partial tear, whereas an obvious
drop represents a complete tear of the subscapularis tendon.

The ERLS was found to be less sensitive. but more specific.
than the Jobe sign. Similarly. the drop sign had poor sensitiv-
ity but high specificity. For evaluation of the subscapularis
tendon. the IRLS was more sensitive but as specific as the lift-
off sign.

A cursory neurologic assessment is performed as part of
our range of motion/strength testing. Gross motor skills and
muscle mass are noted. Reflexes of the biceps and brachiora-
dialis may be performed as well as evaluation of any der-

matomal sensory changes. Distal pulses are recorded. Cervi-
cal spine evaluation should also be recorded for all patients
with shoulder pain. Spurling’s test is a clinical finding that is
useful in distinguishing cervical spine radiculopathy from
intrinsic shoulder pathology. The neck is extended and rotated
10 each side, vertically compressing the skull to the left and
right. Pain. and more specifically. radiculopathy down the arm
with this maneuver may indicate the need for a more exten-
sive neurologic/cervical spine examination.

Physical findings in rotator cuff disease may be minor with
an asymptomatic patient or may be significant with a com-
pletely disabled patient. The extent of the tear is often mani-
fested by the extent of findings on physical examination. The
presence of a massive tear is frequently confirmed by a physi-
cal examination, but subtle pathology requires a more involved
diagnostic workup.

Imaging of the Rotator Cuff

Plain Radiographs

In early rotator cuft disease, plain films are usually normal.
Calcific deposits in the cuff tendons, bony cysts at the greater
tuberosity, concavity of the undersurface of the acromion.
or acromial spurs are often found with more advanced
disease. Degenerative changes may be present in the greater
tuberosity, acromioclavicular joint. or anterior acromion.
An acromiohumeral interval of less than 7 mm on a true
anteroposterior (AP) plain radiograph of the shoulder is
considered abnormal and suggests the presence of a chronic
tear (Fig. 6). The shape of the acromion is an important radio-

A. Routine A-P Shoulder

B. True A-P Shoulder
0?:‘?
M Open joint space

Ovenlap of humeral head
with posterior glenoid rim

Fig. 6 Left, A plain radiograph demonstrating the acromiohumeral interval less than 7 mm on a true anteroposterior (AP) radiograph
implying a rotator cuff tear. Right, Difference between true AP and routine AP radiographs of the shoulder. (Adapted with permission from
Rockwood CA, Szalay EA, Curtis RJ, et al: X-ray evaluation of shoulder oroblems, in Rockwood, CA, Matsen FA Ill (eds): The Shoulder.

Philadelphia, PA, WB Saunders, 1990, p 180.)
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Fig. 7 Diagram of the type Ill acromion. (Copyright © 1997 Kevin D.
Piancher. MD. Bronx. NY)

Fig. 8 A normal axillary view of the shoulder.

eraphic feature. A majority of rotator cuff’ tears occur in
patients with a hooked (type 1) acromion (Fig. 7). an ante-
rior acromial spur. or an os acromiale. The latter finding is
best visualized on the axillary view (Fig. 8). In addition to the
standard AP. scapulothoracic. and axillary views. there are
several other views that help assess the rotator cuff. The
scapular outlet view is a true scapulolateral with the x-ray
tube angled caudally 57 to 107, This view will reveal defor-
mities of the anteroinferior acromion (Fig. 9). An AP view of
the shoulder with the tube angled 307 caudally (the AP caudal
tilt view) also allows demonstration of an anteroinferior acro-
mial spur or coracoacromial ligament calcification (Fig. 10).

