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Abstract

Rotator cuff pathology can contribute to shoulder pain, weakness, and limitations to both activities and work.
Surgical repair via open or arthroscopic techniques is associated with improved function and patient satisfaction.
Success of repair depends on several factors that include patient age, tear size, type of fixation, smoking status, and
compliance with the postoperative therapy. Both meticulous surgical technique and postoperative rehabilitation are
essential to patient outcomes. Controversy exists as to the timing of motion after rotator cuff repair. Recent evidence
suggests that early range of motion is not detrimental to the healing process and reported similar functional results
when compared to immobilization. Postoperative therapy should be individualized based on the size of tear, type of
repair, and specific patient factors. Essential components include four basic phases ranging from passive range of
motion to the final stage of advanced strengthening. Both aquatherapy and self directed home exercises have been
shown to be advantageous in the postoperative phase. Physicians must educate the patient and also collaborate
with the physical therapist during all phases of the postoperative rehabilitation phase to improve outcome and patient

satisfaction.
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Introduction

Rotator cuftf pathology is a common cause of shoulder pain,
weakness, limitations to daily activity, and time off from work [1,2].
The prevalence of full thickness tears in the general population is about
20% and markedly increased after the age of 50. Patients in the seventh
decade have a 50% prevalence of rotator cuff tears which increases to
over 80% in patients in the eighth decade of life [1,3]. However not
all patients with a full thickness tear are symptomatic. Tempelhof et
al. [4] reported between 31 to 51% of asymptomatic patients greater
than 70 years of age had full thickness rotator cuff tears confirmed by
ultrasound examination. In the symptomatic patients, rotator cuff repair
has been associated with improved function, pain relief and patient
satisfaction [5-7]. Factors associated with success include patient age,
activity level, size of the tear, smoking status, and compliance with the
postoperative rehabilitation protocol [6-8]. Both the surgical technique
and postoperative rehabilitation therapy are essential to maximize
recovery and improve function. Significant variations exist between
protocols after rotator cuff repair relating to the timing, passive motion
or immobilization, types of strengthening exercises, and return to
work status [8-18]. The purpose of this review article is to provide an
overview of the rotator cuff anatomy, classification, repair technique,
basic science of tendon healing, and the currently available evidence
on the postoperative rehabilitation protocol after surgical repair.
Furthermore, we will also discuss and illustrate self-directed exercises
and different phases of physical therapy based on the available scientific
rationale.

Anatomy

The shoulder is a minimally constrained ball and socket joint. The
shallow glenoid allows for a wide range of motion. Passive motion is
determined by bony anatomy, ligamentous and capsular restraints, and
musculotendinous structures that surround the shoulder. Shoulder
motion can be grossly divided into scapulothoracic and glenohumeral
motion. The scapula provides a stable base for muscle activation and
load transfer. Abnormal scapular thoracic motion can affect rotator

cuff and shoulder function, which increases the risk of impingement
syndrome [8,19,20]. Rotator cuff muscles provide essential balance
to the glenohumeral joint via compression of the humeral head on
the glenoid. The supraspinatus originates on the posterior aspect of
the scapula, superior to the spine, and inserts on a footprint of the
greater tuberosity of the humerus. The infraspinatus originates on the
posterior aspect of the scapula, inferior to the spine, and also inserts
on the greater tuberosity of the humerus. Although the footprints of
the supraspinatus and infraspinatus tendons have been delineated and
often described as separate units, anatomic evaluation has shown that
the tendons fuse into one structure at their insertion on the greater
tuberosity [21,22]. Furthermore, the supraspinatus tendon footprint
on the greater tuberosity is significantly smaller than the infraspinatus
tendon footprint [21,22]. The teres minor originates on the posterior
surface of the axillary border of the scapula, and inserts below the
supraspinatus insertion on the greater tuberosity and immediately
inferior to the greater tuberosity. The supraspinatus, infraspinatus,
and teres minor make up the posterosuperior rotator cuff, which
is responsible for abduction, forward flexion, and external rotation
moments [1,19,23,24]. The subscapularis muscle is the only rotator cuff
muscle that originates anterior to the scapula. It has a broad origin on
its anterior surface, and inserts on the lesser tuberosity of the humerus.
It provides an internal rotation moment to the humerus and also
anterior shoulder stability [24].
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Rotator Cuff Tears

Rotator cuff tears are associated with pain and dysfunction of the
shoulder. Etiologies include acute injury or more commonly age-related
degenerative changes to the tendon that leads to partial and then full
thickness tears. Epidemiology of rotator cuff tears is difficult to assess
based on the variance in symptoms. A study of 1366 individuals with
rotator cuff tears identified by ultrasound reported 36% of individuals
had symptoms, and 17% of individuals without symptoms, with
associated risk factors including increasing age, hand dominance, and
a history of trauma [1].

Rotator cufftearsare commonly classified topographicallyaccording
to the location of the tear and by describing their geometric shape [25].
Four main patterns have been described: Type 1- crescent shaped tears
are typically short in the medial to lateral direction and wide antero-
posteriorly; Type 2- Longitudinal tears can have a “U” or “L” shape and
are long and narrow; Type 3- Massive and contracted tears are long
in the medial to lateral direction and wide anteroposteriorly (Figure
1); and Type 4- Massive tears associated with significant glenohumeral
arthritis and loss of the acromiohumeral interspace [26]. Appreciation
and understanding of the tear pattern is helpful for determining repair
technique, which will ultimately affect the postoperative outcome and
rehabilitation protocol (Figure 2).

