Rehabilitation and Return to Sport in Athletes

Return to Sport After Shoulder Stabilization
Procedures: A Criteria-Based Testing Continuum to
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Abstract: The athlete with shoulder instability poses a unique challenge to the sports medicine team. Clinical studies
support surgical intervention followed by a phased approach to rehabilitation. In the latter phases, it is important to tailor
this program to the individual’s speciﬁc athletic needs, which requires ongoing qualitative assessment and objective
measurement. Passing a return-to-sport testing battery has been shown to decrease the risk of recurrent instability. What
is lacking in the literature is a consensus for how to best measure shoulder performance when the required athletic
demands are widely varied by hand dominance, sport played, and playing position. Multiple upper-extremity tests have
been described in the literature, but there is no consensus on which tests should be used to direct rehabilitation and to
safely return the athlete to unrestricted athletic exposure. Using available evidence, we suggest a framework for returnto-play testing that integrates traditional rehabilitation phases with performance testing and graduated sports exposure.
Level of Evidence: Level V, expert opinion.

T

here is a high rate of return to sport after shoulder
instability procedures, with most patients returning
to the same level of play. Although many athletes are
able to return to play, rates of recurrence can be signiﬁcant.1 Multifactorial reasons for poor outcomes are
described in the literature and can depend on the nature of the instability, choice of procedure, demands of
the sport, and individual characteristics of the athlete.
What is not described well in the literature is the condition (mobility, stability, performance, and so on) of
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the shoulder at the time of clearance to return to play.
Passing a return-to-sport testing battery has been
shown to decrease the risk of recurrent instability.
What is lacking in the literature is a consensus for how
to best measure shoulder performance when the
required athletic demands are widely varied by hand
dominance, sport played, and playing position. Multiple
upper-extremity tests have been described in the literature, but there is no consensus on which tests should
be used to direct rehabilitation and to safely return the
athlete to unrestricted athletic exposure. Our purpose
was to describe a battery of objective measures designed
to inform rehabilitation intervention and aid in returnto-sport decision making.

Return to Sport After Stabilization
Procedures
The success of shoulder stabilization procedures, often
described as a full return to the prior level of participation without recurrence, is inﬂuenced by many factors such as high-risk athletic demands, the amount of
bone loss, the number of episodes of instability, and the
direction of instability. A more appropriate measure of
success may combine clinical outcomes with patient
satisfaction, which has been directly linked to a
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patient’s preoperative expectations.2 Speciﬁc to stabilization surgery for both primary and recurrent procedures, 92% of athletes expected to return to the same
level of play and 79% expected instability to be
completely resolved. It is interesting to note that the
patients with the highest expectations were also those
participating in the highest-risk athletic group (collision
sports).2 For some athletes, perhaps because they
graduate or choose to pursue a different sport after
injury, a return to their prior sport is not a goal.
Establishing goals and managing expectations as part of
a shared decision-making process between the athlete
and the provider should precede the initiation of
interventions.

Outcomes of Shoulder Stabilization
Procedures
In 2018, Ciccotti et al.3 performed a systematic review
of return to sports participation in athletes undergoing
procedures for anterior instability and found that most
of the included studiesdtwo-thirdsdreported a rate of
return to sports participation over 80%. In a review of
studies with at least 10 years’ follow-up after primary
arthroscopic Bankart procedures, the dislocation rate
was 16%; revision rate, 17%; recurrent instability rate,
31.2%; and instability arthropathy rate, 59.4%.1 In
athletes undergoing an open Bankart revision procedure, the commonly accepted recurrence rate is 3% to
5%. This was consistent with the ﬁndings of a study of
military cadets with a 3% recurrence rate and with only
4.5% reporting that they would decline surgery in
hindsight.4 After the Latarjet procedure, 88% of athletes (88.2% of collision and 90.3% of overhead athletes) return to sport, with 72.6% (69.5% of collision
and 80.6% of overhead athletes) returning to the prior
level of play.5 Most return at 5.8 months (range, 3.2-8
months).5 In a recent systematic review of the rate,
timing, and criteria for return to play after posterior
shoulder instability, Fried et al.6 reported that both
collision and overhead athletes return to play at similar
rates (62.7%-100%) but overhead athletes are more
likely to return at a lower level of play. Reinjury rates
between 3.4% and 7% were reported. One retrospective investigation reported a lower likelihood of
returning to sport after revision procedures.7
Ciccotti et al.3 also extracted the criteria used for
return-to-play decision making and found that no study
included a scoring instrument. Time, strength, range of
motion, absence of pain, radiographs, stability, and
proprioception were included. However, timedmost
often 6 monthsdwas the sole criterion in 75.8% of
the studies. When range of motion, strength, and stability were included, the assessments were not
described as objectively measured but rather as “full,”
“near normal,” or “good static stability.”3 Hurley et al.5