Kitay and associates recently exanmined the interobserver
reliability and the correlation of preoperative measurcments
with surgical findings for four different roentgenographic
views. All patients had a diagnosis of impingement and were
refractory to nonsurgical treatment. Prior to open acromio-
plasty. all patients had standard AP and axillary radiographs
as well as supraspinatus outlet and 30” caudal tilt views. The
20" caudal tilt view had the highest interobserver reliability:
the axillary view had the lowest. The interobserver reliability

Fig. 10 Diagram of anteroposterior caudal tift view. (Adapted with
permission from Rockwood CA, Szalay EA, Curtis RJ, et al: X-ray
evaluation of shoulder problems, in Rockwood CA, Matsen FA Iil
(eds): The Shoulder. Philadelphia, PA, WB Saunders, 1990, p 197.)

of the supraspinatus outlet view was found to be less than
that of the caudal tilt view but greater than the axillary view.
The authors found that the distance from the acromial cortex
to the end of the spur. as measured on the 30° caudal tilt
view, significantly correlated with intraoperative spur length
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Fig. 11 The Fisk view used to image the bicipital groove.

calculation. Additionally. acromial slope. measured on the
supraspinatus outlet view, correlated significantly with ante-
rior acromial thickness as measured intraoperatively. The
authors therefore concluded that these two views oftfer distinct
information about the morphology of the acromion and
anteroinferior spur. We routinely obtain these two views in the
evaluation of patients with impingement/rotator cuff symp-
toms prior to acromioplasty.

The Fisk view is used to image the bicipital groove. In this
projection, the x-ray machine is superior to the shoulder. The
bicipital groove is projected onto the cassetie, which is held
by the patient leaning on the table (Fig. 11).

A recent study by Norwood and associates reviewed ten
separate plain radiographic findings in patients with a single
tendon rotator cuff tear, multiple tendon tears, and patients
with symptoms of rotator cuff disease but normal arthro-
grams. The ten radiographic findings were recorded as being
cither present or absent (Outline 1). The authors found that a
significantly higher number of abnormal findings were pres-
ent in the multiple tendon group when compared to the con-
trol group. However, when the single tendon group was com-
pared to the controls, there were only two abnormal findings
that occurred with a significantly higher frequency. When the
two tendon tear groups were compared. half of the abnormal
radiographic findings showed statistically significant differ-
ences. The authors concluded that in the appropriate clinical
setting, a palient with five or more plain radiographic findings
listed in Qutline 1 is more likely to have a tear involving mul-
tiple tendons. Patients with three findings or less are likely to
have single tendon involvement.

Arthrography

For years. the arthrogram has been considered the gold stan-
dard to evaluate full-thickness rotator cuff tears. Known com-
plications such as infection, allergic reaction, and synovial
effusions are rare; however, it must be remembered that the
arthrogram is an invasive procedure and not without risk.
Arthrography exposes the patient to radiation and its useful-
ness may be limited by the technical skill of both radiologist

Outline 1 Radiographic findings

Acromiohumeral interval less than 7 mm

Subacromial calcification

Greater tuberosity sclerosis or irregularity

Cysts at greater tuberosity

Subacromial spur

Concave acromion

Degenerative changes at the acromioclavicular joint

Distally pointing acromioclavicular spur greater than 2 mm in
diameter

Degenerative changes at the glenohumeral joint

Exaggerated groove between the greater tuberosity and the humeral
articular surface

{Reproduced with permission from Norwood LA, Barrack R, Jacobson KE:
Clinical presentation of complete tears of the rotator cuff. J Bone Joint Surg
1989;71A:499-505.)

Fig. 12 Normal shoulder arthrogram.

and technologist. Despite these drawbacks. arthrography
remains an excellent imaging modality for full-thickness
tears. Double contrast arthrography (using dve and air) or
arthrotomography may enhance resolution. The lauer tech-
nique uses tomograms taken with contrast material in the
shoulder.

The fundamental reason that arthrography works is inher-
ent to normal shoulder anatomy. Contrast material injected
into the normal glenohumeral joint should only communicate
with the subscapularis bursa and biceps sheath as dye extends
beneath the transverse humeral ligament. The normal rotator
cuff prevents passage of contrast into the subacromial-
subdeltoid bursa. In a full-thickness tear. contrast will either
fill this bursa or extravasate into the substance of the tendon.
AP views in internal and external rotation should be taken
after brief exercise 1o fully evaluate the rotator cuff (Fig. 12).
Other views, especially the axillary and Fisk views, may aid
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Fig. 13 The geyser sign, which is indicative of a large rotator cuff
tear.

in evaluating associated pathology of the labrum or long head
of the biceps tendon. Dye that is visualized in the acromio-
clavicular joint has been termed the geyser sign by Craig (Fig.
13). This sign is indicative of a large chronic tear in which
contrast material has extravasated trom the glenohumcral
joint through the torn cuft to fill the acromioclavicular joint.