Prognostic information can also be gained from the amount of
retraction of the rotator cuff, and the degree of fatty infiltration in the
muscular tissue. Tear retraction of the supraspinatus can be measured
in the coronal plane, and is classified based on whether the tendon
stump is near the bony insertion (Stage 1), at the level of the humeral
head (Stage 2), or at the level of the glenoid (Stage 3) [25]. For optimal
outcomes, it is preferable to repair rotator cuff tears before irreversible
muscle damage takes place. Fatty degeneration of the muscle is used
as an indicator of muscle quality [27,28]. It is quantified by Goutallier
using sagittal plane computed tomography as: Stage 0/normal
muscle; Stage 1/some fatty streaks; Stage 2/less than 50% fatty muscle
infiltration; Stage 3/50% fatty muscle infiltration (Figure 3); or Stage 4/
greater than 50% fatty muscle infiltration [29].

Repair Techniques

Many different techniques exist to repair a rotator cuff tear and
there have been considerable developments over the last two decades
with the aim of becoming less invasive (open to arthroscopic). The goal
of the surgical repair is to get the tendon to heal to the bone to restore
pain-free movement for the patient. Success often depends the balance
between the speed of healing and the stress that can contribute to
failure. In terms of surgical approach to the rotator cuff tear, three main
ways exist that include open, mini-open and arthroscopic. In all of these
methods, an acromioplasty is commonly performed to increase the
subacromial space to protect the repair and reduce post-operative pain
[30]. However, there is controversy as to the necessity of subacromial
decompression in patients with rotator cuff pathology [31]. An open
technique may be indicated if a tear is particularly large or complex. The
mini-open technique typically involves splitting the deltoid to perform
the repair. With improvement in arthroscopic instrumentation, more
and more surgeons are opting for the arthroscopic method for cuft
repairs. There are several potential advantages to arthroscopic repair
for the patient, including less post-operative pain, less time in hospital,
quicker return to work and sport and less wound complications [5-7].

The type of repair performed is dependent on several factors
including the surgeon’s experience with a technique, the size of the
tear, the patient’s anatomy and the quality of the tissue and bone and

much controversy surrounds the ‘best’ rotator cuff repair technique.
McLaughlin [32] described the principles for successful repair which
1) debride the bone back to bleeding cancellous bone, 2) taking the
tendon back to vascularized tissue and 3) to performing a tension free

Figure 1: Intraoperative arthroscopic picture from the anterior portal
demonstrating a massive and retracted tear along in the medial to lateral
direction. This tear would be classified as a Patte type 3 or a large grade
rotator cuff tear.

Figure 2: Intraoperative arthroscopic picture from the lateral portal showing
the double row repair of the large rotator cuff tear. The cuff is reduced onto
the great tuberosity.

Figure 3: Axial T1 Weight MRI showing the “Fishbone sign” with fatty infiltration
of the subscapularis and infraspinatus muscle (Goutalier grade 3 or 4).
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repair taking the tear pattern into consideration. Several techniques
have evolved which can be grouped together as single row, double
row (including suture bridge) and transosseous repair. Both single
and double row involve using anchors in the greater tuberosity with
sutures to attach the cuff to the bone. The anchors are made of either
metal, plastic or PEEK (polyetheretherketone). In single row repair, a
single row of anchors is placed at the greater tuberosity and sutures
from the anchor are used to fix the cuff. Double row repair consist of
two independent rows (medial and lateral row) of anchors and sutures
or a trans osseous double row can also be performed without anchors.
The advantages of double-row repair are that it reproduces the original
anatomy via increasing the tendon contact area to the footprint, which
may lead to a more ‘watertight’ repair. The disadvantages are that it is
more technically demanding, and is associated with increased surgical
time and costs [20,33]. Although biomechanical studies have shown
superiority of the double row repair [34], there is no clinical evidence
that the double row repair resulted in better functional improvement
when compared to the single row repair [35].

Tendon to Bone Healing

Radiographic studies have shown between 11%-95% failure rate (re-
tear) at the repair site two years post operative after either arthroscopic
or open repair. This is dependent on the size and chronicity of the tear,
presence of fat infiltration, the age and health status of the patient and
their smoking habits [36]. It is important to understand the histology
and biology that occurs during the healing process, which will lead to
rehabilitation programs that will optimize healing rate and improve
functional results. Attachment of a compliant material (tendon) to a
stiff material (bone) presents a fundamental engineering challenge.
The tendon’s mechanical properties and composition change as it
approaches its insertion onto bone. This “graded morphology” is
presumed to aid in the efficient transfer of load between the two
materials [37].

