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Rehabilitation of the dysfunction associated with rotator cuff tendinopathy
rests on several bases that have been discovered as part of the investigations into
the pathoetiology of the clinical injury, and on observations into the clinical
presentation associated with the dysfunction. The first base is that the tendino-
pathy is the result of a process of injury [1,2]. This implies a failed healing
response to a set of still incompletely characterized tensile or compressive stress
loads, and that the failure occurred over a period of time, rather than as an acute
event. The second base is that at the time of clinical presentation, alterations in
physiology and biomechanics of the rotator cuff and associated structures exist
and can be clinically evaluated [1]. These alterations are in flexibility, motion,
strength, or strength balance, and may be causative in the rotator cuff dysfunc-
tion, or may be the result of the rotator cuff injury and increase the dysfunction.
The third base is that due to these alterations, symptoms of external or classical
rotator cuff impingement under the coraco-acromial arch are common, but are
most frequently secondary to the underlying alterations. Fourth, rehabilitation
should start with optimized anatomy of the rotator cuff and then seek to restore
the altered physiology and biomechanics to allow optimal rotator cuff function.
Finally, rehabilitation should shade into ‘‘prehabilitation,’’ or functional exercises
designed to minimize reinjury risk. This article addresses each of these bases to
develop a scientifically-based rehabilitation program.

Physiological and biomechanical alterations in patients with rotator cuff
tendinopathy

Flexibility

Glenohumeral internal rotation deficit (GIRD) is the most commonly associ-
ated alteration in flexibility [3–5]. This alteration creates an anterior/superior
humeral translation with arm forward flexion [3] that has been associated with
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external impingement-based rotator cuff tendinopathy [4]. In addition, GIRD
creates a posterior/superiorly-directed, humeral-head translation in arm-external-
rotation at 90! of abduction, which can cause internal impingement-based
undersurface rotator cuff tendinopathy [5]. Also, tightness of internal rotation
at the glenohumeral joint results in excessive scapular protraction in arm-forward
flexion or the follow-through motion to allow the arm a complete arc of motion in
throwing or serving. The excessive protraction may result in external impinge-
ment due to decreased acromial elevation [4–7].

Inflexibility of the muscles that insert on the coracoid process, the pectoralis
minor, and the short head of the biceps is also common. Tightness in these muscles
also leads to scapular protraction, decrease in scapular posterior tilt, and a decrease
in the subacromial space height, which is associated with external impingement
[6,7].

These alterations may be evaluated in the clinical examination. GIRD should be
evaluated measuring true glenohumeral rotation by goniometric means in both
shoulders with the scapulae stabilized. Side-to-side differences greater than 25!
are considered significant for GIRD [5]. The ‘‘spinal level’’ estimation technique
for arm internal rotation has at least 6! of freedom, only one of which is gleno-
humeral motion, and does not correlate with goniometric measurements [8]. Cora-
coid-based tightness is more difficult to quantitate, but can be established by
palpating the tight muscles and feeling the tautness along the course of the tendons.
This test is usually painful due to the tightness.

Strength

One of the clinical hallmarks of rotator cuff tendinopathy is alteration in rotator
cuff strength, especially in ‘‘empty can’’ isolated supraspinatus testing, or in
resisted external rotation, either at the side or at 90! abduction. Isolated testing of
each of the individual rotator cuff muscles by the standard techniques is used
diagnostically in the clinical examination, and they invariably demonstrate the
weakness. Some of the demonstrated weakness may be more apparent than real.
Rotator cuff muscle activation, and the resultant force production, may be
decreased up to 23% in the presence of excessive scapular protraction [9]. Rotator
cuff strength will often test normal or improved if the scapula is positioned in
retraction [9]. It is best to test isolated rotator cuff strength with the scapula in a
stabilized retracted position.

Rotator cuff strength balance is also frequently altered in tendinopathy.
External rotation strength deficit, both at 0! and at 90! of abduction, is the most
common finding [4,5]. This alters the force couple for humeral head stabilization
and depression.

Scapular position and motion

Weakness in the muscles that stabilize scapular motion and position is also a
common finding in rotator cuff tendinopathy. The serratus anterior and lower
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trapezius are the most commonly altered [10–12]. This may result from a true
deficit in strength [9], an inhibition of activation [11], and an alteration in activation
sequencing [10,12,13]. These muscles are particularly involved with horizontal
and vertical stabilization of the scapula [13–15]. Deficiencies in activation in these
muscles decrease posterior tilting and elevation of the acromion, contributing to
external impingement [7,10,14], and increase scapular protraction.