Arthrography has several limitations. Partial-thickness
tears. by definition, will not allow extravasation of dye into
the subacromial-subdeltoid bursa. Furthermore. bursal side
tears are unable 1o be visualized with arthrography because
there is no tendon discontinuity on the joint surface side to
allow for the passage of dye. Arthrography is also unable to
identify isolated midsubstance tears. Arthrography in the
presence of a partial thickness tear is less accurate than when
used to detect a full-thickness tear. The overall incidence of
false-negative examinations (those with tears that were
missed) in surgically documented tears (full and partial
thickness) is between 0 o 8%. depending on which study is
referenced.

Ultrasound

Shoulder ultrasonography has been used to diagnose rotator
cuff pathology since the early 1980s. It is an inexpensive,
noninvasive imaging modality that does not use radiation and
is readily available at most centers. with very rapid results. Its
main drawback is that ultrasound has been shown to be a tool
that is highly technician-dependent.

Fig. 14 Sonographic representation of a normal subacromial bursa.
BT = biceps tendon: S = supraspinatus.

High resolution. real-time equipment should be used. Most
machines today use a 7.5 MHz linear array transducer. To [ur-
ther enhance signal resolution. the shoulder should be exam-
ined with the humerus hyperextended: this position allows the
cuff to be free from the cover of the acromion.

The outer border of cortical bone covering the humeral
head normally appears as a hyperechogenic line. The normal
musculotendinous cufl appears homogenous with regard to
echogenicity. without any focal changes. The subacromial
bursa normally appears as a hypoechogenic focus less than
2 mm thick (Fig. 14). Visualization of the long head of the
biceps tendon is made possible with ultrasound. The normal
biceps tendon appears echogenic and sits deep in the intertu-
bercular groove.

The most consistent ultrasound findings of a rotator cutf
tear are nonvisualization, focal thinning, and discontinuity of
the cuff. Hypoechogenic foci within the cuff may represent
fluid whereas hyperechogenic foci may represent granulation
tissue. These findings are nonspecific and should not be
regarded as pathognomonic for a rotator cuff tear. Sonnabend
and associates examined 117 patients who underwent shoul-
der ultrasound followed by surgical intervention for rotator
cuff disease. The authors found that preoperative ultrasound
assessment of cuft tear size was able to reliably predict full-
thickness tears. Their data revealed a positive predictive value
of 96%. However. in assessing partial thickness tears. ultra-
sound failed to detect a significant number of lesions. Diag-
nosis of subacromial impingement was found to have a posi-
tive predictive value of 94% but a negative predictive value of
66% . The authors concluded that ultrasound is reliable in the
detection of full-thickness tears. but a negative study in the
face of strong clinical findings should prompt further investi-
gation, with methods such as arthrography or magnetic reso-
nance imaging (MRI).

Matsen and associates examined the relationship between
the presence of a joint effusion or fluid within the
subacromial-subdeltoid bursa and the existence of a rotator
cufl tear. A preoperative shoulder sonogram was performed
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on all patients studied. Onc hundred sixty-three shoulders
were then operated on for a suspected rotator cuff tear. The
presence of a joint effusion alone had a sensitivity of 22%.
specificity of 79%. and a positive predictive value of 60%.
Bursal fluid alone was only seen in ten patients and had a sen-
sitivity of 7%. specificity of 96%, and a positive predictive
value of 70%. However, when {luid was seen in both the joint
and the bursa, the sensitivity was 22%. specificily 99%. and
posilive predictive value 93%. The integrity of the rotator cuff
tendons was deliberately not assessed. The authors concluded
that sonographic evidence of fluid in the subacromial-subdel-
toid bursa with or without a joint effusion, is highly specific
and has a high positive predictive value for a rotator cuff tear.
Although the combined presence of fluid in the joint and the
bursae has a low sensitivity, this finding necessitates a careful
ultrasound evaluation of the rotator cuft for a tear.