Our understanding of tendon healing to bone is largely based on
animal studies which consists of three stages: Inflammation, repair
and remodeling [8]. An understanding of the timing of these phases
is important for the rehabilitation protocols after rotator cuff repair.
Following surgical tendon-to-bone fixation, inflammatory cells along
with platelets and fibroblasts migrate into the repair site during the first
week and begin to proliferate over the next 2-3 weeks. Subsequently,
in the repair phase (5-14 days), growth factors are unregulated to
induce cellular proliferation and matrix deposition. Finally, this tissue
undergoes remodeling (2-4 weeks) and scar tissue organizes through
extracellular matrix turnover. The initial type III collagen deposition is
slowly replaced by type I collagen, continuing until mature scar tissue
is formed. Remodeling repair tissue does not reach maximal tensile
strength for a minimum of 12-16 weeks post-repair [38]. The normal
tendon to bone transition is not recreated during the remodeling phase.
Rather, the repaired rotator cuff tendon heals to the greater tuberosity
via fibrocartilage/scar tissue [39]. Normally, the rotator cuff inserts into
bone through four distinct transition zones: tendon, unmineralised
fibrocartilage, mineralized fibrocartilage, and bone. After repair, the
tendon heals to bone with an interposed layer of fibrovascular scar
tissue that persists. The mechanical properties of this fibrous tissue are
weaker than the native insertion site and may render repairs prone to
failure [39].

Some research studies have focused on improving the
biomechanical strength of the repair through stronger sutures and
by recreating the surface area of the footprint through double-row
repairs or suture-bridges. Even with these techniques, re-tears or failed

healing still occurs in up to 12% of patients [36]. Although improved
biomechanics may modestly improve healing, it appears that biologic
augmentation of the healing process could further reduce failure rates.
Biologic therapies that can limit the amount of scar tissue formation
at the repair site, and help regenerate a normal fibrocartilaginous
transition zone, may theoretically improve the strength of repairs and
is the focus of ongoing scientific studies around [39].

Post Operative Rehabilitation after Rotator Cuff
Surgery
Immobilization versus early range of motion

In addition to the surgical technique, a major contributor to
successful outcomes after rotator cuff repair is the postoperative
management. In general, rehabilitation protocols need to take into
account the slow process of tendon healing to the bone [40]. It has
been shown with animal models that a tendon exposed to pressure and
immobilization has better healing rates [41]. Hatakeyama et al. [11]
showed that there is less tension on the superior rotator cuff in 30°
and 45° compared to 0° and 15° of abduction. Additionally, his group
showed that the tension diminished if the humerus is in the scapular
plane. Ghodadra et al. [42] found factors that influence rehabilitation
include the surgical approach, quality of the tendon, the localization
and tear configuration as well as the etiology for the rupture (acute
versus degenerative) [43]. Moreover, several studies have demonstrated
that an open approach is associated with increased postoperative pain
[44], which in turn leads to longer rehabilitation [40] and lost time
from work.

Despite the prolonged healing process of the tendon to bone, several
authors advocate early mobilization with passive range of motion in
order to overcome postoperative stiffness [12]. These authors state that
early motion does not have a negative effect on tendon healing [45].
Keener et al. [45] in a randomized and prospective study evaluated 123
patients with either early passive ROM or delayed range of motion for 6
weeks. They reported no significant differences between the two groups
in terms of tendon rate healing and also functional outcome. Thus the
authors concluded that early ROM could be started in patients with
small to medium sized tears under the age of 65 without any detriment
to the postoperative healing and also functional outcome. In contrast
to the above studies, Rokito et al. [40] and Severud et al. [46] looked
at rehabilitation after open, mini-open and all-arthroscopic rotator
cuff repairs, respectively. Both authors advocate immobilization for
approximately 6 weeks with only little passive exercises. Severud et al.
[46] showed alower incidence of fibrous ankylosis after all-arthroscopic
techniques with delayed motion and stated the patient will return-to-
sports after six months [46]. Regarding immobilization and its effect on
range of motion, several authors reported that postoperative stiffness
associated with delayed motion for rotator cuff repairs is not a concern
and that these patients will eventually regain their mobility and range of
motion [14,43]. Parsons et al. [14] showed in their retrospective cohort
study that full-time sling immobilization without formal therapy for 6
weeks did not result in increased stiffness after one year. Literature data
to support either early or delayed motion after rotator cuff repair has
been controversial. Recent data suggest that passive range of motion
early in the rehabilitation process is not detrimental to the tendon to
bone healing process and no differences in patient outcomes and final
ROM is seen when compared to patients with early immobilization.

Continuous passive motion

The role of continuous passive range of motion (CPM) in rotator
cuff repair patients is currently not clearly defined. Previous reports of
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CPM benefits have been extensively reported in total joint arthroplasty
patients including decreased rates of knee manipulation, deep vein
thrombosis and post-operative narcotics use, and resultant greater
range of motion [10,47]. However, a recent Cochrane review suggests
that these benefits are clinically insignificant in justifying its use [10].
Lastayo et al. [12] in a level I randomized controlled trial compared
the results of CPM to manual passive range of motions exercises after
rotator cuff repairs and found no significant differences between the
two groups in pain and disability (by SPADI), range of motion or
isometric strength. However, the CPM group had less pain at 1 week
post-operatively. The authors concluded both methods were effective
but manual passive range-of-motion exercises were more cost-effective.

