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Anatomic total shoulder arthroplasty is the gold standard shoulder replacement procedure for patients with an intact rotator cuff and
sufficient glenoid bone to accommodate prosthetic glenoid implant and offers reliable patient satisfaction, excellent implant longevity,
and a low incidence of complications. Disparity exists in the literature regarding rehabilitation strategies following anatomic total shoul-
der arthroplasty. This article presents a consensus statement from experts in the field on rehabilitation following anatomic total shoulder
arthroplasty. The goal of this consensus statement is to provide a current evidence–based foundation to inform the rehabilitation process
after anatomic total shoulder arthroplasty. These guidelines apply to anatomic total shoulder arthroplasty (replacement of the humeral
head and glenoid), hemiarthroplasty (replacing only the humeral head), and hemiarthroplasty with glenoid reaming or resurfacing. The
consensus statement integrates an extensive literature review, as well as survey results of the practice patterns of members of the Amer-
ican Society of Shoulder and Elbow Therapists and the American Shoulder and Elbow Surgeons. Three stages of recovery are proposed,
which initially protect and then gradually load soft tissue affected by the surgical procedure, such as the subscapularis, for optimal pa-
tient outcomes. The proposed guidelines should be used in collaboration with surgeon preferences and patient-specific factors.
Level of evidence: Level IV; Expert Opinion
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Glenohumeral osteoarthritis is increasing because of the
rise in the aging population, and though the exact preva-
lence is unclear, the condition may affect up to one-third of
people older than 60 years.52 Anatomic total shoulder
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arthroplasty (ATSA) is the gold standard shoulder
replacement procedure for patients with an intact rotator
cuff and sufficient glenoid bone to accommodate prosthetic
glenoid implantation and offers reliable patient satisfaction,
excellent implant longevity, and a low incidence of
complications.24,28,41,51,61 Patients who are not ideal can-
didates for ATSA because of high physical demand (which
will challenge glenoid prosthesis longevity) and those with
poor glenoid bone stock may benefit from other anatomic
options, including humeral head replacement without
addressing the native glenoid (hemiarthroplasty)38 or
hemiarthroplasty with glenoid reaming (ream and run
procedure).21,22,62 Patients with combined rotator cuff
deficiency and glenohumeral osteoarthritis may have better
outcomes with the nonanatomic option of a reverse total
shoulder arthroplasty.32

Since the initial description of ATSA and rehabilitation
for this procedure by Charles Neer II, MD, and therapist
Mary Hughes,26,48,49 there have been many modifications to
the surgical technique, prosthetic components, and reha-
bilitation processes. As surgical procedures are modified,
ongoing updates of rehabilitation guidelines are needed. A
recent systematic review demonstrated lack of consistency
in the rehabilitation process following ATSA.10 Articles
published since the time of this review also demonstrate
disparity regarding sling use, range of motion (ROM), and
strengthening recommendations in spite of being written by
content experts.9,53 Therapists must understand the impli-
cations of current research and surgical techniques to
provide safe and effective rehabilitation strategies.

The goal of this consensus statement is to provide a
current evidence–based foundation to inform the rehabili-
tation process after ATSA. These guidelines apply to ATSA
(replacement of the humeral head and glenoid), hemi-
arthroplasty (replacing only the humeral head), and hemi-
arthroplasty with glenoid reaming or resurfacing and do not
address the unique considerations of the reverse total
shoulder arthroplasty. The proposed guidelines should be
used in collaboration with surgeon’s preferences and pa-
tient-specific factors.
Description of the surgical procedure

Understanding the ATSA surgical procedure is critical for
planning and executing postsurgical rehabilitation.
Anatomic shoulder arthroplasty is primarily a soft tissue
procedure. Meticulous surgical treatment of the sub-
scapularis (SSc), the biceps tendon, and any capsular con-
tractures are all critical elements of the surgery, with
important implications for postoperative rehabilitation.

The glenohumeral joint is surrounded by the rotator cuff
and thus access to the joint typically involves traversing
through the SSc muscle-tendon-bone unit. Though less
common, there are alternative approaches that spare the
SSc.2 These include an anterosuperior approach through the
rotator interval14,35 and a posterior approach through the
interval between the teres minor and the infraspinatus.31

The biceps long head tendon can be protected and left in
situ, cut without reattachment (tenotomy), or cut and reat-
tached (tenodesis).1,60 A soft tissue tenodesis to the pec-
toralis major is the most popular option.

After entering the joint, the capsule is released fully
from the humerus and the humeral head is dislocated. The
coracohumeral ligament is generally contracted in gleno-
humeral osteoarthritis, and release of this structure is
paramount. Osteophytes are released to define the native
anatomic neck and the humeral head is cut.55 The humerus
is prepared to accept the humeral implant, and an appro-
priately sized and positioned humeral head is chosen to
match the patient’s native anatomy.