The use of sonography in the postoperative shoulder has
also been looked at recently. Because surgical intervention
distorts the normal cuff architecture, it is imperative that the
sonographer be familiar with normal postoperative changes
and the appearance of persistent or newly damaged cuif.

After acromioplasty. sonographic evaluation may reveal
distortion of the lateral aspect of the acromial shadow. irreg-
ular contour, or medial displacement of the acromial mar-
gin. Most commonly, the supraspinatus is reattached at the
level of the greater tuberosity via a trough-in-bone proce-
dure, and is sonographically visualized as a linear defect in
the humeral head. However, frequently the cuff is retracted
medially and mobilization does not permit the repair to take
place at the level of the tuberosity. In these instances, the
reimplanted tendon and trough are displaced medially, and
visualization ol the supraspinatus tendon may be difticult.
Extension of the arm as well as abduction/adduction may
facilitate visualization.

Normally, the postoperative tendon remains thinned and
exhibits increased echogenicity. Therefore, unlike preopera-
tive criteria, visualization of a cuff defect is necessary 10 make
the diagnosis of a recurrent rotator cuff tear. If the subdeltoid
bursa has been resected. the normal echogenic plane between
the supraspinatus tendon and overlying deltoid will be absent.
Additionally, sonography may be used postoperatively to
diagnose those patients with cuff arthropathy. This is visual-
ized as irregularity of the humeral head with loss of normal
overlying hypocchoic cartilage.

In a study by Mack and associates, sonography was used to
evaluate 60 symptomatic postoperative shoulders in 33
patients. In ten shoulders that had a previous acromioplasty
alone, nine had subsequent surgical intervention; a correct
diagnosis of intact rotator cuffs was made in eight of the nine
shoulders. Of the 50 shoulders that had previous full-
thickness cuff repairs, subsequent surgical procedures were
performed on 27. In 26 of these 27, sonography was used to
confirm large recurrent tears; the remaining shoulder had an
intact cuff. The authors concluded that although the ability of
sonography to rule out disease was not adequalcly tested,
ultrasound was an excellent means of assessing the postoper-
ative shoulder. Their results yielded a sensitivity of 100%.
specificity of 90%, and overall accuracy of 98% for detecting
postoperative rotator cuff tears.

Magnetic Resonance Imaging

The use of MRI represents a major advance in musculoskele-
tal imaging. Some believe it to be the imaging modality of
choice following plain film evaluation of the shoulder. MRI is
noninvasive and unlike arthrography does not use ionizing
radiation. A significant advantage of MRI is its ability to
detect midsubstance and bursal side tears, which allows for
detection of cuft pathology earlier in the disease process.
These partial thickness tears are very difficult to diagnose
using other modalities. MRI is significantly more expensive
10 usc than the previously discussed modalities; this is its
major disadvantage. Contraindications to the use of MRI
include noncompatible aneurysm clips, cardiac pacers, neu-
rostimulatory devices, and some types of prosthetic heart
valves. Morbidly obese patients may not fit into the scanner.
With the advent of “open” MRI machines, clausirophobia has

2coime less of a problem and resolution has improved.

MRI changes seen in rotator cuff tendons are the principal
means of diagnosing a tear. The grading system of these
changes is based on changes in signal intensity and morphol-
ogy of the cuff tendons. Low signal intensity is black and high
signal intensity is white regardless of pulse sequence. A grade
0 tendon has normal signal intensity (low) and normal mor-
phology (Fig. 13, top lefr). Grade 1 is a tendon with diffusely
increased signal on short recovery time/echo time (TR/TE)
(Tl-weighted) and long TR/short TE (proton density-
weighted) images but with normal morphology (Fig. 15. 10p
center and top right). A grade 2 tendon has increased signal
intensity on these same pulse sequences but, in addition, has
some alteration in tendon morphology, ie, thinning. and/or
surface irregularity (Fig. 15, bortom left). This group may be
further classified into 2A or 2B depending on the degree
of morphologic alteration. A grade 3 tendon will exhibit
increased signal intensity on T2-weighted images. In this
group there is an obvious tendon defect (Fig. 15. botiom
right) This defect is the most specific finding of a full-thick-
ness tear.

