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ABSTRACT

Purpose: To provide an overview of the characteristics and timing of rotator cuff healing and provide an update on treat-
ments used in rehabilitation of rotator cuff repairs. The authors’ protocol of choice, used within a large sports medicine
rehabilitation center, is presented and the rationale behind its implementation is discussed.

Background: 1f initial nonsurgical treatment of a rotator cuff tear fails, surgical repair is often the next line of treat-
ment. It is evident that a successful outcome after surgical rotator cuff repair is as much dependent on surgical tech-
nique as it is on rehabilitation. To this end, rehabilitation protocols have proven challenging to both the orthopaedic
surgeon and the involved physical therapist. Instead of being based on scientific rationale, traditionally most rehabilita-
tion protocols are solely based on clinical experience and expert opinion.

Methods: A review of currently available literature on rehabilitation after arthroscopic rotator cuft tear repair on
PUBMED / MEDLINE and EMBASE databases was performed to illustrate the available evidence behind various post-
operative treatment modalities.

Results: There is little high-level scientific evidence available to support or contest current postoperative rotator cuff
rehabilitation protocols. Most existing protocols are based on clinical experience with modest incorporation of scientific
data.

Conclusion: Little scientific evidence is available to guide the timing of postsurgical rotator cuff rehabilitation. To this
end, expert opinion and clinical experience remains a large facet of rehabilitation protocols. This review describes a
rotator cuff rehabilitation protocol that incorporates currently available scientific literature guiding rehabilitation.
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INTRODUCTION

Rotator cuff (RC) disease is a frequent cause of shoul-
der pain and can result in weakness, alterations in gle-
nohumeral kinematics, and shoulder instability in
some circumstances.! Symptomatic rotator cuff tears
are thought to affect between 4% and 32% of the popu-
lation and appear to be more prevalent with increasing
age.” Although patient age, activity level and tear size
influence surgical decision-making, non-surgical man-
agement is frequently the preferred method of initial
treatment after a rotator cuff tear. When non-surgical
management of a symptomatic rotator cuff tear is not
successful, operative repair is frequently necessary.
Both open and arthroscopic repair of full or high-grade
partial thickness rotator cuff tears have historically
provided satisfactory pain relief and improvement in
functional outcome scores.*?

While successful arthroscopic rotator cuff repair requires
meticulous surgical technique, it is also apparent that
an individualized rehabilitation protocol supervised by
skilled therapists is equally important. Rehabilitation
protocols have traditionally varied considerably among
providers with respect to timing of progression and
appropriate therapeutic exercise.”® To this end, rehabilita-
tion protocols are frequently based on clinical experi-
ence and expert opinion rather than scientific rationale.

The purpose of this clinical commentary, therefore,
is to provide an update on current treatment strate-
gies used in rotator cuff repair rehabilitation. The sci-
entific rationale behind current treatment strategies
is discussed where available.

ANATOMY AND BIOMECHANICS

The RC consists of the tendons of the subscapularis,
supraspinatus, infraspinatus, and teres minor mus-
cles. It functions to initiate glenohumeral joint abduc-
tion, provide internal and external rotation, and
contributes to dynamic glenohumeral stability.? It has
been established that the rotator cuff is arranged his-
tologically into five interlocking layers with distinct
articular and bursal sides." The humeral insertion of
the rotator cuff represents a confluence of the articu-
lar capsule, glenohumeral and coracohumeral liga-
ments, and the rotator cuff muscles.'*!*

The coupled force vectors of the subscapularis and
teres minor muscles contribute to depression of the
humeral head in the glenoid cavity. This provides

dynamic stability to the glenohumeral joint and pre-
vents impingement of the humeral head with the
acromion during deltoid activation. They also func-
tion to prevent superior translation of the humeral
head after rotator cuff tear.!> Contrary to the rotator
cuff tendons’ ability to tolerate up to 100 N/mm of
tensile strength, the tendons’ endurance of compres-
sive and shear forces is much less.'®

The scapula also plays an important role in glenohu-
meral function by providing a stable base for muscle
activation and load transfer within the kinetic chain.
Alteration in normal scapular position or kinematics
has been termed scapular dyskinesis and can affect
rotator cuff function.'” Scapular dyskinesia has also
been described following rotator cuff tears and is
thought to represent a compensatory mechanism for
glenohumeral motion deficits.'® Irritation and inflam-
mation of the subacromial bursa, which is rich in
nerve fibers, can also lead to pain inhibition of the
rotator cuff.!?

TENDON HEALING POTENTTAL

Though some partial-thickness and some small full
thickness tears of the rotator cuff may heal spontane-
ously without surgical intervention, the natural his-
tory of rotator cuff injury appears to indicate that most
small tears will enlarge if not surgically repaired.”® It
remains unclear, however, over what time period this
is likely to occur, but enlargement is typically associ-
ated with increased pain and dysfunction. Healing of
ruptured rotator cuff tendons, therefore, only occurs
when the tendon is surgically repaired back to its foot-
print on the proximal humerus.