At this point, the techniques for addressing the glenoid
for the various anatomic arthroplasty variations diverge
depending on the pathology being treated. In a hemi-
arthroplasty for avascular necrosis of the humeral head
without glenoid-sided chondral changes, the labrum and
glenoid cartilage will be preserved, and the surgeon will
proceed to placement of the final humeral implant, fol-
lowed by closure. For a hemiarthroplasty with glenoid
reaming, careful reaming to reshape and restore a uni-
formly smooth and concave (concentric) glenoid cavity is
the next step. For ATSA, the labrum will be excised cir-
cumferentially, the glenoid will be carefully reamed and
prepared to accept the glenoid implant, and the final gle-
noid implant placed.55

A trial humeral head is then placed and the humerus is
critically assessed. Important factors to evaluate are soft
tissue tension, particularly of the proposed SSc repair, joint
stability, and ROM. The 40-50-60 rule is a popular intra-
operative test45 in which the SSc should reach its repair site
with the humerus in 40� of external rotation (and 0� of
abduction), the humerus should have 50% posterior trans-
lation, and 60� of internal rotation with the arm in 90� of
scaption. Inability to reach these numbers indicates either
inadequate soft tissue releases or an overstuffed prosthetic
joint.

The final implant is inserted and the critically important
SSc is repaired. The surgeon should check for the ‘‘sub-
scapularis safe zone’’ during external rotation (ER), which
is defined as the amount of ER achieved in the surgery
without strain across the SSc repair.56 The surgeon should
communicate this ROM to rehabilitation specialists to
allow safe mobilization in ER without jeopardizing the SSc
repair during the early postoperative period. A sling is
typically placed on the patient in the operating room, prior
to the patient’s emergence from anesthesia.
Pre-habilitation and education before surgery

A ‘‘pre-habilitation’’ session in which the patient meets
with a therapist or physician’s assistant prior to surgery has



Figure 1 Three methods of subscapularis takedown: (A) lesser tuberosity osteotomy, (B) subscapularis peel, and (C) subscapularis
tenotomy. (Reprinted with permission from the Journal of Shoulder and Elbow Arthroplasty; Dunn et al.15).
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been recommended to educate patients in postoperative
exercise and activities of daily living (ADL) instruction.64

Patients may also benefit from an explanation of the sur-
gical procedure as it relates to postoperative precautions,
namely, protection of the SSc. Additional preoperative
education topics can include planning for assistance in the
postoperative period, modifying the home environment to
remove obstacles, utilizing appropriate nutritional intake
and smoking cessation to facilitate optimal healing, and
postoperative pain management. Although studies are
lacking in ATSA patients, preoperative classes addressing
patient recovery have modified preoperative expectations in
patients with hip and knee arthroplasty.44 Patient expecta-
tions preoperatively have been linked to patient satisfaction
and better outcomes postoperatively in the hip, knee, and
shoulder arthroplasty populations.43,50,65,66 Research is
needed to determine the potential benefit of pre-habilitation
and education prior to ATSA on postoperative outcomes.
Protection of the healing structures in the
immediate postoperative recovery

Subscapularis dysfunction after ATSA results in higher
level of pain, instability, and lack of maximal active in-
ternal rotation (IR)3,27,30; therefore, protection of the
healing SSc must be a primary objective during the post-
operative healing stage of recovery. There are 3 different
SSc detachment techniques, and each is characterized by
different tissue-healing mechanisms: (1) SSc tenotomy; (2)
tendon-to-tendon, SSc peel, tendon-to-bone; and (3) lesser
tuberosity osteotomy (LTO), bone-to-bone (Fig. 1).15

Excellent results have been demonstrated with all of the
most popular methods of managing the SSc during shoulder
arthroplasty60; however, there is active debate regarding the
relative merits of each technique.1,36,37,39 The optimal
method of protecting the SSc in the early healing phase
following surgery with respect to rehabilitation is unclear
and has not been systematically studied.

Although some cadaveric biomechanical studies report
that bone-to-bone repair is stronger compared to tendon-to-
tendon or tendon-to-bone repairs, others failed to find sig-
nificant differences between repairs.6,23,57,67 Randomized
clinical trials and a systematic review of the literature in
live cohort studies have shown that the type of SSc man-
agement does not influence postoperative out-
comes,12,37,39,56 although the SSc healing rate is higher
after osteotomy compared with that after tenotomy.12,39,56

Considering the absence of a clear clinical advantage of
one detachment/repair technique, it is likely that rehabili-
tation specialists will encounter each of these techniques in
clinical practice.