Changes in the subacromial-subdeltoid bursa and peribur-
sal fat plane are clues to presence of a cull tear. Significant
Muid in the bursa, although not pathognomonic. is highly
suggestive of a cuff tear. The most commonly offered expla-
nation for this finding is that the complete tear allows the
extension of intra-articular fluid into the bursa. This fluid is
seen as high signal intensity within the bursa on T2-weighted
images. Loss of the normal high signal of the peribursal fat
plane is also highly suggestive of a tear. These two findings
are present in over 90% of patients with full-thickness tears
(Fig. 16).

The bony pathology associated with rotator cuff pathology
may also be identitied using MRI. The hooked type Ill acromion
is best visualized on the coronal or sagittal oblique cuts. Sub-
acromial spurs are also casily demonstrated. Small spurs (corti-
cal bone) appear black on T2-weighted images. Larger spurs
may contain marrow and thus appear as high signal on both T1-
and T2-weighted images. Degenerative changes of the acromio-
clavicular joint may be visualized as hypertrophy of the joint
capsule. seen as a medium intensity signal surrounding the
acromiociavicular joint on pulse sequences with short TR and
short TE (Fig. 17).
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Fig. 15 Top left, A normal supraspinatus tendon grade 0. Top center. Grade 1 tendon on T1. Top right, Grade 1 tendon on proton density.
Bottom left, Grade 2 tendon with some alteration of morphology. Bottom right, Grade 3 tendon on T2-weighted image.

MRI offers informauon regarding cutt tear size. specific
tendon involvement, and the degree of retraction. It can iden-
tify torn tendon edges and frequently delineate whether those
edges are frayed to the point of irreparability. By predicting
the size of the cufl defect. MRI may aid the surgeon in decid-
ing preoperatively whether to attempt a repair alone, repair
with a local tissue transter, or debridement of the cuff tear.

lannotti and associates used MRI to preoperatively assess
the integrity of the rotator cutf in 9t patients. In 33 patients.
the prescnce of a complete tear of the rotator cufl was con-
firmed with MRI. The size of the tears was calculated and

compared with the [indings at operation. Of the 33 complete
tears seen at operation. the size of all but two had been cor-
rectly assessed by MRI. These two large tears had been incor-
rectly assessed as being moderate in size. Small tears were
those less than 2 em in diameter. modcerately sized tears were
2 to 4 cm, and large tears were 5 em or larger.

The authors found a correliation between the degree of
supraspinatus wasting seen on MRI and the size of the cuff
tear at operation. In general, larger tears were seen at surgery
in patients whose scans demonstrated a significant amount of
supraspinatus wasting on MRI.
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Fig. 16 Fluid in the subacromial bursa and peribursal fat plane on
T2-weighted image, which is representative of a full-thickness rotator
cuff tear.

The same authors correlated preoperative MRI assessment
with findings secn at open acromioplasty or diagnostic
arthroscopy. In 31 shoulders with clinical impingement and
radiographically intact tendons. there were four false-positive
and three false-negative results. The authors found that in the
diagnosis of a complete tear of the rotator cuff, MRI had a
sensitivity of 100% and a specificity of 95%. The positive pre-
dictive value was 92% and the negative predictive value
100%. The sensitivity and specificity of MRI in difterentiat-
ing degeneration or partial thickness tears versus tendinitis
was found 1o be 82% and 85%. respectively. The positive and
negative predictive values were also 82% and 85%. Finally.
with respect to differentiating normal tendon from onc
affected by tendinitis secondary to impingement, MRI had a
sensitivity and specificity of 93% and 87%. Here the positive
and negative predictive values were also 93% and 87%.

MRI is best in its ability to detect complete tears of the
rotator cuff. However, it is useful in localizing the site of a
tear, estimating its size, and differentiating between the vari-
ous stages of impingement in clinical diagnoses.

The use of MRI in the postoperative shoulder has also been
recently studied. As expected, preoperative evaluation is more
ditficult than the evaluation of a patient who has not had prior
surgical intervention. MRI can demonstrate cuff disruption
when it is present postoperatively. However, in assessing
symptomatic postacromioplasty patients. the criteria for mak-
ing the diagnosis of a rotator cuff tear needs to be modified.
The only consistent findings are definite discontinuity in the
cuff with high signal within it on T2-weighted images and

Fig. 17 Degenerative changes of the acromioclavicular joint on a
T1-weighted image.

nonvisualization of the cuff. The secondary signs discussed
above are not useful in assessing the postoperative shoulder.