Histological studies suggest that three phases of rota-
tor cuff healing occur after surgical repair. These
include an inflammatory phase, a proliferative or
repair phase, and a remodeling phase.? A firm under-
standing of the timing of these phases is important to
safely individualize rehabilitation protocols after rota-
tor cuff repair. Following surgical tendon-to-bone fixa-
tion, inflammatory cells followed by platelets and
fibroblasts migrate into the repair site over the first
week and begin to proliferate over the next 2-3 weeks.
The cellular proliferation and matrix deposition of this
phase is thought to be regulated by several growth fac-
tors and initially yields primarily type III collagen.?
Approximately three to four weeks following repair,
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the remodeling phase begins and scar tissue organizes
through extracellular matrix turnover. The initial type
IIT collagen deposition is slowly replaced by type I col-
lagen, continuing until mature scar tissue is formed.*
Remodeling repair tissue does not reach maximal ten-
sile strength for a minimum of 12-16 weeks post
repair.?*** The normal tendon to bone transition includ-
ing unmineralized and mineralized fibrocartilage is not
recreated during the remodeling phase.”****> Rather,
repairing the rotator cuff to its anatomic location facili-
tates the formation of scar tissue in a manner that
secures the torn tendon to the greater tuberosity in a
more anatomic location. This, in turn, allows the rota-
tor cuff to function at an anatomic length and tension,
which is important if normal function is to be restored.

SCIENTIFIC RATIONALE BEHIND
POSTOPERATIVE TREATMENT MODALITIES
Allowing healing of the repaired rotator cuff tendon
while minimizing stiffness and muscle atrophy are
the primary goals of postsurgical rehabilitation. Unfor-
tunately, there is a paucity of high-level evidence in
the literature to support or develop various postopera-
tive rehabilitation protocols.?® Millett et al* previously
reported a widely used protective rehabilitation pro-
tocol based on available scientific evidence. Koo and
Burkhart® similarly presented both protective and
accelerated rehabilitation protocols utilized based on
individual patient risk for developing postoperative
stiffness. The protective protocol, in which muscle
strengthening exercises are delayed, is applied after
arthroscopic repair of rotator cuff tears greater than 5
cm or involving more than 2 tendons, poor tissue
quality, or repairs with greater tension.?® Each of
these protocols implement various treatment modali-
ties at different times to maximize healing and mini-
mize stiffness based on repair characteristics such as
tissue quality and repair robustness. The following
sections report on the available evidence behind these
various postoperative treatment modalities. A review
of currently available literature on rehabilitation after
rotator cuff tear repair on PUBMED / MEDLINE and
EMBASE databases was performed.

Immobilization

Postoperative stiffness is reportedly the most com-
mon complication occurring after surgical repair of
the rotator cuff, regardless of an arthroscopic or open

technique, and is likely to occur with prolonged
immobilization.?®3? Animal models, however, indicate
that postoperative immobilization can minimize the
tension on rotator cuff repairs and may lead to
improved collagen orientation and visco-elastic prop-
erties as compared to immediate postoperative exer-
cise treatment.**3*

The optimal duration of immobilization following rota-
tor cuff repair, therefore, continues to be controversial.
Though some advocate early (passive) mobilization to
reduce the rate of postoperative stiffness,**>*¢ a recent
study suggests that longer immobilization periods,
often recommended to protect surgical repairs, may
not increase the incidence of post-operative stiffness.*”
In addition, recent animal studies suggest that immo-
bilization after rotator cuff repair of at least two weeks
duration results in significantly less postoperative stiff-
ness and increased active motion.*®** The theory
behind this assertion is that passive motion increases
scar formation in the subacromial space resulting in
decreased range of motion and increased stiffness.*

The arm position during immobilization is also of impor-
tance during the early healing phase of the tendon
repair. The use of an abduction immobilizer is currently
widely used because of evidence suggesting that vascu-
larization is improved and tension on the repaired
tendon(s) is minimized in this position.”” Therefore,
immobilization of the shoulder for 4-6 weeks in a slightly
abducted position may minimize tension and maximize
vascularization of the repair. The patient may come out
of the immobilizer for supervised passive motion exer-
cises in phase I of the rehabilitation, approximately
week 1-4 postoperatively, and active assisted range of
motion when commencing to phase II, usually week 4-
6 postoperatively.

Continuous Passive Motion (CPM)

Continuous passive motion has been shown to mini-
mize postoperative pain while maintaining range of
motion following articular cartilage treatments and
joint arthroplasty of the knee.**? The potential bene-
fit after shoulder surgery, however, is less clear.
Researchers performing several prospective con-
trolled trials reported no significant difference in
clinical outcome of a group of patients treated with
CPM during the first 3-4 weeks following rotator cuff
repair compared to a control group treated without
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CPM.*3% Additionally, Dockery et al found no differ-
ence in activity of rotator cuff muscles between
mechanical CPM and manually-assisted CPM in an
electromyographic study. Higher muscle activity was
noted during patient self-assisted range of motion
exercises as compared to mechanical CPM.** To this
end, CPM may be used to help maintain motion gains
after glenohumeral manipulation while minimizing
muscle activity; however its long term benefit is
unclear and is otherwise not routinely prescribed.