A pilot study showed that the SSc tendon-to-bone
interface of healthy cadaveric shoulder fails at approxi-
mately 700 N.23 After tenotomy or osteotomy, the load to
failure of cadaveric SSc decreased to 350 and 443 N,
respectively. A higher failure rate was reported for tendon-
to-bone repairs (67%) compared with tendon-to-tendon
(16%) and bone-to-bone (0%) when cyclic loads of 150
N were applied to cadaveric specimens of surgically
managed SSc. This study suggests that the LTO construct
may allow progression of SSc stretching and strengthening
better than the SSc tenotomy or peel methods of detach-
ment. Computational biomechanical models predicted that
the SSc exerts up to 283 N during abduction and adduction
tasks. Therefore, in the early postoperative phase, even
simple tasks such as unweighted abduction and adduction
may generate forces that may exceed the failing load of
surgically managed SSc.

The long head of the biceps is often cut and attached
with soft tissue tenodesis to the pectoralis major as a
routine procedure during ATSA. There is a dearth of
research regarding rehabilitation guidelines specific to this



Figure 2 Sling with abduction pillow.
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procedure. Following supra-pectoral and subpectoral biceps
tenodesis, resisted elbow flexion and supination are avoided
for the first 6 weeks following surgery.33,40
Appropriate Management of the Immobiliza-
tion Period

Protection of the SSc in the early phase of healing after
ATSA is facilitated through use of a sling or shoulder
immobilizer. Better ER and adduction motion up to 1 year
following ATSA, as well as lower night pain at 2 weeks
postoperatively have been demonstrated when using a
neutral rotation sling with an abduction pillow wedge vs. a
traditional IR sling (Fig. 2).5 The healing SSc is also pro-
tected by limiting active contraction of the muscle to pre-
vent muscular force pulling across the tendon healing site,
as well as limiting passive tension through stretch across
the tendon. Rehabilitation is only safe when the strength of
the postoperative repair or healing tissue is significantly
greater than the stress imposed by rehabilitation strate-
gies.19 There is a delicate balance between obtaining and
maintaining ROM gains obtained in surgery with the need
for soft tissue healing. Overly protective rehabilitation may
result in stiffness, whereas overly aggressive rehabilitation
may compromise SSc healing and lead to decreased
shoulder stability and function.8 Potentially injurious forces
can be avoided by slowly progressing staged ROM goals,
controlling submaximal loading forces by limiting repeti-
tive activity, and avoiding forces that may overstress the
structural integrity of the repair.19

Although literature supports the introduction of passive
ROM in the early healing phase following ATSA,8,11,17 a
consensus of definitive parameters is lacking. Rehabilita-
tion specialists should select exercises that demonstrate less
than 15% maximum voluntary isometric contraction on
electromyography for the SSc as this guideline has been
proposed as a safe level of activation following rotator cuff
repair.68 Some studies limit passive forward elevation to
90�, whereas others allow passive ROM flexion to gradually
increase as tolerated or ‘‘within the limits of stability and
soft tissue tension determined intra-operatively.’’3,8,11 The
SSc has been shown to retain its native level of passive
tension with flexion or scaption in cadaveric studies
following ATSA with variable humeral head component
size,71 though cadaveric studies do not reflect the pain and
swelling present in a postoperative patient.

The amount of ER allowed immediately following
ATSA is challenging to elucidate and may be patient-
specific. Collaboration between the surgeon, rehabilitation
specialist, and the patient is advised for understanding the
SSc takedown method and safe-zone during surgery The
surgeon should communicate clearly regarding how much
ER can be allowed. Some patients have excessive SSc
shortening and ER deficiency prior to surgery, thus the
tendon may be under tension to a greater degree than other
patients who are not as stiff preoperatively. Surgeons often
release the SSc tendon during the procedure and convention
allows for immediate passive ER with the arm at the side;
however there is much variation in the literature reporting
end ranges from 0�-40�.3,11,17 External rotation at 90�

abduction, extension, and isolated abduction are not indi-
cated in the early healing phase following ATSA because of
excessive passive tension on the healing tendon with these
motions.3 Active contraction of the SSc through isometric
contraction, ADL that involve resisted IR, or activities such
as placing the hand behind the back or the hand behind the
head are also contraindicated.

The optimal timing and setting of therapy are also un-
clear. One randomized controlled trial comparing imme-
diate to 4-week delayed therapy following LTO for ATSA
revealed better SSc healing rates by radiographic assess-
ment at 6 months for the delayed therapy group, but overall
no difference in patient outcomes.13 A retrospective com-
parison of formal physical therapy compared to a simple
home program found that the home group had better out-
comes for flexion and abduction ROM and 36-Item Short
Form Health Survey physical component scores at final
follow-up.47 The therapy programs in this study were not
equivalentdthe formal therapy plan involved closed-chain
quadruped activity and IR isometrics early in the rehabili-
tation (after 4 weeks), which likely contributed to poorer
patient outcomes by compromising the healing SSc repair.
The home program employed use of pendulum exercises
alone for the first 8 weeks after surgery followed by pro-
gression of motion and function as tolerated, and the end
points for assessment of outcome were different between
groups.
Gradual loading to the healing tissues