The benefits of continuous passive motion appear to be more
significant when it is used in conjunction with traditional physical
therapy. Studieshave demonstrated significant short term improvement
in terms of ROM with CPM plus PT, but the long term benefits of this
combination were not found to be significant [9,15,48]. Overall, studies
suggest that CPM does have short term benefit in the improvement
of ROM when it is prescribed with traditional physical therapy, but it
lacks clear long term benefits and incurs higher overall cost.

Ice or cryotherapy

Cryotherapy in total joint arthroplasty has demonstrated its benefits
in terms of blood loss, postoperative pain, and range of motion, but the
improvement is small and may not be of clinically significance [49].
The role of cryotherapy in the immediate post-operative period has
been well defined. Singh et al. [17] reported significant improvement
in post-operative pain in continuous cryotherapy patients compared
to control, which led to earlier return to normal sleeping patterns
and increased patient satisfaction. Physiologically, continuous
cryotherapy decreases the temperatures in both the glenohumeral joint
and subacromial space in the postoperative shoulder [13] This can
potentially blunt the detrimental effects of proteolytics enzymes and
improve overall pain control. Speer et al. [18] in a prospective study
comparing post-operative patients fitted with cryotherapy to those
that did not found cryotherapy resulted in less postoperative pain and
perceived need for narcotics. Patients also had less swelling and pain
during rehabilitation, resulting in improved rehabilitation effort [18]
Previous study recommended use of home cryotherapy device for 10-
14 days after surgery [8]. There is currently no long-term follow-up
study on the use of continuous cryotherapy, the cost and benefit of this
treatment certainly needs to be further studied.

Rotator Cuff Rehabilitation after Repair

Novel modality for rehabilitation

Aquatic rehabilitation: During the early phases of shoulder
rehabilitation, aquatic exercises can be utilized to complement
land based active assisted range of motion (AAROM) in restoring
glenohumeral range of motion [50] as well as allow graduated
resistance activities in a more protective and conducive environment.
The beneficial properties of water have been utilized for centuries
as a medium for rehabilitation, relaxation, and training as it offers
many clinical advantages [51]. The warmth and buoyancy of water
enhance stretching, while the buoyancy also allows initiation of
resistive exercise at a low and protective level that can be graduated
up depending on the direction of movement. Furthermore, the water’s
viscosity provides enough resistance throughout a movement pattern
in any plane [52]. A warm-water pool provides an environment that
may allow for increased soft tissue extensibility, as muscles may relax
in a warm environment. Although a warm-water pool provides only

superficial heat, temperature has been found to have a profound effect
on the properties of collagen [53]. Additionally, because buoyancy
supports the arm and can make the activity passive, water makes certain
movements easier to perform and optimal positions easier to maintain.

The pool is an ideal place to improve shoulder mobility, as the
functional upward movement of the glenohumeral joint is assisted by
buoyancy. As such, the patient may discover that normal movement
patterns occur earlier in the pool than in a gravity environment. This
movement is similar to active-assisted range of motion on dry land,
but the buoyancy of the water now supports the recovering extremity.
Buoyancy can be used in rehabilitation as assistance, support, or
resistance depending on the direction of movement. Buoyancy-assisted
exercise occurs when movements are in an upward direction, toward
the surface of the water. These exercises are commonly used to increase
mobility [54]. Buoyancy-supported exercises are perpendicular to the
upward thrust of buoyancy and parallel to the bottom of the pool.
Typically, the limb floats just below the surface of the water. Examples
of buoyancy-supported exercise include horizontal abduction and
adduction of the shoulder with the patient standing upright. Buoyancy-
resisted exercises are performed toward the bottom of the pool, directly
opposing the upward thrust of buoyancy.

The reason for aquatic exercises being more protective is due both
to the support of buoyancy and the negation of gravity. For example,
horizontal abduction exercises in the pool do not require the same
shoulder abductor work as the equivalent exercise on land. Golland
[55] found that exercises performed at 90° of abduction in the water
were associated with significantly less electromyographic activity than
land-based exercise. Therefore aquatic therapy provides a supportive
medium whereby protected active motion may begin at a much earlier
stage in rehabilitation than land-based exercise, without compromising
the repair integrity.

An important issue to note with aquatic exercise is the speed of
movement. Although buoyancy-assisted, -supported, and -resisted
activities seem intuitively obvious, the buoyancy component can be
overridden by viscosity if the exercise occurs fast enough. For example,
shoulder horizontal abduction and adduction is a buoyancy-supported
exercise, and shoulder abduction is technically a buoyancy-assisted
exercise, but these exercises can still be resistive if they are performed
quickly enough to encounter resistance from the water’s viscosity.

Other Novel Physical Therapy Modalities

Although commonly used to manage rotator cuff tear, the efficacy
of physical therapy modalities such as transcutaneous electrical nerve
stimulation, iontophoresis, and ultrasound in the postoperative setting
remains controversial. There is a paucity of well-controlled clinical
trials that have evaluated their role in patients with rotator cuff tear.
These modalities may have an effect on pain and limited motion, but
their impact on the underlying tear and repair is not known.