Cryotherapy

Cryotherapy is used post-surgically to decrease pain,
swelling, muscle spasm, and minimize the inflamma-
tory response. Speer et al** examined the use of cryo-
therapy in a prospective, randomized, controlled
clinical trial that showed decreased pain and narcotic
medication requirement during the first 24 postoper-
ative hours. In addition, these patients had fewer pain
complaints with therapy 10 days postoperatively and
were better able to tolerate their rehabilitation. Oth-
ers confirm these findings and report increased com-
fort and improved ability to sleep.**® Some evidence
suggests that the use of pneumatic compression in
conjunction with cryotherapy may enhance the effec-
tiveness of both modalities.*” Tt is important to note,
however, that high-quality, well-controlled studies
examining the use of cryotherapy in conjunction with
pneumatic compression do not exist. Based on this
evidence the authors recommend the use of a home
cryotherapy device for 10-14 days after surgery.

Joint mobilization

Joint mobilization techniques can be used to address
joint stiffness and passive range of motion (PROM)
deficits. Muraki et al demonstrated that glenohumeral
distraction as well as anterior and posterior transla-
tional glides do not significantly alter stress on
repaired supraspinatus tendons with the arm in rest-
ing position (30 degrees abduction in the scapular
plane).”® In particular, posterior translational glides
have shown to significantly increase external rotation
range of motion in patients with stiff shoulders. These
mobilizations are performed after positioning the
extremity in the maximum available abduction and
external rotation.* The glides can be included in the
early stages of rehabilitation at lower grades to assist
in decreasing pain and guarding. Once the patient

has progressed to 4-6 weeks after surgery, the mobili-
zations can be progressed to higher grades with the
extremity positioned into maximum available abduc-
tion and external rotation.

Joint exercises and healing phases

Rehabilitation protocols are frequently divided into
four phases; progressing from a maximum protection
phase to a minimum protection phase. Within each
phase, the patient experiences a gradual rotator cuff
loading progression. Within each phase, the patient
experiences a gradual rotator cuff loading progression
based on studies detailing electromyography (EMG)
activation of the rotator cuff during specific activities.

Activities resulting in minimal EMG activity begin
in earlier phases when repair integrity and avoid-
ance of stresses to the repair which could induce
gapping is critical, whereas strengthening exercises
that create higher EMG activity begin in later
phases.’*>® By following this gradual progression of
increasing EMG activity the authors facilitate protec-
tion of repair during the inflammation and prolifera-
tive phase when repaired tissue is immature and
collagen reorganization in later phases once a thresh-
old of stability is achieved. Pain, passive and active
range of motion (ROM), and strength goals must be
achieved within the present phase prior to initiating
subsequent rehabilitation phases.

Some debate exists regarding early mobilization ver-
sus immobilization following arthroscopic rotator
cuff repair. Denard et al performed a systematic
review of articles related to postoperative stiffness
following arthroscopic rotator cuff repair. They
found stiffness to be more common in patients who
were immobilized when compared to patients treated
with an immediate passive range-of-motion protocol
or a modified protocol that included early closed
chain passive overhead stretching for patients who
were in the at-risk group for postoperative stiffness.>
However, the authors suggest there may be a posi-
tive relationship between stiffness and rotator
cuff healing with stiffness being considered a com-
plication and recurrent rotator cuff tear a failure.
Therefore the authors recommend a period of immo-
bilization to encourage rotator cuff healing with
modifications of rehabilitation protocols based on
risk factors for post-operative stiffness that include:
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(1) small tear size; (2) worker’s compensation; (3)
age <50; (4) calcific tendinitis; (5) adhesive capsuli-
tis and, finally, (6) concomitant labral repair.

The following protocol incorporates gentle, partner-
assisted, oscillatory passive range of motion to gradu-
ally increase patient range of motion while minimizing
pain and stress to the repair. By avoiding any stretch-
ing into the end ranges of motion the authors believe
that it is possible to avoid stressing the repair and
limit any un-necessary increase in the inflammatory
response. The patient is advanced to the next phase
once the patient has achieved passive and active
range of motion goals in addition to meeting the estab-
lished time lines required for progression to next
phase of rehabilitation.

PROPOSAL OF AN EVIDENCE-BASED
APPROACH TO ROTATOR CUFF
REHABILITATION

Postoperative rehabilitation following RC repair
begins with close communication between the sur-
geon, his or her medical staff, and the physical ther-
apy team. A review of surgical findings, such as the
size of the tear, which tendons are involved, tissue
quality, repair method, and concomitant procedures
performed, is mandatory to establish rehabilitation
guidelines. This communication continues through-
out the recovery process and is an essential compo-
nent in ensuring a successful outcome. Once the
post-operative restrictions have been established,
either a conservative (Appendix A) or moderate
(Appendix B) rehabilitation protocol is selected and
customized based on patient age, tear size, tissue
quality, security of repair and additional procedures
performed. Geriatric patients with large tears or poor
tissue quality often require a conservative protocol,
while younger patients with good tissue quality or a
small tear would be appropriate for a moderate
approach. Ultimately, the surgeon must communi-
cate important findings so the course of treatment is
appropriate for the patient.