In a recent study by Owen and associates, MRI was used to
assess the postoperative shoulder in 31 patients before
repeated surgical intervention. Using the above criteria, a cor-
rect diagnosis was made in six of seven patients who had a
surgically proven tear. Additionally, MRI was able to rule out
the presence of a tear in 22 of 24 patients who had no evi-
dence of a full-thickness tear at surgery. The authors con-
cluded that MRI is a valuable technique in the evaluation of
the symptomatic postoperative shoulder. Sensitivity was
found 1o be 86%, specificity 92%, and accuracy 90%. How-
ever, these data pertain to full-thickness tears and the appear-
ance of a postoperative tendon-to-tendon repair is indistin-
guishable from that of a new or recurrent tear, Therefore. MRI
is limited in its ability to detect partial or midsubstance tears
after primary rotator cuff repair.

Nonsurgical Management

The indications for nonsurgical treatment of a rotator cuff tear
are not clearly defined. Each patient needs to be individually
assessed with regurd 1o age, occupation, physical demands,
size of cuff tear, loss of function, mechanism of injury. and
most importantly, pain. Most authors recommend an initial
trial of nonsurgical treatment; however, this regimen may not
be beneficial to a younger patient who sustains a traumatic
lear associated with significant functional impairment and
weakness. The length of nonsurgical treatment will vary
depending on the degree of cuff involvement and with the
patient’s response to treatment. If pain persists in the face of
an adequate rehabilitation protocol, then surgical intervention
should be considered.



Nonsteroidal Anti-Inflammatory Medication

Although there is a paucity of good data to support the fact
that nonsteroidal anti-inflammatory drugs are of value in the
treatment of impingement and rotator cuff pathology, they
remain a mainstay of management. Teleologically, it makes
sense that an anti-inflammatory/analgesic medication would
work in a setting where the presunied etiology is a spectrum
of chronic irritation and inflammation. No data exist that sup-
port the benelits of one brand over another, and all patients
should be asked about any history of peptic nlcer disease or
gastritis prior to initiating therapy.

Corticosteroid Injection
There are few studies in the literature that conclusively show
that the subacromial injection of steroids is of any benefit in
the treatment of impingement or rotator cuff tears. In a
prospective, controlled, randomized, double-blind study.
Zuckerman and associates examined the efficacy of subacro-
mial corticosteroid injection. Patients with a diagnosis of
impingement without evidence of a rotator cuff tear were ran-
domized to receive a subacromial injection of either 1% lido-
caine or 1% lidocuine with 80 mg triameinolone. Eighty-four
percent of patients in the steroid group reported improvement
in pain compared to only 36% in the control group. Objec-
tively. active range of motion improved in 749 of the patients
who received steroids compared to 369 of the patients in the
control group. Finally, 79% of the steroid group patients,
compared 1o 8% of the control group patients, actually had
relief of impingement sign on last follow-up examination.
The adverse effects of such injections are well known.
Steroid injections in or around the rotator cuff may produce
tendon atrophy and can actually impede the repair process.
Watson has shown that repeated injections (more than five)
have been shown to be associated with poor tissue quality at
surgery. However, the use of corticosteroid injections remains
widespread. If used. injections should be limited in number,
well-spaced out in time, and never administered in the acute
phase of injury or dircctly into the tendons of the rotator cuif.

Ultrasound. Phonophoresis, and lontophoresis
Ultrasound has been used extensively as a physical therapy
modality for over 30 years. Ultrasound waves are sound
waves that are above the audible limit (> 20 kHz). The thera-
peutic effects of ultrasound are a result of both the thermal
and nonthermal properties of these high frequency sound
waves. The heat induced by ultrasound causes a local hyper-
emia and is therefore potentially beneficial o the healing
process. The nonthermal or mechanical characteristics of
ultrasound waves are believed to alter the cell membrane rest-
ing potential and thus alter cell permeability.