After the early healing phase, passive ROM toward
maximum mobility, active ROM, and strengthening



ASSET consensus rehabilitation guidelines after ATSA 2153
exercises are gradually introduced in the plan of care.
Similar to other guidelines for rehabilitation following
shoulder surgeries, a staged approach to recover mobility
and strength is advised.19,68 This approach maximizes the
loads necessary for healing while protecting the repaired
structures from repetitive activity and dangerous forces.
Progressive tissue loading is influenced by many factors,
including surgical management of the SSc, additional
repaired tendon of the rotator cuff, preoperative diagnosis,
patients’ characteristics, and presence of comorbidities that
impact bone and tendon healing.

A strong bone-to-bone interface for the LTO takedown
method of SSc should be present by postoperative week 6,
and an advantage of this procedure may be the ability to
assess healing on radiographs. The absence of soft tissue
attrition to the SSc with the LTO procedure may allow for a
faster progression of ROM and strengthening exercises.
Surgical reduction of the subperiosteal release of the SSc
tendon with the SSc peel method generates a tendon-to-
bone healing interface similar to a rotator cuff repair. An-
imal models of repaired rotator cuff tendon have shown that
the repair strength is approximately 19%-30% of normal at
6 weeks with disorganized scar formation, and 29%-50% of
normal at 12 weeks.20 Sharpey fibers that bind the tendon to
the bone appear in considerable number only after 12
weeks, and the bone-to-tendon junction is almost mature at
15 weeks.63 Tendon-to-tendon healing as in the ST method
is characterized by a remodeling phase at 6 weeks. The
tissue at the site of repair changes from cellular to fibrous,
and type 1 collagen is synthesized. This process continues
up to 10 weeks; afterwards, the tissue at the repair site
gradually changes from fibrous tissue to scarlike tendon
tissue over the course of 1 year.59 Patient characteristics
that influence healing and progression of load include age,
smoking, comorbidities (osteoporosis, diabetes, obesity,
vascular diseases, impaired metabolism), and medications
(corticosteroids, immunosuppressants), which all can
negatively impact the healing process. These concomitant
factors should be taken into account when progressing
ROM and strengthening exercises.
ASSET consensus rehabilitation guidelines

Two American Society of Shoulder and Elbow Therapists
(ASSET) members developed 2 surveys regarding practice
patterns for rehabilitation after ATSA: one survey for
ASSET members and one survey for the American Shoul-
der and Elbow Surgeons (ASES) members. An ASSET
member with extensive research experience provided
feedback regarding the survey question design and content.
Each draft of the survey was further reviewed by 5 mem-
bers in the respective professional group. Feedback from
each member was used to revise each survey. The final
version of the ASSET survey included 37 questions
regarding specific exercises, activities, and ROM allowed at
each stage of recovery. The final version of the ASES
survey included 10 questions regarding practice patterns,
including the use of a sling or shoulder immobilizer after
ATSA as well as preferences regarding ROM limits in
phase 1 and 2 of recovery after surgery. These surveys were
e-mailed to entire membership of the ASSET and ASES.
The response rate was 34% (37/110) from ASSET and 15%
(120/810) from ASES. A consensus in survey response to
inform the rehabilitation guideline was established a priori
as 67% agreement as recommended in a Delphi consensus
method.46 Survey questions and responses for ASES and
ASSET are summarized in Tables I and II. The develop-
ment of the proposed consensus rehabilitation guidelines
for ATSA included integration of the ASSET and ASES
survey responses and literature review regarding the healing
time frames for implicated tissues (joint capsule, SSc, and
biceps tendon). Proposed consensus rehabilitation guide-
lines were presented and discussed at the 2019 ASSET
annual conference. Detailed rehabilitation guidelines
following ATSA are provided in Table III.

Rehabilitation is divided into 3 phases of 6-week in-
tervals based on healing time frames and survey responses.
The proposed rehabilitation guidelines should be imple-
mented with input from surgeons to ensure that the rec-
ommended parameters are in alignment with surgeon
preferences, and with consideration of patient-specific
variables. Progression through rehabilitation phases
should be based both on healing time frames as well as
patients achieving milestones for each phase. The use of
validated patient-reported outcome measures is advised.
Measures often cited in shoulder arthroplasty research
include the Disabilities of the Arm, Shoulder, and Hand
questionnaire (DASH), QuickDASH, Shoulder Pain and
Disability Index, PENN Shoulder Score, the Patient-
Reported Outcomes Measurement Information System
(PROMIS), or the ASES Standardized Shoulder Assess-
ment Form score. Pain level should be assessed routinely
using the 0-10 numeric pain rating scale or visual analog
scale. Glenohumeral joint passive and active ROM and
upper-quarter strength should be measured at appropriate
stages of recovery, and examination components are
detailed in the rehabilitation guidelines (Table I). A quali-
tative assessment of the patient’s shoulder biomechanics
should be integrated into assessment during the active
phase of recovery.
Phase 1: postoperative week 0-6