The conservative protocol is characterized by either a
delay in the initiation of and/or restriction of passive
range of motion (PROM). It is common for PROM
restrictions to last for 2-4 weeks. The aim is to minimize
stress placed on the repaired tissues to facilitate early
tissue healing. The moderate protocol is characterized

by initiating PROM on postoperative day 1 while main-
taining tolerable pain levels.

A home exercise program (HEP) should be incorpo-
rated into each phase of rehabilitation taking into
account the post-operative restrictions that may apply.
Initial HEP may include cervical, elbow, wrist, and
hand AROM. A HEP should be provided regularly and
individualized to address the observed impairments
during periodic assessments throughout the phases.

Phase I

Regardless of the determined protocol, protection of
the repaired tissue should be the focus of the initial
phase of post-operative rotator cuff rehabilitation. How-
ever, there should be equilibrium between the promo-
tion oftendon healing and preventing the development
of postoperative adhesions. As previously mentioned,
solid communication between surgeon and rehabilita-
tion provider is mandatory. Depending on the integ-
rity or location of the repair, certain passive motions
(e.g. internal and external rotation, flexion, and abduc-
tion) may be restricted to protect sensitive repairs.

Directly following the repair the integrity of the repair
relies mainly on the suture construct. Soon afterwards,
collagen deposition and growth factors increase, with
a peak increase around 10 days after surgery and a
plateau phase is reached 28-56 days after the repair.?#*
The newly formed collagen network at this point still
requires gentle stresses to positively affect fiber orien-
tation however, the repair should not be exposed to
the excessive forces imposed by active motion.

Within both the conservative and moderate treatment
guidelines, passive range of motion of the glenohu-
meral joint begins as soon as it is deemed safe to mini-
mize potential joint stiffness.” Gentle joint oscillations
in short-arm traction can be a useful technique to
reduce muscle guarding and pain (Figure 1 A-D).
PROM is progressed with caution, understanding that
therapist-assisted passive motion (Figure 2) may be
safer than other more active techniques due to the
inherent increase in muscle activation present with
other more active activities (i.e. use of pullies).***> Pas-
sive motion continues until symmetrical and pain free
motion is achieved compared to the contralateral shoul-
der. In cases where the contralateral shoulder is symp-
tomatic, PROM is continued until pain free motion is
achieved that falls within established norms.**>”
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Figure 1 A-D. Gentle joint oscillations in short-arm traction and various degrees of rotation with the arm in slight abduction.
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Figure 2. Therapist-assisted passive range of motion
exercise of forward flexion.

When the shoulder is at rest, a neutral rotation sling is
used throughout the first phase of rehabilitation. It is
prudent during this phase to introduce prophylactic
active motion of the elbow, wrist, hand, and cervical
spine as well as postural education. Acute periscapu-
lar activation in the form of isolated scapular depres-
sion, protraction performed from a neutral position
and back to neutral after each repetition, are appropri-
ate and has shown to exhibit minimal posterior RC

Figure 3 A-B. Isolated scapular depression and protraction.

cuff activity (Figure 3 A-B).*® Scapular clock exercises
and scapular retraction should be prescribed with dis-
cretion as these have been shown to increase EMG
activity of the supraspinatus muscle to unsafe levels.>®
Pendulum exercises can also be performed if done
with small concentric circles of approximately 20 cm
in diameter. This generates less than 15% of maxi-
mum voluntary isometric contraction activity in the
supraspinatus and infraspinatus muscles.*

The criteria to progress from phase I to phase II
include: (1) passive forward flexion to at least 125
degrees; (2) passive external rotation in scapular
plane to at least 75 degrees; (3) passive internal rota-
tion in scapular plane to at least 75 degrees; (4) pas-
sive glenohumeral abduction to at least 90 degrees
in the scapular plane.

Phase II

Phase two begins when the patient is cleared by the
surgical team to begin active assisted range of motion
(AAROM) followed by active range of motion (AROM).
Rehabilitation criteria should include adequate PROM
for advancement, minimal substitution patterns with
PROM exercises (i.e. shoulder hiking with elevation)
and minimal pain with PROM.

This phase typically commences 4-8 weeks after sur-
gery, but may be delayed, depending on the age of
the patient®™, comorbidities,* and quality and size of
the repair.5#%® From a histological perspective, the
inflammatory and repair phases should have passed,
and the healing progressed to the remodeling phase.
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Figure 4 A-B. Active-assisted range of motion exercises
of internal rotation with the aid of a cane (A) and forward
flexion with the help of the uninvolved limb (B).

The application of low level forces during this time-
frame aids in orienting the fibers within the collagen
matrix and enhancing the tensile strength of the
repair.?*

The authors suggest the use of AAROM during this
timeframe, including supine glenohumeral external
and internal rotation with a cane as well as supine
flexion with the assistance of the uninvolved limb
(Figure 4 A-B). An alternative AAROM technique is
having the patient perform circles on a physioball
placed on a table as the patient stands facing the ball
with his hand and forearm resting on the ball. The
authors believe this technique to incorporate most
cardinal plane motions in one exercise. With the
extremity supported on the ball, rotator cuff activity
is likely diminished.