Different Phases of Therapy and Exercises

An ideal rehabilitation program is one that best allows for tendon
to bone healing while preventing shoulder stiffness. However, because
every patient and every rotator cuff tear is not often the same, it is
important that any form of rehabilitation takes this difference into
consideration for optimal results. For example, patients with large
to massive rotator cuff tears are more likely to retear and therefore
undergo a slower form of rehabilitation to protect the repair.
Importantly, by delaying both motion to 6 weeks and strengthening
to beyond 4 months, the conservative protocol allows Sharpey fibers
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to form at the tendon-bone junction before stressing the repair with
resistive exercises. Conversely, patients with risk factors for post-
operative shoulder stiffness require earlier mobilization to prevent
this complication. This group includes patients with coexisting calcific
tendinitis, adhesive capsulitis, partial articular supraspinatus tendon
avulsion (PASTA) -type rotator cuff repair, concomitant labral
repair, and single-tendon rotator cuft repair [56]. Also patients with
pre-existing diabetes should start motion early to prevent stiffness.
Furthermore, any successful rehabilitation program also needs to be
evaluation-based to take into account not only histological healing
time lines but also the attainment of specific clinical goals. There is
significant variability between the recovery times of patients who have
undergone rotator cuff repair. Lastly, for any rehabilitation protocol to
succeed, the concept of “Pre-habilitation” needs to be addressed with
the patient. This entails having a lengthy discussion with the patient in
conjunction their physiotherapist in the preoperative period to cover
every aspect of their post-operative recovery and return to function.
Educating and preparing the patient regarding their postoperative
rehabilitation will only make it easier for them to embrace and comply
with your rehabilitation protocol. Pre-habilitation also involves pre-
operative ROM exercises to maximize shoulder strength of deltoid,
intact cuff muscles and scapula stabilizers.

We therefore present 2 rehabilitation programs: a standard
program as well as a conservative program. We will discuss in detail
the standard program in terms of the phases of rehabilitation and
the exercise involved. The conservative approach essentially involves
delaying each phase of the standard program by about four to six
weeks. Postoperative protocols should be individualized for each
patient based on the type or size of tear, surgical fixation, age, activity
level, and personal goals.

Standard Rehabilitation Program

There are four commonly used and accepted phases of shoulder
rehabilitation. The four phases of rehabilitation begin with maintaining
and protecting the repair in the immediate postoperative period,
followed by progression from early passive range of motion through to
return to preoperative levels of function [57].

Phase I: Passive ROM (week 1-6)

The goals of this initial phase are to maintain the integrity of the
repair without overstress, gradually increase passive ROM, diminish
pain and inflammation, and prevent muscular inhibition.

Phase I involves abduction sling immobilization and passive
exercises that minimize loads across the repair. This is because
immediately following the repair; the strength of the (replace “your”)
repair construct relies heavily on the suture tendon interface, the
number of anchors used, and also the ability to reproduce a tension free
repair. Then during the initial healing response, growth factors peak
around the second to third week, culminating in the weak fibrin clot
being replaced by loosely organized type III collagen callus, neither of
which can withstand physiologic loads. We recommend immobilizing
the arm in slight abduction (45°) during the phase I and II for a couple
of reasons. Firstly, it is known that the hypovascular region of the
rotator cuff is about 1.5 cm from its insertion on the greater tuberosity.
This position of abduction may enhance regional blood flow by
preventing the “wringing out” effect in blood vessels to the tendon.
Secondly, abduction of the arm reduces the distance between the origin
and the insertion of the muscle tendon unit so that passive tension on
the repair site will be decreased [58]. We recommend coming out of the
sling 3-4 times during the day to perform the passive exercises, such as

after each meal, and during a shower. Furthermore, both passive and
active motion of the elbow, wrist, and hand is encouraged after surgery.

The benefits of early passive motion have been widely described. It is
believed that the gradual introduction of repetitive tensile stress during
the maturation process may be beneficial in helping the orientation of
biomechanically more robust type I collagen fibers. However, Passive
ROM exercises should be performed gently and in a controlled manner
within a safe range. Certainly end of range pressure (stretching) should
be avoided. An example of passive ROM for forward flexion using
closed chain exercise are table slides. While seated at a table , place the
hand of the affected shoulder on a sliding surface such as a magazine on
a table. Slowly slide the affected hand along the table and bring the head
down toward the surface of the table until shoulder is in an elevated
position relative to the head. Hold at the end for 15 to 20 seconds and
repeat 10 times. Patients repeat this 3 times daily (Figure 4). Similarly,
passive external and internal rotation can be performed with the help
of PVC canes or wand. It should be performed with the arm positioned
at 20 to 45 degrees in the plane of the scapula because rotation with
the arm in adduction has been shown to increase tension across the
repaired tissues [59].