Phase 1 begins on postoperative day 1 and progresses
through the end of the sixth postoperative week. During this
early healing phase of recovery, the hierarchy of need is
protection of the SSc, which was mobilized for access to
the glenohumeral joint and then repaired. ASES surveys
regarding sling use reveal lack of consensus, though the
majority of surgeons prefer using a sling or shoulder



Table I Practice pattern survey results for the American Society of Shoulder and Elbow Therapists

Phase 1 (POD 1-POW6) Phase 2 (POW 6-12) Phase 3 (POW 12þ)

Sling No sling: 5%
2 weeks: 22%
4 weeks: 59%
6 weeks: 24%

No respondent used a sling
beyond 6 weeks

No sling

Elevation 120� passive
Not allowed active

As tolerated passive
and active

No limit passive and active

External rotation in 0� abduction 30� passive or active 60� passive and active No limit passive and active
External rotation in 90� abduction Not allowed active or passive 60� passive and active No limit passive and active
Internal rotation Hand to abdomen Hand to posterior hip No limit but advance gradually

POD, postoperative day; POW, postoperative week.

All numbers represent degrees of glenohumeral range of motion that reached at least 67% consensus among 37 responders.

Table II Practice pattern survey results for the American Shoulder and Elbow Surgeons

Phase 1 (POD 1-POW 6) Phase 2 (POW 6-12) Phase 3 (POW 12þ)

Sling LTO: 33% 4 weeks; 39% 6 weeks
ST: 16% 2 weeks; 24% 4 weeks;

41% 6 weeks
SP: 17% 2 weeks; 14% 4 weeks;

45% 6 weeks

No respondent used a sling
beyond 6 weeks

No sling

Elevation 130� passive: LTO
120� passive: ST
90� passive: SP
Not allowed active

As tolerated passive and active No limit passive
and active

External rotation in 0�

abduction
30�: LTO
20�: ST and SP
Active vs. passive not specified

No limit: LTO
60� passive and active: ST and SP

No limit passive
and active

Internal rotation Hand to trochanter No limit No limit but advance
gradually

POD, postoperative day; POW, postoperative week; LTO, lesser tuberosity osteotomy; ST, subscapularis tenotomy; SP, subscapular peel.

All numbers represent degrees of glenohumeral range of motion, which reached at least 67% consensus among 120 responders. LTO: 51/120; ST: 37/120;

SP: 29/120.

Three responders did not specify method of subscapularis takedown.
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immobilizer for 4-6 weeks. ASSET recommends using a
sling with abduction pillow for 4-6 weeks in collaboration
with the referring surgeon. If the sling is removed at home,
the elbow should be kept at the side, the upper extremity
used for only the most basic ADL, and the limits for ER
observed at all times. Using the sling at night during sleep
is advisable to prevent unwarranted ROM during phase 1.

There is a dearth of research that assesses the varied
methods of SSc takedown as it relates to the timing and
degree of mobilization after shoulder arthroplasty, though
there is agreement that ER should be limited and IR and
extension behind the back avoided during this early phase
of healing. ASES surgeons reached consensus that ER to
30� is safe for patients who have had LTO, whereas those
who perform SSc tenotomy or peel prefer a slower
approach limiting external rotation to 20�. This practice
pattern reflects the research that in spite of no differences in
overall patient outcomes, the LTO procedure is a stronger
construct because of bone-to-bone fixation and may tolerate
earlier mobility. ASSET member survey results reveal that
the majority allow external rotation to 30� during phase 1,
though the method of surgical SSc takedown was not
differentiated in the survey. The ASSET consensus state-
ment recommends a maximum of 30� with the arm at the
side for the LTO procedure, with a slower approach for the
SSc tenotomy and peel procedures, and no ER in the 90� of
abduction position during phase 1. Rehabilitation special-
ists should confer with referring surgeons to determine the
‘‘safe zone’’ of ER observed in the operating room to
ensure that the 30� limit is appropriate for the patient.
Surgeons may choose the operative determined safe zone
ROM in lieu of consensus mobility recommendations.
External rotation ROM should be performed with the arm
supported in the plane of the scapula (approximately 30�

anterior the frontal plane) as the humeral head is centered
on the glenoid in this plane, thereby reducing the strain to



Table III The American Society of Shoulder and Elbow Therapists’ rehabilitation guidelines for anatomic shoulder arthroplasty

Phase Precautions and
guidelines

Goals Exercises Criteria to advance to next
phase

Examination

1 (POD 1 to POW 4-6) Sling 24/7 (remove for
grooming and home
exercise program 3-5
times a day)