At this time, slow AROM exercises performed while
submerged in neck deep water can also be a viable

Figure 5. Stimulation of scapulothoracic musculature in
the prone position.

adjunct to land-based rehabilitation to improve gle-
nohumeral joint range of motion.® Active forward
elevation performed in the scapular plane in a pool
at 30° per second has shown to have less rotator cuff
EMG activity, in terms of percent of maximal volun-
tary isometric contraction®, than various land-based
AAROM exercises performed in the same plane.
This offers patients a supported and safe environ-
ment to perform various active motions that will not
place healing tissue in jeopardy.

Establishing proper neuromuscular control of the
musculature of the shoulder girdle is essential to
regaining full function following a rotator cuff repair.
There is inherent risk in the post-operative shoulder
for development of impaired scapulothoracic kine-
matics. If normal scapulothoracic kinematics are not
restored, impingement syndrome may re-emerge.>%”
Muscle force production and timing of contractions
must be considered. The authors suggest using the
prone position to help initiate proper muscle fiber
activity patterns, particularly in the rhomboids and
trapezius muscles. Scapular retraction/depression can
help to deemphasize an often dominant upper trape-
zius muscle (Figure 5). The serratus anterior can be
initially emphasized in the supine position with scap-
ular protraction in 90 degrees of glenohumeral joint
flexion, which is progressed to protraction at 120
degrees of flexion. Furthermore, the un-weighted
bench press series serves as a good systematic pro-
gression to address active forward elevation and func-
tional impairments; beginning in supine, then reclined
and semi-reclined, and then upright sitting position as
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Figure 6 A-B. The ‘salute’ exercise. Beginning (A) and ending (B) positions.

Figure 7. Open chain proprioceptive exercise with the
patient in supine position and the involved upper extremity
held in 90° of forward elevation.

tolerated. Side lying external rotation, when performed
properly, incorporates scapular stabilization with high
infraspinatus and teres minor activity.®® Scapular
plane elevation (scaption) with a flexed elbow, also
known as “the salute exercise”, is an effective way to
initiate recruitment of the supraspinatus muscle fibers
(Figure 6 A-B). This exercise can be progressed to “the

full can activity”, which is known to exhibit high supra-
spinatus muscle activity.>*>?

In addition, sub-maximal isometric external and inter-
nal rotation exercises and open-chain proprioceptive
activities can be initiated at this time. These activities
will gradually restore muscle strength and propriocep-
tion thereby establishing muscular balance. The exer-
cises are performed with the arm below shoulder
height, elbow flexed to approximately 90 degrees, held
in a neutral rotation position with a towel roll placed
between the elbow and trunk. The patient is asked to
generate a force into internal rotation or external rota-
tion, resisting with their uninvolved upper extremity,
starting at approximately 25% of maximal effort and
gradually increasing to 50-75% of maximal effort with-
out reproducing pain. Open chain proprioceptive exer-
cises are performed with the patient lying supine with
the involved shoulder held in 90° of forward elevation
(Figure 7). The patient is then instructed to draw cir-
cles and the alphabet in the air utilizing small, con-
trolled motions. Also during this phase, any PROM,
AROM, or soft tissue flexibility limitations must con-
tinue to be addressed as needed. To progress from
phase II to phase III, the patient must have full active
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Figure 8 A-B. ‘Bear hug test’; horizontal adduction of both upper extremities in an axial plane, following an imaginary arc at
approximately 60 degrees of elevation until maximum scapular protraction is obtained by touching fists together (B).

range of motion as compared to the contralateral shoul-
der with no signs of scapular dyskinesia.

Phase 111

Phase three is characterized by initial rotator cuff
strengthening. This phase may begin when the
patient demonstrates adequate passive and active gle-
nohumeral range of motion, absent of substitution
patterns, with acceptable scapulothoracic kinematics.
The initiation of this phase is dependent on factors
mentioned previously, such as tear size, tissue qual-
ity, and timing restrictions presented by the surgeon,
as well as the clinical discretion of the therapist. Typi-
cally, this phase may begin between 8-12 weeks after
surgery. At this point, tendon-to-bone healing should
be able to endure the initiation of strengthening exer-
cises. PROM and AROM exercises are continued if
necessary, based upon therapist discretion.

During this phase, the patient progresses to isotonic
and light closed chain stability exercises. The shoul-
der external and internal rotators are strengthened
by performing said motions with the arm below
shoulder height utilizing elastic resistance and with
a towel roll placed between the arm and trunk to

encourage proper technique, thereby minimizing
substitution patterns. To initiate strengthening of
the serratus anterior muscle, a bear hug exercise
using elastic resistance is performed similar to the
dynamic hug test described by Decker et al.>® The
bear hug exercise is performed while standing with
the back toward the wall, knees slightly bent, and
the feet shoulder-width apart. The elbows are flexed
to 45°, the arms are abducted 60° out from the trunk,
and the shoulder is internally rotated to 45°. The
patient then performs horizontal adduction of both
upper extremities, following an imaginary arc at
approximately 60 degrees of elevation until they
obtain maximum scapular protraction by touching
their fists together as to mimic a hugging motion
around a cylindrical object (Figure 8 A-B). The
patient then slowly returns to the starting position
as described above.