The combination of glenohumeral rotation inflexibility, coracoid based anterior
muscle tightness, and posterior muscle weakness results in alterations in scapular
position at rest and motion-upon-arm motion that are collectively called scapular
dyskinesis [14]. These alterations can be evaluated by observing scapular posture
from behind with the patient in a resting position, and then by having the patient
elevate his arms in the scapular planes three to five times. Attention should be paid
to the symmetry of the medial scapular border to look for unilateral prominence
along the border. Specific patterns of dyskinesis in single planes have been
described [16]. Excessive acromial anterior tilt and protraction producing inferior
medial border prominence—type I, and excessive superior scapular translation
producing superior medial border prominence—type III, are both associated with
external impingement and rotator cuff tendinopathy. Occasionally, these patterns
may be seen in combination, and create an extra degree of acromial depression.

Clinical application—anatomically intact rotator cuff tendinopathy

Flexibility

Tight coracoid based muscles may be stretched by the ‘‘open book’’ stretch
(Fig. 1). Arms should be placed at the side to reduce the risk of provoking
thoracic outlet symptoms. Internal rotation deficit should be corrected by specific
rotation exercises with the scapula stabilized (Fig. 2). The classical horizontal

Fig. 1. The ‘‘open book’’ stretch for tight anterior coracoid muscles.
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adduction stretch creates an impingement position, does not stretch rotation, and
increases scapular protraction.

Scapular control

Improvement in strength of the lower trapezius and serratus anterior is based not
only on increasing strength production, but also on decreasing inhibition and
restoring normal muscle activation patterns. Early exercises should be prescribed at
submaximal activation levels with the arm below 90! abduction, to avoid
impingement-related pain and inhibition, and should use facilitation of activation
by trunk-muscle activation [17]. Examples of exercises include scapular pinches,
‘‘low rows’’ (an isometric exercise combining hip/trunk extension), scapular
retraction, and arm extension (Fig. 3), and integrated diagonal trunk rotation/
scapular retraction (Fig. 4) or trunk extension/scapular retraction. As the arm can be
moved toward 90! elevation, closed chain exercises like the ‘‘scapular clock’’ may
be added (Fig. 5). Further progressions in scapular control exercises will involve
integration with rotator cuff activation.

Rotator cuff activation

Rotator cuff rehabilitation should be emphasized when the cuff is anatomically
intact or strong enough to withstand the applied loads, and when a stable scapular
base has been established for activation and for acromial clearance. The clinical
evidence for scapular stability includes resolution of scapular dyskinesis, with
control of scapular retraction. Rotator cuff activation is most efficient when it is
done in an integrated manner with other potent facilitators of rotator cuff
activation such as the lower trapezius and latissimus dorsi [17].

Rotator cuff rehabilitation must be graded in intensity of activation and position
of activation, so as to not place undue strains on the injured cuff and thus to avoid
reinjury. One method of estimating the strain load is to evaluate the percentage of

Fig. 2. Stretch to specifically address internal rotation deficit.

W.B. Kibler / Clin Sports Med 22 (2003) 837–847840



maximal voluntary contraction (MVC) that a muscle is generating in an exercise. A
spectrum of activation can then be demonstrated (Table 1). Early passive and active
assisted range-of-motion exercises develop only 5% MVC [18]. These exercises
include supported positions of the hand and emphasized humeral head depressions.
The transition to more challenging types of exercises is a crucial part of the
rehabilitation protocol. Studies in our lab (Wise et al, submitted for publication)
show that changing type of exercise (closed- versus open-chain), hand position
(horizontal versus vertical versus diagonal), and arm velocity (slow versus fast) can
affect percent MVC activation. This study documented a progressive increase in
MVC activation from 11% to 18% in horizontal closed-chain exercises (Fig. 6)
through vertical closed-chain exercises (Fig. 7), horizontal open-chain exercises,
and diagonal closed-chain exercises (Fig. 8). Horizontal closed- or open-chain

Fig. 3. The ‘‘low row’’ exercise to activate the serratus anterior and the lower trapezius.
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exercises at faster speeds increased the activation to 27% and 34% MVC
respectively. This progression may be used as a template to structure exercises
that gradually increase the demand on the healing cuff. Final progressions can be
open-chain plyometric type exercises. Isolated rotator cuff exercises using rubber
tubing or other resistance in specific arm positions may be done at the end of the
rehabilitation sequence.