performed a similar review of studies reporting on
athletes undergoing the Latarjet procedure, which is
promoted to provide a faster return to sport. The ﬁndings were similar: Time, imaging, clinical examination,
strength, pain, and range of motion were listed as
criteria, but none of the studies described objective
means of assessment or predetermined thresholds to be
met prior to release to unrestricted activity. After procedures addressing posterior instability, Fried et al.6
found no consensus for guidelines to determine when
it is safe to return an athlete to play. Again, however,
strength, range of motion, time (4-6 months with 6
months most commonly used), absence of pain,
completion of a sport-speciﬁc rehabilitation protocol,
and proprioception were reported.7

Time and Clinical Examination Alone Are
Not Adequate
Although a period of 6 months is reported as the most
frequently used criterion in return-to-sport decision
making, it does not provide necessary information on
the athlete’s functional progress or readiness to return
to athletic demands. A recent retrospective study
emphasized the importance of using criteria-based return-to-sport testing (CBRST) in the decision-making
process for returning athletes to sport after Bankart
repair.8 The authors compared patients’ return-to-play
status based on the use of an established battery of
tests. Athletes who did not undergo CBRST were 4.85
times more likely to experience recurrent instability
after returning to sport and had a 22% rate of recurrence compared with a 5% rate among athletes who
were required to pass CBRST.8 Wilson et al.9 reported
similar ﬁndings in a cohort of collegiate and high school
athletes undergoing anterior or posterior stabilization
surgery. At 6 months’ follow-up, they found that only 5
of 43 patients passed the entire test battery. Only 7 of
43 passed all strength criteria. Alternatively, 26 of 43
passed both of the functional testing components.9 This
ﬁnding establishes the potential for lingering strength
deﬁcits when time and functional testing are considered
in isolation.

Phased and Speciﬁc Rehabilitation Is
Essential
Not only do the aforementioned remaining deﬁcits at
6 months underscore the importance of assessing
physical and functional characteristics, they also reveal
the need for high-quality rehabilitation to achieve the
prior level of performance and to decrease recurrence
in high-level sports. Progression from the early postoperative period to the rigorous demands of sports requires a strategic and informed approach. There is
much agreement on rehabilitation guidelines including
the 4 common phases (protective, restrictive, active,
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and function/sport) and, even more speciﬁcally, on the
aims of early rehabilitation. Aside from grossly symmetrical strength and motion and the common time
frame of 6 months, there are no well-implemented
return-to-sport objective criteria for shoulder stabilization procedures. As mentioned previously, this lack of
robust return-to-sport criteria may lead to an increased
reinjury rate, but it also poses a challenge to determining the end goals for rehabilitation. When determining the rehabilitation trajectory, it is important to
start with the end in mind. This begins with establishing
the athlete’s expectations and goals through the shared
decision-making process. Without a clear approach and
objective criteria, one is unable to accurately determine
readiness for return to sporting demands and to subsequently reduce the risk of reinjury.
In a 2016 consensus statement from the World
Congress in Sports Physical Therapy, Ardern et al.10
described a 3-step return-to-sport progression to guide
end-stage decision making. This approach has been
referred to as the “3 P Program: Performance, Practice,
and Play” and has been mentioned in previous clinical
commentaries on return to play after shoulder injury
but not speciﬁcally to shoulder instability.11 After the
resumption of daily activities and the return of foundational strength and range of motion, the athlete enters the ﬁrst phase: the performance phrase. The
performance phase is focused on the restoration of
function through sport-speciﬁc training for athletes
returning to competition. Second, the practice phase
follows the gradual progression of training participation
via a titrated increase in the time, intensity, and number of repetitions performed by the athlete during
practice. Finally, after the successful completion of a
thorough controlled practice progression, the athlete is
evaluated for readiness to resume competition in game
situations at full effort.10
Rehabilitation plays a signiﬁcant role in guiding midto late-stage progression and should include a stepwise
progression for exposing athletes to the speciﬁc demands of their sport. Guidelines such as the 3 P Program
provide
an
excellent
framework
for
conceptualizing a graduated return to participation and
play, but they leave an opportunity to be complemented with objective criteria when making returnto-play decisions. For example, one is unlikely to
adequately address deﬁcits in strength if such deﬁcits
are unmeasured. The use of criteria-based testing provides valuable information that can inform the rehabilitation plan along the full continuum of recovery
while also setting benchmarks for physical performance
at the point of return to sports participation.