The standing sport cord row exercise is used to
strengthen the trapezius and rhomboid musculature
(Figure 9), both important scapular stabilizers, in a
fashion similar to the prone rowing type exercise
that has been reported to elicit high levels of trape-
zius and rhomboid muscle activity in EMG studies.>"
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Figure 9. The standing sport cord row exercise in order to
strengthen the trapezius and rhomboid musculature.

The prone lower trapezius exercise is similar to the
prone full can exercise described by Ekstrom et al
and was shown to elicit the greatest amount of EMG
activity in the lower trapezius muscle.”

To address the biceps and triceps brachii muscles,
conventional biceps curl and triceps extension exer-
cises are used with either isotonic free weight resis-
tance or elastic tubing (Figures 10 A-B and 11 A-B).
Besides its role in forward flexion of the glenohu-
meral joint, the contribution of the long head of the
biceps tendon to the stability of the glenohumeral
joint (due to its’ intra-articular insertion) is unclear
and the results of in vitro studies and recent in vivo
studies contradict.®®” The triceps brachii acts as both
a shoulder and elbow extensor and is active in closed-
chain isotonic exercises like a chest press or in closed-
chain stability exercises that are performed in the
plank or quadraped positions.”

Initial closed chain stability exercises are started to
improve neuromuscular control of the shoulder com-
plex. Rhythmic stabilization in the quadruped position
utilizing weight shifts and perturbations can be uti-
lized to improve static control through compressive
forces acting through the glenohumeral joint, which
increase muscle activation and improve static stability
of the shoulder complex.”” Once the patient is pain-
free with activities of daily living and demonstrates
ability to tolerate all phase III strengthening exercises
without pain they can be progressed to phase IV.

Figure 10 A-B. Conventional biceps curl exercises with free weight resistance.
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Figure 11 A-B. Triceps extension exercises with free
weight resistance.

Phase IV

The advanced strengthening phase can typically be
initiated approximately 12-16 weeks following rota-
tor cuff repair. At this point, the remodeling phase is
close to completion and the repaired rotator cuff tis-
sue is relatively mature, therefore able to withstand
greater stresses as compared with stresses encoun-
tered in earlier phases. The patient should be pain-
free with activities of daily living and demonstrate
the ability to tolerate all phase III strengthening exer-
cises without pain or substitution. In addition, the
patient should be able to perform active motions at
multiple angles without signs of scapular dyskinesia.
This phase is a progression of the previous phase and
a transition to sport-specific rehabilitation activities
and endurance of maximum tensile strength.?>3

Progressive strengthening of the posterior cuff mus-
cles is accomplished in a standing position while per-
forming external rotation of the shoulder at 45 degrees

of abduction utilizing elastic resistance (Figure 12 A-
B). This ensures high levels of infraspinatus and teres
minor activation. By performing external rotation
exercises at 90 degrees of abduction, supraspinatus
muscle activity is optimally generated.®””

The scapulothoracic articulation is also addressed
using several exercises chosen to specifically target
the scapular stabilizers. To further strengthen the ser-
ratus anterior muscle, a punch with a plus exercise
utilizing elastic resistance is performed. This exercise
combines the bench press and the supine scapular
protraction exercises used for AROM in phase II that
have shown to elicit high EMG activity of the serratus
anterior muscle. This exercise is performed standing,
facing away from the elastic resistance attachment
with the hands held at shoulder width and chest
height, holding onto the resistance band or cord. The
upper extremities are then extended forward away
from the body similar to a bench press motion at
approximately 120 degrees of forward elevation fol-
lowed by protraction of the scapula.’®*' Additionally,
the push-up with a plus progression is a more advanced
exercise that strengthens the serratus anterior muscle
(Figure 13).%° It gradually increases gravity resistance
and begins with pressing against a wall, progressing to
the edge of a table, and finally to the floor.

Advanced rhythmic stabilization training is instituted
having the patient stabilize their upper extremity in a
position of 90° of external rotation and 90° of forward
elevation in the scapular plane (“statue of liberty posi-
tion”). Once in this position the patient is challenged to
maintain this position against elastic resistance while
performing rapid oscillations with a rubber bar (Figure
14). This exercise can be modified by rotating around
the patient, altering the direction of pull, as they per-
form the exercise. Additionally, advanced closed chain
stability exercises are performed in the quadruped posi-
tion while stepping on and off steps of various heights
and angles. Manual resisted proprioceptive neuromus-
cular facilitation through diagonal resistance exercises
can be implemented at this time to continue the pro-
gression of thythmic stabilization with the added benefit
of the physical therapist being able to apply varying
amounts of resistance in multiple planes of movement.