Phonophoresis is the use of ultrasound to enhance the
delivery of topically applied drugs. The most commonly used
topical drugs are anesthetics, counterirritants, and anti-
inflammuatories such as nonsteroidal or steroidal medications.
Studies are still lacking that define typical drug doses and
duration of senication. These topically applied drugs avoid
the risks and possible complications associated with the use
of systemic medications. The first pass effect by the liver is
also eliminated by this route of administration. There is less
of a chance of underdosing or overdosing the drug.
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The mechanism of action is related to the thermal and non-
thermal properties of ultrasound waves. Increased heat causes
an increase in the kinetic energy of the drug molecules, dilates
points of entry in the stratum corneum such as hair follicles
and sweat glands, and causes a local increase in blood flow to
the sonicated area. At the same time, cell membrane charac-
teristics are altered in such a way that all of these physiologic
responses enhance the opportunity for the topically applied
drug to traverse the skin. In a study by Griffin and associates,
various orthopaedic diagnoses were treated blindly using
phonophoresis with either hydrocortisone or placebo. Sixty-
eight percent of the patients treated with hydrocortisone with
ultrasound had decreased pain and increased range of motion
compared to only 28% of those tremted with placebo plus
ultrasound. A recent study by Kleinkort and Wood revealed
that a 10% preparation of hydrocortisone plus ultrasound was
more cffective than a 1% preparation in reducing the pain
associated with a number of inflammatory conditions, includ-
ing subdeltoid bursitis and epicondylitis.

Like the classic investigations cited above, the more recent
literature on the efticacy of phonophoresis appears promising.
However. few studies are scientifically sound. Most of the
reports fack some element of a fundamentally scientific study
such as a control group, small sample size. nonobjective doc-
umentation of effectiveness, and nonblinded observers.

Smith and associates compared five modalities for the
treatment of shin splints: ice, ice massage, ultrasound, ion-
tophoresis. and phonophoresis. The investigators found no
difference among the various treatment groups although all
methods decreased pain. In two other recent studies by
McElnay and Williams, the authors independently found that
phonophoresis had no increased effect on the percutaneous
absorption of lidocaine and other topical anesthetics.

lontophoresis is a process that uses electricity to introduce
ions into the skin. 1t is used by physical therapists o deliver
locally higher concentrations of medication while avoiding
the potential complications associated with their systemic
usc. Corticosteroids are the most commonly used drugs with
iontophoresis. Several water-soluble preparations are avail-
able to enable the drug to dissociate into the negatively
charged steroid molecule and therefore move in an electric
field. DeLacerda, using iontophoresis with dexamethasone,
found rapid improvement in range of motion in patients with
myofascial shoulder girdle syndrome when compared to treat-
ment with ultrasound or muscle relaxants. In a group of
patients with shoulder tendinitis, Bertolucci found that those
treated with dexamethasone and lidocaine iontophoresis had
less pain and increased range of motion compared o controls.

The usc of iontophoresis has declined: however. this
process is occasionally selected by therapists whose patients
do not show improvement with more conventional therapy.
Fear of chemical skin burns and the paucity of sound scien-
tific data demonstrating the efficacy of this treatment are the
reasons why iontophoresis is seldom used.

Exercise

The common denominator in all rehabilitative programs for
impingement is adequate resting of acutely inflamed tissues
followed by rotator cuft strengthening. One of the functions
of the rotator cuff is to serve as a humeral head depressor.
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With the rotator cuft strengthened, mechanical impingement
and the patient’s symploms are alleviated.

Rockwood has coined the term “orthotherupy™ to describe
a nonsurgical, rehabilitative program that first focuses on
improvement in range of motion and then concentrates on
improving shoulder strength. The regimen is designed to per-
mit immediate communication between physician and patient
to allow quick adjustments in their rehabilitation protocol.
This method facilitates patient compliance and minimizes the
chance of a rehabilitation setback.

Orthotherapy should not be used for a select group of
patients with injury to the shoulder. The first group is the
young or middle-aged patient who. as a result of violent
trauma, sustains a rotator cuff tear. The second group of
patients are highly competitive athletes. especially those
whose sport involves raising the arms overhead, who sustain
a rotator cuff tear. Tt is believed that these patients are best
served with early surgical repair.