The use of pulleys is controversial as EMG studies have shown
muscle activation and that the rotator cuff is not “quiet” with these
activities, so true passive ROM is not achieved [60]. Excessive adduction
or internal rotation is avoided because these will place excessive stress
on the repair. In the same way, excessive external rotation beyond 20
degrees (maximum excursion in ER should be tested intraoperativey)
should be avoided if the subscapularis tear has been repaired. Pendulum
exercises can also form part of the passive ROM regimen, as it generates
less than 15% of maximum voluntary isometric contraction activity in
the rotator cuff muscles [61]. This is performed by simply bending over
at the waist, balancing with the good arm on a chair and let the affected
arm hang and swing with gravity while drawing concentric circles of
about 20 cm diameter (Figure 5). Aquatherapy can be introduced at
this time and can be a useful adjunct once the surgical incisions have
healed. From weeks 2 to 6, gentle stretching and passive motion can
be performed in a pool, 2 to 3 days per week, for 15 to 20 minutes
per session. Lastly, it is important to maintain good postural control
of scapular and cervical muscles, as well as come out of the sling to
perform active ROM of the elbow, wrist and hand to keep them supple.

Recommendations

e Abduction pillow shoulder immobilizer for 6 weeks (4 weeks
for partial or small to medium sized <3cm rotator cuff tendon
tears with stable surgical fixation)

Figure 4: Table slide is performed with the patient leaning over a table and
sliding the operative extremity on a piece of paper or a book on a table. Range
of motion as tolerated, however it should be limited based on pain.
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Figure 5: Pendulum exercises performed by leaning your body with the support
of a chair and have your arm dangle in front of your body. Both clockwise and
counter clockwise motion is performed.

1.

Passive supine ROM (1 to 6 weeks)
Flexion to tolerance 0-140 degrees using table slides.

ER and IR in scapular plane 20 to 45 degrees with the use of a
wand or cane 4 times a day with 20 repetitions (Figure 6).

Pendulum exercises

Active elbow, wrist and hand gripping and ROM
Scapular depression and retraction (sitting)
Neck/upper quarter stretching

Cryotherapy for pain and inflammation (ice 15-20 minutes
every hour)

Sleeping (in sling and brace). Usually more comfortable for the
patient during the first few weeks postoperative to sleep in a
recliner with a pillow underneath the operative extremity while
wearing the abduction sling.

Neuro-muscular re-education (to prevent shoulder/scapular
hiking)
Aquatherapy (week 2-6)

3 times as week for 20 minutes each session

Please see the above section on the specifics of aquatherapy and
exercises.

Precautions

No heavy lifting of objects
No pushing and pulling
No excessive shoulder extension

No excessive behind the back movements

¢ No excessive stretching or sudden movements

e No supporting of body weight by hands with transfers in and
out of bed and chair

e No leaning on the elbow
e Avoid sleeping on the affected side

e Keep incisions clean and dry for the first week. May shower in
5 to 7 days

Criteria to progress to next phase [8]

e Symmetrical and pain free ROM comparable to the contralateral
arm

e If the contralateral arm is affected
1. Passive forward flexion to at least 125 degrees
Passive external rotation in scapular plane to at least 45 degrees

Passive internal rotation in scapular plane to at least 45 degrees

ol

Passive glenohumeral abduction to at least 90 degrees in the
scapular plane

Phase 2: Active Range of Motion (6 to 12 weeks)

By 6 weeks postoperatively, most of the acute repair and
inflammation processes in the healing phase would have progressed to
the collagen remodeling stage. Tendon healing to bone is progressively
increasing and able to withstand applied muscle forces generated by
simply raising the arm. This low-level active muscle loading helps with
establishing the orientation of collagen fibres during their maturation
stage, ultimately leading to increased overall tensile strength of the
repair construct [62]. Furthermore, active ROM will increase muscle
activity and help restore normal patterns of muscle contraction that
will enable return to function and allow normal activities of daily living.

The use of pulleys, canes, active assisted ROM (AAROM), and
self-assisted ROM however are appropriate at this point. A pillow
or towel roll may be used under the arm to help alleviate passive
tension across the rotator cuff. This is slowly graduated to full active
ROM. It is still advisable to avoid resistance work because tendon-to-
bone healing strength at this time point is inadequate to withstand
the forces generated during strengthening exercises. An example of
AAROM includes supine glenohumeral external and internal rotation
with stick assistance, as well as supine flexion with the assistance of
the uninvolved limb (Figure 7). An alternative AAROM technique is

Figure 6: External and internal range of motion with the assistance of a hand
wand, stick, or a cane. This exercise should be performed in the plane of the
scapula.
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having the patient perform closed chain exercises by drawing circles
on a physioball placed on a table with the hand and forearm resting
on the ball. In addition, sub-maximal isometric external and internal
rotation can be initiated at this time. This involves holding 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 rotation, resisting with their uninvolved
upper extremity, starting at approximately 25% of maximal effort and
gradually increasing to 50-75% of maximal effort without reproducing
pain. Open chain proprioceptive exercises help to both restore muscle
strength and proprioception, thereby establishing muscular balance.
These are performed with the patient lying supine with the involved
shoulder held in 90° of forward elevation. The patient is then instructed
to draw circles and the alphabet in the air utilizing small, controlled
motions.

The scapula-thoracic articulation also should continue to be
a focus of therapy as it will allow for the optimal neuromuscular
control required for maximal pain free ROM to be achieved. Exercises
include shoulder shrugs and scapular retraction. Lying in a prone
position can also help initiate proper muscle fiber activity patterns in
the rhomboids and trapezius muscles. Then switching to the supine
position, the serratus anterior muscle activity can be initiated with
scapular protraction in 90 degrees of glenohumeral joint flexion, which
is progressed to protraction at 120 degrees of flexion.