Finally, plyometrics for the upper extremity may be
initiated towards the end of this phase to train the
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Figure 12 A-B. Strengthening of the posterior rotator cuff by performing external rotation against elastic resistance with the
arm in 45° of abduction.

Figure 13. The push-up plus progression exercise. Figure 14. The ‘Statue of Liberty’ exercise.
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Figure 15 A-B. Throwing exercises against a rebounder starting at or near shoulder height (A) progressing to the overhead

position (B).

shoulder and upper extremity musculature to dissi-
pate forces similar to what would be encountered
once the patient returns to sport. Typically the patient
will start by performing bilateral throws and progress
to unilateral throws against a wall, rebounder, or by
involving a partner using progressively heavier
weighted balls. These exercises should start at posi-
tions at or near shoulder height progressing to the
overhead position (Figure 15 A-B). Due to the aggres-
sive nature of these exercises, collaborating with the
orthopedic team to evaluate the appropriateness of
these exercises is necessary. The patient’s age, the
sport he or she is returning to, and the integrity and
size of the cuff repair should all be carefully consid-
ered before implementing these exercises into a plan
of care.

Return to sport

A gradual, progressive return to sport rehabilitation
plan is initiated after completing phase IV and prior
to returning to competitive sporting activities. The
interval sports program should begin only after the
patient has been cleared by the surgeon and has

achieved symmetric motion and strength, normal-
ized scapulothoracic kinematics, and has no com-
plaints of pain at rest or with activities.

Sports specific training exercises should only be
commenced when the patient is fully rested and
after a 5-10 minute cardiovascular warm-up. The
program should be performed three times per week
with at least one rest day in-between sessions. To
advance to the next level the patient must be able to
complete the prior level without pain or limitations.
A maintenance exercise program focusing on cardio-
vascular endurance and flexibility along with scapu-
lothoracic, rotator cuff, lower extremity, and core
strength should be performed on alternate days.

An interval golf program is an example of a return to
sport program that should be completed prior to
returning to full, unrestricted golf play. The program
is initiated with putting and chipping and gradually
works through short, medium, and long distance
irons and woods. Once the patient is able to work
through all clubs and equal the approximate number
of strokes expected in 9-holes of golf without pain or
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soreness, then they can play 9-holes of golf on a
course. If they can successfully complete 3 rounds
of 9-holes without pain or soreness they may then
progress to playing 18-holes.”

An interval tennis program is another example of a
return to sport program that should be utilized prior to
returning to full, unrestricted tennis play. The program
for tennis players progresses from limited number of
forehand and backhand ground strokes progressing to
overhead serves and culminating in a return to com-
petitive matches occurring over a 4 week period.”

CONCLUSIONS

This review describes a rotator cuff rehabilitation
protocol that incorporates currently available scien-
tific literature guiding rehabilitation. To this end,
expert experience remains a large facet of rehabilita-
tion protocols.

Postoperative rehabilitation following RC repair
begins with close communication between the sur-
geon, his or her medical staff, the patient, and the
physical therapy team. A review of surgical findings
is mandatory to establish rehabilitation guidelines.
This communication continues throughout the recov-
ery process and is an essential component in ensur-
ing a successful outcome. Once the post-operative
restrictions have been established, either a conserva-
tive or moderate rehabilitation protocol is selected
and customized based on surgical findings. The con-
servative protocol is characterized by either a delay
in the initiation of and/or restriction of passive range
of motion. It is common for restrictions to last for 2-4
weeks. The aim is to minimize stress placed on the
repaired tissues to facilitate early tissue healing. The
moderate protocol is characterized by initiating pas-
sive range of motion on postoperative day 1 while
maintaining tolerable pain levels.

LIMITATIONS AND FUTURE RESEARCH
Rehabilitation protocols have traditionally varied
considerably between providers with respect to tim-
ing of progression and appropriate therapeutic exer-
cise. Rehabilitation protocols are frequently based
on clinical experience and expert opinion rather
than scientific rationale. Future research could be
focused on more detailed timing and quality of pro-
gression through rehabilitation.
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Appendix A. Conservative rehabilitation protocol following arthroscopic rotator cuff repair.

Arthroscopic Rotator Cuff Repair - Moderate Rehabilitation

Name DOS:

Dr. DX:

®= Do exercise for that week/month

Week

PROM

Restrictions
FE: Full

Phase | — Maximal Protection
Passive Range of Motion (PROM)

DATE

Scapular Retraction-Depression °

Cervical ROM Exercises °

ER: Full

Elbow/Hand/Wrist ROM °

IR: To Belly

Pendulums

ABD: Full

Aqua Therapy for Gentle AAROM

Begin full AROM:
5-6 weeks

Ankle Pumps to prevent DVT's °

Passive ROM

External Rotation Continue PROM until full ROM

Sling
5-6 weeks

Forward Elevation & Scaption is achieved.