Avoid hand behind the
back and ER at 90�

No shoulder active
elevation

No submersion in water
until after 4 weeks

No weight bearing on
shoulder

Protect healing
subscapularis, joint
capsule, and biceps
tenodesis

Prevent infection
Promote distal circulation
and control swelling

Proper sling fit
PROM: 120� elevation and
30� ER (unless other
specified limit by
surgeon)

Pendulum
Active elbow, wrist and
hand, scapular
retraction

Passive elevation to 120�

in scapular plane (eg,
rope and pulley, table
slide, supine well arm
assisted)

ER to 30� in scapular
plane with arm at side
(eg, well arm or dowel
assisted, or table
supported and rotate
away [Fig. 2])

Nonimpact aerobic
activities: walking;
stationary bike when
incision is healed

Pain less than 3/10 with
PROM

Healing incision without
signs of infection

Clearance by surgeon after
radiograph assessment
at postoperative visit

Wound assessment
Swelling assessment of
upper extremity

Neurovascular assessment
of upper extremity

Sling fit and ability to
donn/doff properly

Patient-reported outcome
measure

Pain level
ROM for elevation (passive
only) and ER (passive
and active) in range of
motion constraints
(0-30)

2 (POW 4-6 to 12) Discontinue sling at the
end of POW 4-6
(surgeon preference)

Motion recovery without
excessive force

May begin ER at 90� of
abduction in scapular
plane to 60� limit

May begin functional IR
with hand behind back
gently

Weight-bearing on the UE
for use of assistive
device allowed

No closed-chain exercise
Advance arm use in
ADL gradually

Optimize PROM
Develop AROM to equal
PROM

Establish dynamic
stability of shoulder
with deltoid, rotator
cuff, and periscapular
strengthening through
AROM against gravity

Stretching beyond
precautionary limits in
phase 1 for elevation
and ER(0) without
excessive force

Begin ER(90) to 60� limit
in scapular plane

Active forward elevation
progression when
passive motion restored
to expected level:
supine with gradual
incline to vertical,
short to long lever arm
(bent to straight elbow)

Active ER/IR with arm at
side sitting to sidelying

Scapular AROM against
gravity (eg prone
extension to hip with
scapular retraction/
depression; prone

AROM against gravity
equals PROM

No pain
Need higher-level demand

than ADL functions (eg,
sport or work)

AROM shoulder elevation,
ER(0), and functional
IR (highest spinal level
achieved with thumb
behind back without
overpressure

PROM shoulder elevation,
ER(0), ER(90) up to
60�, and IR(90)

Patient-reported outcome
measure

Pain level

(continued on next page)
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Table III The American Society of Shoulder and Elbow Therapists’ rehabilitation guidelines for anatomic shoulder arthroplasty (continued )

Phase Precautions and
guidelines

Goals Exercises Criteria to advance to next
phase

Examination

horizontal abduction to
neutral)

IR behind back gently
allowed

Aerobic activities:
walking; elliptical
without UE resistance,
stationary bicycle;
lower body weight
training

3 (POW 12þ) May begin to add
resistance to
shoulderdlow loading
with more repetition
advised

Keep weight training
below shoulder level
and anterior to the
frontal plane

Closed-chain exercises
such as planks and yoga

Gradual return to sport;
advanced upper
extremity sport such as
golf/tennis initiated at
4 mo, and full return
not prior to 6 mo

Avoid impact loading such
as sledgehammer, wood
chopping, bench
pressing

Achieve functional
demands for work and/
or sport

Gradual increase in
deltoid and periscapular
muscle strength

Maintain functional
mobility of shoulder

Pain-free use of shoulder
in ADL, work, and sport

Gentle end range
stretching especially in
forward elevation as
part of a daily lifelong
routine

Deltoid, rotator cuff,
scapular muscle and
other upper body
strengthening with
light resistance (free
weights, elastic bands,
or gym machines)
keeping weight below
shoulder level and
anterior to the frontal
plane

Biceps strengthening with
weighted elbow flexion

Functional sports-specific
training considering
total body (eg, core,
endurance)

Aerobic activities:
walking, stationary
bicycle, elliptical,
jogging, swimming
when strength is
normalized in rotator
cuff and scapular
stabilizers

NA PROM for elevation, ER(0);
ER(90); IR(90)

AROM for elevation, ER(0)
and functional IR

Scapulohumeral rhythm/
biomechanics of active
movement strategies

Strength testing for
deltoid, rotator cuff,
scapular muscles

Sports-specific analysis
(eg, trunk and hip
rotation for golf)