Scapular plane elevation (scaption) with a flexed elbow, also known
as “the salute exercise”, is useful in initiating supraspinatus muscle
activity. This exercise can be progressed to “the full can activity”, which
is known to exhibit high supraspinatus muscle activity [19].

At 6 to 8 weeks postoperatively, aquatherapy can usually be
advanced with the addition of active motion. In our experience, at
10 to 12 weeks the patient can do underwater resistance exercises.
Aquatherapy is considered to be active-assisted ROM in a gravity
reduced environment. It has been shown that shoulder elevation in
the water results in a markedly lower activation of the rotator cuff
compared with dry land exercise [63]. This decreased muscle activation
during exercise in water should allow for earlier active motion in the
postoperative period without compromising the integrity of the repair.

Recommendations
e Continued passive ROM
e Introduction of active assisted ROM

e Patient-directed, self assisted therapy using overhead pulley
and stick-assistance methods

e Open chain proprioceptive exercises

e Sub-maximal isometric external and internal rotation exercises
¢ Ongoing aquatherapy

e Scapula-thoracic exercises

¢ Functional use of the arm for activities of daily living
Restrictions

e No resistance or strength activities

Criteria to progress to next phase

e Full active ROM compared to the contralateral arm

e No scapular-thoracic dyskinesia [64]

Self Directed Home Exercises

Several active assisted range of motion exercises that the patient
can perform at home include using the normal arm to assist and elevate
the operative extremity to bring to the top of the head (Figure 8). Then
the elbows are extended to increase flexion (Figure 9). This can also be
performed with the hand behind the head to increase external rotation
(Figure 10, Table 1). These exercises should be done at home on a
regular basis during this phase of therapy.

Phase 3: Initial Strengthening (12 to 16 weeks)

The strengthening phase should begin approximately 10 to 12 weeks
postoperatively depending on the size of the tear, surgical fixation, and
patient factors. Histologically, the remodeling phase is nearly complete,
with tendon-to bone healing generally strong enough to allow for
a graduated program of muscle strengthening. Importantly, both
glenohumeral and scapulothoracic kinematics, as well as soft-tissue
compliance, should be optimized so that a strengthening program

Figure 7: Supine active assisted forward flexion exercise done with the help
of the contra-lateral normal arm. Range of motion as tolerated and limited by
pain.

Figure 8: Hand on the top of head with active assistance from the normal
contra-lateral arm.
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Figure 9: Elbows extending to maximize flexion.

Figure 10: Both hands behind the head to maximize external rotation.

can be safely initiated without pain and in proper form. Attempts to
strengthen a stiff shoulder can cause pain, subacromial impingement,
and excessive stress on the repair. Only when shoulder mobility or
range of motion is maximized are advanced strengthening exercises
permitted to increase muscular load. It is important avoid any overhead
activity that will result in subacromial contact to occur. Such contact
will only exacerbate impingement or stress the repair. Thus, initial
exercising of the internal and external rotators should be performed
with the arm below the level of the shoulder.

During the initial phase of strengthening, isometric exercises safely

allow the controlled application of forces across the tendons without
risk of damage. These exercises usually are safe to start early for the
periscapular muscles, deltoid, and trapezius because they do not stress
the repaired tendons. The second phase of strengthening begins with
elastic resistance exercises, concentrating on high repetitions with
moderate resistance. The goal of these exercises is to build muscle
endurance. The four key exercises are external rotation (infraspinatus,
teres minor), internal rotation (subscapularis), forward flexion
(anterior deltoid, supraspinatus), and rowing motion (posterior deltoid,
periscapular muscles). These exercises are performed with a towel roll
placed between the arm and trunk to encourage proper technique,
thereby minimizing substitution patterns. More advanced exercises
are added as tolerated for the parascapular muscles. To strengthen the
serratus anterior muscle, a bear hug exercise using elastic resistance is
performed by mimicking a hugging motion around a cylindrical object
with the shoulder internally rotated to 45 degrees. To strengthen the
trapezius and rhomboid musculature, the standing sport cord row
exercise is used. To strengthen the biceps and triceps brachii muscles,
conventional biceps curl and triceps extension exercises are used with
either isotonic free weight resistance or elastic tubing [8].

Gradually, advanced proprioceptive and neuromuscular activities
are introduced in preparation for light sports activity. These include
golf chipping or putting. Any exercise that causes pain, stiffness, or
swelling should be discontinued. A core-strengthening program to
build up the abdominal musculature is also encouraged.