Clinical application—surgically repaired rotator cuff tendinopathy

Protection of the healing tendon from excessive tensile or shear load is the
prominent factor in the early rehabilitation stages. The length of time for

Fig. 4. Integrated diagonal trunk rotation/scapular retraction.
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protection varies with the underlying tissue and the type of repair, but usually
takes 6 to 10 weeks. Rehabilitation may be performed during this time, however.
Emphasis is placed on proximal kinetic chain and scapular rehabilitation, and
development of shoulder motion in safe planes.

Most of the kinetic chain and scapular exercises can be performed without
inducing shear at the repair. All of the integrated trunk extension/scapular
retraction or trunk rotation/scapular retraction exercises can be done while the
arm is still in a sling.

Passive and active assisted range-of-motion can be started in the planes below
60! abduction/flexion early in the rehabilitation stages. Closed-chain based
rotations, with the hand supported on a ball, allow motion without inducing shear
(Fig. 9). An alternative method to achieve rotation is to move the body around the
supported hand. The effect at the shoulder to increase motion is the same. Within

Fig. 5. ‘‘Scapular clock’’ exercises. The hand is stabilized and the scapula may be moved in a closed
chain fashion to the points of the clock. (A) Elevation to 12:00. (B) Retraction to 9:00.
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2 or 3 weeks, the same supported position at low levels of abduction/flexion can be
used to initiate humeral head depression exercises, starting the rotator cuff
progressions as previously outlined. Care must be maintained to keep the rotator
cuff activation and strain load within the limits imposed by the healing tissue.
Using the progression framework outlined in Table 1 can increase the margin
of safety.

Prehabilitation

Completion of rehabilitation of rotator cuff tendinopathy requires fulfillment
of specific criteria regarding healing, range-of-motion, strength, and kinetic chain
restoration [15,19]. Frequently the patient will then return to the same activity or

Fig. 6. Horizontal closed-chain exercise. The arm slides along a board or other support.

Table 1

Range-of-muscle activations for common exercises

Exercise Activation —% MVC (SD)

Self-assisted elevation 3 (4)

Open-chain pendulum 9 (12)

Horizontal closed-chain, 45!/sec 11 (6)
Stick assisted vertical 13 (17)

Vertical closed-chain 13 (7)

Horizontal open-chain, 45!/sec 15 (9)

Diagonal closed-chain 18 (12)
Diagonal open-chain 22 (11)

Horizontal closed-chain, 100!/sec 27 (17)

Horizontal open-chain, 100!/sec 34 (18)

Scaption—weights 74 (33)

Abbreviations: MVC, maximal voluntary contractions; SD, standard deviation.
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sport that created the injurious stresses, however, thereby placing himself at some
increased risk for repeat injury. Because the exact nature of the stresses operating
in rotator cuff tendinopathy is not completely known, the best strategies for
prevention are based on empirical protocols that attempt to understand the
inherent demands of the sport or activity, and then devise a maintenance exercise
program to maximize the body’s ability to withstand those demands [20]. The
specific flexibility, strength, power, anaerobic, and aerobic demands can then be
matched with specific exercise programs. Examples include trunk/hip strength-
ening and continued rotational flexibility exercises for baseball pitchers and
tennis players, scapular stabilization exercises in workers who continually use

Fig. 8. Diagonal closed-chain exercise.

Fig. 7. Vertical closed-chain exercise.
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their arms extended in front or overhead, and isolated mild rotator-cuff strength
exercises in older patients.

Summary

Rehabilitation of the dysfunction that is associated with rotator cuff tendin-
opathy should be based on the evidence known about the pathoetiology of the
tendinopathy, what is known about the extent of the local anatomic injury,
the local and distant physiological and biomechanical alterations, and on the
knowledge developed regarding progressive loading of the injured or altered
structures. Prehabilitation, or prospective exercises to minimize future rotator cuff
loading stresses, should be included at the end of rehabilitation as part of the
return to function.