Elements of Comprehensive Test Battery
The primary goal of a test battery is to prevent
recurrence or the development of secondary sequelae

e239

by setting benchmarks to inform providers and athletes,
as well as their stakeholders. With this in mind, a test
battery should include elements of what is required for
sports participation and what is required for athletes to
protect themselves during live play. We propose that
these elements should include assessments of psychological readiness and absence of kinesiophobia;
adequate sport-speciﬁc range of motion; the ability to
both develop and resist force; and scapulohumeral
stability and endurance. Means of testing these criteria
are discussed in the following sections and are summarized in Table 1.
Psychological Readiness
A number of patient-reported outcome measures
(PROMs) include components to identify patients who
will have psychological difﬁculties returning to play.
Athletes with more positive psychological responses,
such as motivation, conﬁdence, and a low level of fear,
are more likely to return to sport faster and to return
their preinjury level of participation; therefore, elements of psychological readiness should be taken into
account.12 Examples of these PROMs are the Western
Ontario Shoulder Instability Index (WOSI), the Shoulder Instability Return to Sport Index (SIRSI), and the
Kerlan-Jobe Orthopedic Clinic Shoulder and Elbow
Score (KJOC). The WOSI, 1 of the 4 most used PROMs
in shoulder instability, includes domains of physical
symptoms; sport, recreation, and work activities; lifestyle; and emotion. Whittle et al.13 conﬁrmed the
appropriate reliability, validity, and responsiveness of
the WOSI in the setting of shoulder instability with an
endorsement of additional outcomes. Wilk et al.11
suggested a score greater than 90 for return to practice and a score greater than 95 for return to full
competition for athletes returning to play after the
treatment of all shoulder conditions. Lacking from the
WOSI is the ability to predict future pain and disability.
One PROM, the KJOC, has been investigated for its
predictive ability speciﬁc to both upper-extremity conditions and sports participation. The KJOC is widely
used in participants in overarm throwing sports, such as
baseball, but has also been reported in participants in
softball, swimming, and elite canoe.14 Symptomatic
athletes in several different sports scored lower on the
KJOC than those who were asymptomatic or those who
reported a history of pain. The value of including the
KJOC in a CBRST battery is its predictive ability to
detect increased injury risk, which is currently accepted
as a score lower than 90 for participants in baseball,
with a score lower than 88 for participants in other
upper extremityedominant sports, such as canoe/
kayak, reporting similar metrics.14 With respect to
speciﬁcally quantifying psychological readiness to return to sport, the developers of the Shoulder Instability
Return to Sport Index (SIRSI) aimed to model a

Test or Outcome Measure
PROMs*
WOSI

SIRSI

KJOC

PSET

ASH

Construct

Criteria

Physical symptoms
Sport, recreation, and work
activities
Lifestyle
Emotion

Modiﬁed scores > 90 for return to practice and >
95 for return to full competition have been
suggested.11 The MCID is reported as 151.9.27

Psychological readiness

High scores correspond to a positive psychological
response.

Symptoms (pain)
Upper-extremity performance

The score for an increased injury risk is currently
accepted as <90 in baseball players, with other
upper extremityedominant sports reporting
similar metrics, at <88.14

Shoulder IR and ER (at 0 and 90 of abduction) are
measured for an isometric hold of 5 seconds for at least
2 trials on both sides. The trials are averaged and
compared bilaterally. Measures can also be normalized
to body weight.

Rotator cuff strength

The athlete lies prone with the arm off the edge of the
table and then moves the arm to 90 of horizontal
abduction while holding a weight equal to 2% of body
weight (rounded to the nearest half pound). The arm
raises are repeated until position and technique criteria
fail. The score is reported as the number of completed
repetitions and is compared bilaterally.23 In the
modiﬁed version, the abduction position is held as an
isometric contraction to failure.
The ASH uses closed-chain assessment using ﬁxed force
plates to provide a platform for measuring the rate of
force development and peak torque in the I, Y, and T
positions.18

Endurance of posterior shoulder
musculature

Normative references for both IR and ER strength
and IR/ER strength ratios are available for some
sport- and age-matched comparisons. In general,
athletes should aim for a limb symmetry index
within 10% for bilateral comparisons of IR and
ER strength. In throwers, this should be >100%
if the affected side is the throwing shoulder. IR/
ER ratios in healthy athletes range from 0.65 to
0.99 depending on position, sex, and sport. For
throwers, 0.72-0.76 would be an appropriate
goal for the IR/ER ratio.11
Limb symmetry index within 10%
Modiﬁed version: 46 seconds for female
individuals and 47 seconds for male individuals24