Recommendations
e Continue with passive ROM exercises and stretching
¢ Continue with self directed home programs and stretching

e DProgressive strengthening (both concentric and eccentric,
using safe motions)

o Elastic resistance exercises
e Parascapular muscle strengthening
e Core muscle strengthening

e Advanced proprioceptive and neuromuscular activities in
preparation for light sports activity (eg, golf chipping/putting)
as tolerated

Restrictions

e Avoid overhead activity

Criteria to progress to next phase

e Painfree functional ROM with activities of daily living
Phase 4: Advanced Strengthening (16 to 22 weeks)

During Phase 4, histologically, the remodeling phase should
be complete with the formation of mature collagen robust enough
to withstand greater forces. The advanced strengthening phase, is
essentially a progression of phase 3 and serves as a transition to sports
specific rehabilitation activities. Advanced strengthening of rotator
cuff muscles can be strengthened in a number of ways. To isolate
infraspinatus and teres minor, perform external rotation exercises
of the shoulder at 45 degrees of abduction utilizing elastic resistance
while in a standing position. Then, to activate supraspinatus muscle
activity, perform external rotation exercises at 90 degrees of abduction.
Once again, it is important not to neglect the parascapular muscles as
they play an important role in scapulothoracic kinematics. Advanced
strengthening of the serratus anterior can be accomplished with
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Regimens/method

Study/Author Number of patients

[44]

PRCT: Early vs delayed 68 and rotation day 2

All Full thickness RC repair
Early group had passive elevation

Delayed group same protocol at 6

Outcomes Complications

Both groups similar functional outcomes

at 1 year Slightly higher healing rate in

delayed group (91vs85%)

rehab
weeks
[43] Small to Medium tears . Re-tear 12% of
105 Early passive ROM in 1%t 4-5 weeks No difference at 12 months for ROM, Early passive and 18% of no

RCT: Early passive ROM vs No passive

Raab et al. [15] Medium to Large tears

RCT: Aggressive vs early

limited ROM unlimited stretching

Aggressive group had twice daily
64 manual therapy in 1%t Bweeks with

functional score and VAS )
passive

Aggressive group had better ROM at 3 23.3% retear in aggressive
months but no difference at 1 year except  group compared to 8.8% in early
IR limited group

Limited group had limited CPM

Garofalo et al. [9]

Immediate passive motion or strict

Immediate passive motion had better

PRCT: Immediate passive 100 immobilization for 6 weeks functional score_s, less CRPS and less No difference in healing
; ) S adhesive capsulitis
motion vs. immobilization
Chahal etal. [31] CPM improved ROM in two studies.
4 RCT found One study found a decrease in pain and
Systematic Review: comparing CPM with N/A Y . P N/A
. . one study found improvement in muscle
Effectiveness of CPM on standard physio
h strength.
rotator cuff repair
Lastayo etal. [12]
31 4 week CPM regimen vs manual No difference in functional scores, pain, N/A
PRCT: CPM after Rotator passive ROM ROM or isometric strength
Cuff Repair
Speer et al. [13]
Included all shoulder postop patients Cryotherapy group had less pain and
RCT: The efficacy 50 including stabilization, arthroplasty | slept better on the night of surgery. At day N/A

of cryotherapy in the
postoperative shoulder

Brady et al. [50]

and cuff repair

The addition of aquatic
therapy to 18
rehabilitation following
surgical rotator
cuff repair

Combined aquatic and land-based
program vs. land based only

10, less pain and swelling, easier rehab

Both improved ROM and functional score.
Aquatic program had early better flexion N/A
but no difference at 12 weeks

Table 1: Available clinical evidence in literature for post-operative rehabilitation after rotator cuff repair.

exercises such as the pushup with a plus progression from a wall, to a
chair, then finally to the floor.

Towards the end of this phase, upper limb plyometrics can be
initiated under close supervision. Also known as “jump training”
or “plyos”, these are exercises based around having muscles exert
maximum force in as short a time as possible, with the goal of increasing
both speed and power, thereby simulating a sporting environment
more closely. It is thought to enhance neuromuscular control, strength
and proprioception. An example would include a patient throwing and
catching a weighted ball (2 to 10 pounds) against a wall, starting at
shoulder height and progressing gradually to overhead.

Recommendations

e Advanced rotator cuff strengthening, especially of the posterior
cuff

¢ Continued parascapular muscle training and strengthening
e Plyometrics

Restrictions

e No overhead lifting

e Not to return to competitive sport until completion of sports
rebilitation and internal training

Criteria to progress to next phase

e Symmetrical ROM and strength
e Normalized scapulothoracic kinematics

e No pain at rest or with activities

Return to Sports (6 months)

Prior to a patient being cleared to resume full competitive sports,
they must progress through and complete interval sport programs.
These are essentially rehabilitation guidelines that simulate sports and
recreational activities. They are intended to safely return an athlete
to competition as soon as possible while progressively applying
appropriate forces to healing structures. Patients who are not athletes
still benefit from a functional progression that simulates activities
of daily living and work-specific activity. It is recommended that
these intensive sports programs should only start after an athlete has
completed an adequate cardiovascular warm up prior. The program
should be performed three times per week with at least one rest day
in-between sessions. To progress to the next level the patient must
be able to demonstrate the prior level without pain or limitations. A
maintenance exercise program focusing on cardiovascular endurance
and flexibility along with scapulothoracic, rotator cuff, lower extremity,
and core strength should be performed on alternate days [8]. The same
idea can also be applied to criteria for return to work. Depending on
the type of work (desk job vs. heavy manual labor), the patient should
return when comfortable, pain free, and is able to perform the duties
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without detriment to the rehabilitation protocol. Manual laborers
should only return to work when they have completed all 4 phases of
the therapy and have acquired similar range of motion and strength
when compared to the normal contra-lateral extremity.
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