Abduction

Internal Rotation to Belt Line

Internal Rotation (Gentle)

T.E.D. Hose

2 weeks to prevent DVT

Time Lines
Week 1 (POD 1-7)

Phase II-Minimal Protection Active
Range of Motion (AROM)

=
N
w
~
(3]
o
~N
o]
0
=
o
@
=
~N

21 25

Active Assist ROM

Internal & External Rotation [ ®

Forward Elevation & Scaption ° °

Isometrics-Light

Internal/External Rotation

Biceps/Triceps L] [ °

Active ROM

Sidelying External Rotation ° ° ° °

Week 2 (POD 8-14)

Week 3 (POD 15-21)
Week 4 (POD 22-28)

Forward Elevation & Scaption
(lawn chair progression)

Salutes (lawn chair progression)

Prone Horizontal Abduction w/ ER

Prone Lower Traps to 60

Prone Extensions with ER

Open Chain Proprioception

Low Load Prolonged Stretches

Door Jam Series

Towel Internal Rotation

Cross Arm Stretch

Sleeper Stretch

TV Watching Stretch

90/90 External Rotation Stretch

Activities of Daily Living (ADL’s)

~N

©

21

25

Eating/Drinking (Elbow motion ok)

Dressing

Washing/Showering

Use Uninvolved Arm Only

Computer with supported arm

Driving

Lifting up to 5 Ibs.

Overhead Activity

Lifting greater than 5 Ibs.

The intent of this protocol is to provide guidelines for progression of rehab. It is by no means intended to serve as a substitute

or clinical deci

sion making.

Progression through

each phase of rehab is based on clinical criteria and time frames as appropriate It is important that each phase of rehab is mastered prior to initiating the next phase to insure

proper healing of repaired tissues.
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Appendix B. Moderate rehabilitation protocol following arthroscopic rotator cuff repair.

Arthroscopic Rotator Cuff Repair - Conservative Rehabilitation

Na

®= Do exercise for that week

me

DOS:

Dr.

DX:

Week

No PROM x 10-14 days

PROM Restrictions
FE: 120° week 3

Phase | — Maximal Protection
Passive Range of Motion (PROM)

DATE

Scapular Retraction-Depression

Cervical ROM Exercises

ER: 30° week 3

Elbow/Hand/Wrist ROM

IR: To Belly

Pendulums

ABD: 90° week 3

Aqua Therapy for Gentle AAROM

Begin full AROM:
6-7 weeks

Ankle Pumps to prevent DVT's

Passive ROM

External Rotation

30

Sling
6-7 weeks

Forward Elevation & Scaption

120

Continue PROM until full ROM

is achieved.

Abduction

Internal Rotation to Belt Line

Internal Rotation

Begin Internal Rotation gently
as this will stretch the rotator
cuff repair.

T.E.D. Hose
2 weeks to prevent DVT's

Time Lines
Week 1 (POD 1-7)
Week 2 (POD 8-14)

Week 3 (POD 15-21)
Week 4 (POD 22-28)

Phase II-Minimal Protection Active
Range of Motion (AROM)

o

~N

o]
0

10 13 17 | 21 25

Active Assist ROM

Internal & External Rotation

Forward Elevation & Scaption

Isometrics-Light

Internal/External Rotation

Biceps/Triceps

Active ROM

Sidelying External Rotation

Forward Elevation & Scaption
(lawn chair progression)

Salutes (lawn chair progression)

Prone Horizontal Abduction w/ ER

Prone Lower Traps to 60

Prone Extensions with ER

Open Chain Proprioception

Low Load Prolonged Stretches

Door Jam Series

Towel Internal Rotation

Cross Arm Stretch

Sleeper Stretch

TV Watching Stretch

90/90 External Rotation Stretch

Activities of Daily Living (ADL’s)

Eating/Drinking (Elbow motion ok)

Dressing

Washing/Showering

Use Univolved Arm Only

Computer with supported arm

Driving

Lifting up to 5 Ibs.

Overhead Activity

Lifting greater than 5 Ibs.

The intent of this protocol is to provide guidelines for progression of rehab. It is by no means intended to serve as a substitute

or clinical deci

sion making. Progression through

each phase of rehab is based on clinical criteria and time frames as appropriate It is important that each phase of rehab is mastered prior to initiating the next phase to insure

proper healing of repaired tissues.
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Initial Push-up Plus ° ° ° [ ° [
Initial Closed Chain Stability ° ° ° ® [ ®
External Rotation at 45° ° [ ° [
Bear Hugs ° [ ° [
External Rotation at 90° ° [ ° [
Statue of Liberty ° ° ° °
Advanced Push-up Plus ° °
Advanced Closed Chain Stability ° °
PNF with Resistance ° [ ° °
Decelerations

Plyometric External Rotation

CRITERIA: FULL PAINFREE MOTION AND FULL ROTATOR CUFF STRENGTH RESTORED
NO LAT PULLS BEHIND BACK, OR WIDE GRIP BENCH PRESS
Skiing ° I °

Throwing Progression

Ovetheodllcnncli S”ervinlg Sports Check with
(tennis, volleyball, golf) MD
Contact Sports

(football, hockey, lacrosse)

Swimming [ I °

Therapist:
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