References

[1] Kibler WB, Chandler TJ, Pace BK. Principles of rehabilitation after chronic tendon injuries. Clin

Sports Med 1992;11:661–73.

[2] Leadbetter WB. Cell matrix response in tendon injury. Clin Sports Med 1992;11:533–78.

[3] Harryman DT, Sidles JA, Clark JM. Translation of the humeral head on the glenoid with passive
glenohumeral motions. J Bone Joint Surg 1990;72:1334–43.

[4] Tyler TF, Nicholas SJ. Quantification of posterior capsular tightness and motion loss in patients

with shoulder impingement. Am J Sports Med 2000;28:668–73.

[5] Burkhart SS, Morgan CD, Kibler WB. Shoulder injuries in the throwing athlete: the ‘‘dead arm’’
revisited. Clin Sports Med 2000;19:125–69.

[6] Lukasiewicz AC, McClure P, Michener L. Comparison of three dimensional scapular position

and orientation between subjects with and without impingement. J Orthop Sports Phys Ther
1999;29:574–86.

[7] Bertoft ES, Thomas KA, Westerburg CE. The influence of scapular retraction and protraction on

the width of the subacromial space: an MRI study. Clin Orthop Rel Res 1993;296:99–103.

Fig. 9. Closed-chain ‘‘Codman’’ exercises, rotations with the hand supported.

W.B. Kibler / Clin Sports Med 22 (2003) 837–847846



[8] Mallon WJ, Herring CL, Sallay PI, et al. Use of vertebral levels to measure presumed internal

rotation at the shoulder: a radiographic analysis. J Shoulder Elb Surg 1996;5:299–306.

[9] Kebatse M, McClure P, Pratt N. Thoracic position effect on shoulder range of motion, strength,

and three dimensional scapular kinetics. Arch Phys Med Rehabil 1999;80:945–50.
[10] McQuade KJ, Wei SH, Smidt GL. Effects of local muscle fatigue on three dimensional scapulo-

humeral rhythm. Clin Biomech 1995;10:144–8.

[11] Glousman R, Jobe FW, Tibone JE, et al. Dynamic EMG analysis of the throwing shoulder with
glenohumeral instability. J Bone Joint Surg 1988;70:220–6.

[12] Cools AM, Witvroux EE, Deeclerq GA, et al. Scapular muscle recruitment pattern: trapezius

muscle latency in overhead athletes with and without impingement symptoms. Am J Sports Med

2003;31:542–59.
[13] Bagg SD, Forrest WJ. EMG study of the scapular rotators during arm abduction in the scapular

plane. Am J Phys Med 1986;65:111–24.

[14] Kibler WB, McMullen J. Scapular dyskinesis and its relation to shoulder pain. J Am Acad

Orthop Surg 2003;11:142–51.
[15] Johnson G, Bogduk N, Nowitze A, et al. Anatomy and actions of the trapezius muscle. Clin

Biomech 1994;9:44–50.

[16] Kibler WB, Uhl TL, Maddux JWQ, et al. Qualitative clinical evaluation of scapular dysfunction:
a reliability study. J Should Elb Surg 2002;11:550–6.

[17] McMullen J, Uhl TL. A kinetic chain approach for shoulder rehabilitation. J Athl Train 2000;

35:329–37.

[18] McCann PD, Wootten ME, Kadaba MP, et al. A kinematic and EMG study of shoulder reha-
bilitation exercises. Clin Orthop 1993;288:179–88.

[19] Kibler WB, McMullen J, Uhl TL. Shoulder rehabilitation strategies, guidelines, and practice.

Orthop Clin North Am 2001;32:527–38.

[20] Kibler WB, Chandler TJ. Functional rehabilitation and return to training and rehabilitation.
In: Frontera W, editor. Rehabilitation of sportsinjuries. Oxford: Blackwell; 2002. p. 288–300.

W.B. Kibler / Clin Sports Med 22 (2003) 837–847 847


	Rehabilitation of rotator cuff tendinopathy
	Physiological and biomechanical alterations in patients with rotator cuff tendinopathy
	Flexibility
	Strength
	Scapular position and motion

	Clinical application-anatomically intact rotator cuff tendinopathy
	Flexibility
	Scapular control
	Rotator cuff activation

	Clinical application-surgically repaired rotator cuff tendinopathy
	Prehabilitation
	Summary
	References