The rehabilitation of the rotator cuft can be divided into
three convenient stages. There should be defined goals for
each stage of this process. Criteria must be carefully evalu-
ated before a patient is allowed to progress to the next stage
of rehabilitation.

Stage [ is aimed at decreasing acute inflammation while
maintaining shoulder range of motion. Initially. a short period
of rest with avoidance of overhead activity is pursued. A num-
ber of adjunctive modalities such as nonsteroidal anti-intlam-
matory medications. steroid injections, phonophoresis. and
iontophoresis may be used. In addition to allowing intlamma-
tion to subside, it is equally important to maintain mobility of
the glenchumeral as well as the scapulothoracic, acromio-
clavicular, and sternoclavicular joints. Gentle pendulum exer-
cises are begun and active assisted range of motion exercises
are gradually added with the use of a rope and pulley system.
This system 1s set up so that the shoulder is flexed by having
the patient grasp one end of the rope with the supinated palm
of the affected extremity. The unaftected extremity is used to
gently elevate the affected shoulder by pulling downward on
the other end of the rope (Fig. 18). Pain should be avoided
with all of these exercises.

After achieving full flexion. stick exercise should be per-
formed in flexion and external rotation. In a manner similar to
that of the pulley exercises, the contralateral extremity is used
to assist the affected shoulder into these positions (Fig. 19).
Posterior capsule stretching exercises may be initiated at this
point. Posterior glenohumeral capsule tightness has been
implicated in the exacerbation of rotator cuff symptomatol-
ogy. To stretch the posterior capsule. the affected extremity is
brought into a position of cross-body adduction and internal
rotation with the arm abducted 45° from the body (Fig. 20).
After the goals for stage I have been met and there are no
inflammatory signs, such as pain with rest or warmth of the
affected shoulder, the patient may progress to stage 1.

Stage Tl is characterized by progressive strengthening exer-
cises of the rotator cuff. Strengthening of the deltoid and
scapular stabilizers is cmphasized. Capsular stretching as
described above is continued with increasing degrees of
abduction as tolerated. Surgical tubing connected to an eyelet
or doorknob makes an inexpensive home gym and allows the
patient to progress through the exercises with increasing resis-

Fig. 18 A patient using a rope and pulley system for stretching of
the shoulder capsule. (Copyright © 1997 Kevin D. Plancher, MD,
Bronx, NY.)

Fig. 19 Stick exercise used to stretch the shoulder in external
rotation. (Copyright © 1997 Kevin D. Plancher, MD, Bronx, NY.)

tance as tolerated. There are various companies that make
commercially available kits, or a homemade version can be
created. The patient should attempt five o ten repetitions each
of external rotation, abduction. extension. internal rotation.
and flexion. Pain should once again be avoided. Proximal sta-
bility of the shoulder girdle is fundamental to the rehabilitation



Fig. 20 Posterior capsular stretches in internal rotation and cross-
body adduction. (Copyright ® 1997 Kevin D. Plancher, MD, Bronx, NY.)

of a rotator cuff tear. Therefore, strengthening of the trapezius,
serratus anterior, rhomboids, and levator scapulae is essential
for full recovery. Wall push-ups and shoulder shrugs with
weights of 15 to 20 1b are employed to isolate these muscles.

When the patient has progressed to the point where symp-
toms are minimal or absent, range of motion is excellent, and
strength is adequate, phase Il may be initiated. The goal of
phase III is unrestricted symptom-lree activity. This goal is
accomplished with continued active range of motion and a
eradual progression to overhead activities and sports-specific
exercises. Early in this phase the sport or activity should be
modified to avoid a recurrence of symptoms.

The success of nonsurgical treatiment has been reported
from less than 50% to greater than 90%. However, most stud-
ies to date do not have uniform criteria for nonsurgical man-
agement. The large disparity in success rates is in part attrib-
uted to the fact that different surgeons have different
indications for nonsurgical therapy. Before the advent of
MRI. arthrography and clinical examination were largely
relied on to establish a diagnosis, and most study groups were
heterogenous with results difficult o interpret.
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