The WOSI includes 21 questions across 4 domains. Each
question is scaled from 0 (best) to 100 (worst). The
original score was reported as the total sum of all
questions.13 For better comparisons across respondents,
a modiﬁed score was created: Modiﬁed score ¼ 100 e
(Original score/21)
The SIRSI includes 12 questions with an 11-point Likert
scale (0-10). The total score is equal to the sum of the 12
values divided by 120 and expressed as a percentage.15
The KJOC includes 10 questions, each answered on a 10cm visual analog scale, and measured to the nearest
millimeter. Scores are added and expressed as a
percentage with a range of 0% (worst) to 100%
(best).14 For competitive overhead athletes, players
without pain scored 94.4%, players with pain scored
61.0%, and players not able to play scored 44.3%.28

Peak force and rate-of-force
development

Limb symmetry index within 10%
The minimum detectable change was between
13.2 and 25.9 N.18
(continued)
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Performance measures
Isometric strength of ER and IR at
0 and 90 using instrumented
(handheld or ﬁxed)
dynamometry

Description
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Table 1. Measures of Readiness to Return to Sport After Shoulder Stabilization

Table 1. Continued
Test or Outcome Measure
UQ-YBT

CKCUEST

SSASP

The athlete assumes a long-sitting position with the trunk
against a wall and is instructed to press a 2-kg medicine
ball for the maximum horizontal distance. This distance
is compared bilaterally.25

Construct
Dynamic upper extremity and
trunk stability

Criteria
Limb symmetry index within 10%
Normative reference for active adults and young
adults

Upper-extremity stability
Trunk stability
Speed

Generally, 21 touches is considered normal and
reﬂective of a decreased injury risk.19 Normative
values speciﬁc to sex, age, and sport are available
in the literature.

Upper-extremity stability
Trunk stability
Speed
Power
Impact
Tolerance
Strength
Power

Expected asymmetry of 4.4 seconds between
dominant and nondominant sides22

Expected asymmetry of 3%-13% between
dominant and nondominant arms25

NOTE. Measures of readiness to return to sport after shoulder stabilization procedures should include multiple constructs with objective criteria for each. To assist in test selection and
interpretation, the measures presented in this test battery are brieﬂy summarized, along with the corresponding constructs and suggested objective criteria.
ASH, Athletic Shoulder Test; CKCUEST, Closed Kinetic Chain Upper Extremity Stability Test; ER, external rotation; IR, internal rotation; KJOC, Kerlan-Jobe Orthopedic Clinic Shoulder
Elbow Score; MCID, minimal clinically important difference; OAHT, One-Arm Hop Test; PROM, patient-reported outcome measure; PSET, Posterior Shoulder Endurance Test; SIRSI, Shoulder
Instability Return to Sport Index; SSASP, Seated Single Arm Shot Put; UQ-YBT, Y-Balance Test of the Upper Quarter; WOSI, Western Ontario Shoulder Instability Index.
*Unless noted, the MCID, substantial clinical beneﬁt, and patient acceptable symptom state thresholds for these PROMs have not been established for patients after shoulder stabilization
procedures.

CRITERIA-BASED RTS AFTER SHOULDER INSTABILITY

OAHT

Description
The UQ-YBT allows upper-extremity and trunk stability
closed-chain assessment. The athlete stabilizes himself
or herself in a plank position on 1 arm while reaching as
far as possible in 3 different directions with the opposite
upper extremity. Reach distances are normalized to arm
length and compared bilaterally with a goal of
symmetry.21
The athlete assumes a plank position with the hands 36
inches apart and then reaches across the body to tap the
other hand, alternating touches for as many repetitions
as possible for 15 seconds. The mean of three 15-second
trials is reported. For female athletes, the plank position
is performed on the knees.19 To normalize to body size,
young athletes or small-statured athletes may modify
the position by placing the hands under the shoulder
rather than keeping them 36 inches apart.20
The OAHT is a high-level, closed-chain assessment. The
athlete assumes a 1-arm push-up position and then uses
that arm to hop on and off a 10.2-cm step 5 times as
quickly as possible. Time is compared bilaterally.22
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Fig 1. Framework for sequentially testing athletes recovering from shoulder stabilization procedures. This stepwise structure
suggests criteria to be administered as the athlete progresses through phased rehabilitation and graduated exposure toward full
athletic participation. (CKC, closed kinetic chain; d/s, degrees per second; ER, external rotation; GIRD, glenohumeral internal
rotation deﬁcit; HHD, handheld dynamometry; IR, internal rotation; KJOC, Kerlan-Job Orthopedic Clinic Shoulder and Elbow
Score; LSI, limb symmetry index [involved/uninvolved  100]; MMT, manual muscle testing; OKC, open kinetic chain; PSET,
Posterior Shoulder Endurance Test; ROM, range of motion; SIRSI, Shoulder Instability Readiness to Return to Sport Index; UQ,
Upper Quarter; WOSI, Western Ontario Shoulder Instability Index.)