Patient-reported outcome
measure

Pain

POD, postoperative day; POW, postoperative week; ER, external rotation; IR, internal rotation; UE, upper extremity; ADL, activities of daily living; PROM, passive range of motion; AROM, active range of

motion; NA, not applicable; ROM, range of motion.
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Figure 3 Passive methods for external rotation to 30� in phase 1 of rehabilitation: (A) assisted with the well arm and (B) by supported
step-around.
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the healing anterior joint capsule and SSc.4,7 Methods of
performing ER include well arm– or dowel-assisted motion
in the seated or supine position, or resting the arm on a
supportive surface such as a table or countertop and turning
the torso slightly away (Fig. 2). The table step-around ER
exercise illustrated in Figure 3 lessens inadvertent
patient guarding or contraction of the SSc muscle during
dowel-assisted ROM. The ASSET panel of experts agree
that supine exercises soon after ATSA are challenging for
patients because of the following reasons: (1) if the arm is
not well supported in the plane of the scapula, there may be
painful strain across the healing incision, anterior joint
capsule, and SSc; (2) many patients are challenged with
getting into and out of a supine position without weight
bearing on the surgical arm; and (3) finding a place to sit to
do ROM is likely more convenient than lying supine and
may foster increased compliance with home exercises.

Consensus for passive elevation in phase 1 on the ASES
survey was 130�, 120�, and 90� for LTO, SSc tenotomy, and
SSc peel, respectively. The ASSET practice pattern survey
reached consensus at allowing 120� of elevation without
differentiation of SSc takedown method. As cadaveric
research has demonstrated no strain on the SSc during
elevation following arthroplasty,71 the ASSET recommen-
dation for elevation in phase 1 allows passive motion to
120� while stressing the importance of avoiding undue
force or overpressure. Isolated glenohumeral motion with
scapular blocking should be avoided at this stage of re-
covery so that scapulohumeral rhythm can occur naturally,
thereby avoiding strain on the healing SSc tendon. Methods
of performing passive elevation that have demonstrated
acceptably low SSc electromyographic activity of less than
15% maximum voluntary contraction include rope and
pulley in a seated position, table slide, or step back (Fig. 4),
and supine well arm–assisted elevation, whereas supine
dowel-assisted elevation was found to be higher than this
recommended level (24%).16 Seated table-supported or
rope-and-pulley exercises may be better selections for pa-
tients with mobility and/or balance challenges. Supine ex-
ercises may be challenging for patients if the ‘‘well arm’’
has glenohumeral osteoarthritis, rotator cuff pathology,
pain, or limited mobility for other reasons.

Active elbow flexion and extension through full ROM
is permitted as a phase 1 exercise so that the healing
biceps tenodesis retains full mobility. The short head of
the biceps and the brachialis muscles load share this
motion; therefore, active elbow flexion will not jeopar-
dize the healing biceps tenodesis, though heavy resis-
tance should be avoided for 12 weeks per ASES survey
consensus. Wrist and hand active ROM should be per-
formed for circulatory benefits to prevent distal swelling
in the operative upper extremity, and active scapular
retraction should be initiated to optimize glenoid posture
and overcome the uncomfortable static position of resting



Figure 4 Passive elevation with (A) table slide and (B) table step back.

2158 J.S. Kennedy et al.
in a sling. Gentle Codman pendulum exercises are pro-
moted in this phase as a method of shoulder muscle
relaxation, joint fluid circulation, and improving passive
ROM in elevation.

Patient education regarding the ROM limits for ER and
elevation is imperative as well as activity guidelines
restricting active elevation, resisted IR with ADL, weight
bearing through the postoperative upper extremity, and lift-
ing of weighted objects. ER with the arm at the side within
the specified limited arc of motion can be active or passive as
the posterior rotator cuff is not compromised during surgery.
Absolute precautions include avoiding ER beyond the safe
zone observed intraoperatively, ER ROM at 90� of abduction
as this maximizes SSc strain, and functional IR by placing
the hand behind the back. ASES and ASSET practice pattern
surveys reached consensus for allowing the hand only to the
greater trochanter during phase 1.

Phase 2: postoperative week 7-12

Phase 2 of rehabilitation spans the beginning of 7 through
the end of 12 weeks, and the primary goal during this time
period is to gradually restore mobility. ROM exercises
should be gentle passive stretches beyond the phase 1
precautionary range limits followed by a progression to
active assisted and then active ROM as expected mobility is
achieved. Expected ROM varies based on the preoperative
diagnosis for ATSA. Patients who undergo ATSA for
osteoarthritis have the most favorable outcomes and may
reach approximately 140�-150� of scapular plane elevation,
50�-60� of ER with the arm at the side, and IR to the upper
lumbar spine.34 In contrast, ROM expectations are lower if
ATSA is performed for rheumatoid arthritis, post-traumatic
arthritis, or dislocation arthropathy.69 With these differ-
ences in expected outcome in mind, rehabilitation special-
ists should try to achieve ROM goals by 12 weeks while the
healing joint capsule and SSc tendon are pliable, though
avoidance of excess overpressure to achieve ROM is still
important.

The Jackins active elevation progression is recom-
mended once mobility is restored.29 This progression in-
volves having patients first control the weight of the arm at
90� of elevation in the supine position, and then actively
move through increasing arcs of shoulder elevation from
this balanced position. Figure 5 illustrates the progression:
when the patient is able to control the full arc of elevation
in supine, the head of the bed is gradually inclined to more
vertical positions initially with a bent elbow to provide a
shorter lever arm to the shoulder. Progression from supine
to more upright gravity resisted positioning, and short to
long lever arm (bent to straight elbow) has been shown to
progress electromyography activation in the rotator cuff
and deltoid muscles.18,70 ASES and ASSET experts reached
consensus that stretching ER with the arm at the side can
progress safely up to 60�, and stretching ER in increasing
angles of scapular plane abduction up to 90� is allowed
during phase 2 though should not exceed 60� in order to
protect against excessive SSc strain. ASES surveys reveal
that the majority of surgeons allow IR behind the back
gradually at this stage of recovery, whereas ASSET surveys
exhibit more caution, with the majority agreeing to limit
motion to the sacrum. All of the practitioners agree that
motion for functional IR up the spine should progress
gently and gradually. Because of the healing capsule, joint
mobilization should only be used for pain modulation if
needed, and in the event of true stiffness unresponsive to
gentle stretching. ASSET consensus is that closed-chain
exercises both in weight-bearing and non–weight-bearing
positions are not indicated in phase 2; however, active
ROM against gravity with the weight of the arm as resis-
tance is allowed for deltoid, rotator cuff, and scapular
muscle activation.



Figure 5 Elevation progression: Patient progresses from the ‘‘balanced position’’ of holding the weight of the arm at 90� in supine,
through progressive arcs of active range of motion in supine, then inclined, then upright. On each progression, the elbow is initially bent for
a short lever arm, and then straightened for a long lever arm load.
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Phase 3: postoperative week 12D

Phase 3 of rehabilitation begins at 12 weeks following
surgery. Consideration regarding insurance restrictions for
rehabilitation services should be factored into the patient
plan of care. For many patients with low activity goals, this
phase of recovery will be a recommendation to continue
gentle stretching for life if individual goals have been met.
Patients with higher-level goals will benefit from continued
strengthening, which includes rotator cuff, deltoid, and
scapular stabilizer muscles, with advanced return to sport
initiated after postoperative month 4.9

ASES and ASSET surveys reached consensus that at this
stage of recovery patients may stretch in all planes without
ROM precautions and restore motion as tolerated, striving
to attain mobility aligned with patient goals. ROM and
functional gains largely occur by 6 months, though strength
will continue to develop up to 2 years following shoulder
arthroplasty.54 Surgeon recommendations on return to
sports after ATSA varies moderately.25,42 Swimming, golf,
cycling, and general fitness training are the most common
activities enjoyed by patients following ATSA, and 89% are
involved in some form of sports at an average of 2.8 years
following surgery.58 Strengthening exercises may progress
gradually using light hand weights and/or elastic band
resistance. Return to weight training is allowed with a
recommendation to keep weights anterior to the frontal
plane and below shoulder level, with use of lighter weights
and higher repetitions. The majority of rehabilitation spe-
cialists surveyed indicated that at this time closed chain
activities are permitted, including planks, yoga, and quad-
ruped exercises. A gradual return to prior activity level such
as golf, tennis, and swimming is allowed, with full return to
play restricted until postoperative month 6 to allow for
mature SSc healing. An example of graded return to ac-
tivity is to allow chipping and putting for golf at 4 months,
with return to full swing at 6 months. There is a lack of
consensus regarding maximum weight lifting limits
following ATSAwith 15 lb (11%) and 25 lb (28%) advised
by ASSET survey responders. There was consensus that
heavy impact loading with bench press, wood chopping, or
use of a sledgehammer is not advised.
Future directions

Prosthetic components used in shoulder arthroplasty are
being developed that may impact rehabilitation decision
making. An example of an innovative component with
rising utility is the stemless humeral head, which may alter
SSc fixation methods and require a different rehabilitation
approach. The convertible humeral prosthesis (from
anatomic to reverse) is another recent prosthetic option, and
the impact of this device on index procedure vs.
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arthroplasty revision should be researched regarding reha-
bilitation decision making.
Conclusion
ATSA is a surgical procedure with reliable results for
end-stage glenohumeral osteoarthritis, and rehabilitation
following this procedure should prioritize optimizing
healing of the SSc repair, followed by slow passive and
active motion recovery. Communication with the sur-
geon regarding the method of SSc takedown and the ER
safe zone can provide guidance to the rehabilitation
specialist.
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