validated PROM prevalent in the anterior cruciate ligament literature and apply it to athletes who are ready
to return to sport after an episode of shoulder instability, whether treated surgically or nonoperatively. The
developers reported signiﬁcant difference in scores,
which were worse in players who had not returned to
the same sport after an episode of instability.15
Sport-Speciﬁc Range of Motion
The nature of instability procedures, along with a
period of immobilization during the protective phase of
rehabilitation, requires a gradual restoration of normal
and symmetrical range of motion. The full and painfree active range of motion required for nonathletic
activities of daily living should be achieved prior to
undergoing a return-to-sport test battery so that testing
positions can be assumed without discomfort or stress
to soft tissues. Some athletes require a range of motion
beyond what is considered the normal limits as part of
the biomechanical adaptation to the demands of the
sport. Sports such as swimming and gymnastics reward
bilateral symmetrical hypermobility, whereas other
sports, such as baseball, volleyball, and racquet sports,
require speciﬁc asymmetrical adaptations. When
including range of motion as a criterion for return to
sport, the clinician must consider these additional

requirements because failing to do so may result in poor
mechanics with overcompensation at the distal or
proximal joint. Although some adaptive range-ofmotion metrics are well documented, such as those
observed in baseball pitchers, others are less established. A robust set of reference values based on sport,
competition level, sex, and age or maturity is lacking in
the literature. We suggest using the criteria in Figure 1
and Table 1 for baseball players11 and endorse further
literature review for established norms that may apply
to other speciﬁc populations.
Strength and Force Development
The ability to generate, sustain, and/or attenuate
force across the shoulder joint is a requirement of
athletic performance and should be assessed routinely
throughout rehabilitation. In early phases, the clinician
may choose to perform manual muscle testing to
objectively grade performance and symmetry in all
planes. As the athlete approaches symmetry, handheld
dynamometry may be implemented to provide a more
objective and reliable comparison and may expose
deﬁcits that are too subtle to be appreciated with
manual testing. We suggest a manual muscle testing
score of 5 of 5 for shoulder ﬂexion, abduction, internal
rotation (IR) (neutral), and external rotation (ER)

CRITERIA-BASED RTS AFTER SHOULDER INSTABILITY
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Fig 2. After shoulder stabilization procedures, athletes should undergo a battery of performance tests determined by the demands of their particular sport. This may include the following open- and closed-chain performance tests for strength, power,
speed, endurance, and stability. (A) In the One-Arm Hop Test (OAHT), the athlete begins in a 1-arm plank position (1) and hops
on (2) and off (1) a 10.2-cm step 5 times for speed. (B) The athlete assumes the start position (1) of the Seated Single Arm Shot
Put (SSASP) and presses (2) the 2-kg ball as far as possible. (C) During the Closed Kinetic Chain Upper Extremity Stability Test
(CKCUEST), the athlete begins in a plank position (1) with the hands 36 inches apart and then alternates touches between tapes
for 15 seconds (2). (D) The athlete pushes as hard and as fast as possible on the force plate in the “I” position (1), “Y” position (2),
and “T” position (3). (E) For the Y-Balance Test of the Upper Quarter (UQ-YBT), the athlete maintains a plank position and
reaches as far as possible in the medial (1), superolateral (2), and inferolateral (3) directions. (F) The athlete maintains a
weighted, horizontally abducted arm during the Posterior Shoulder Endurance Test (PSET).

(neutral) and a score of at least 4 of 5 for the middle and
lower trapezius prior to initiation of advanced test
battery items. Handheld dynamometry may prove most
useful for shoulder IR and ER (neutral) and for IR and
ER at 90 of abduction because there are normative
references for strength and IR/ER strength ratios
available in the literature.16,17
Although less widely available, isokinetic dynamometry may reveal additional asymmetries not
captured with isometric resistance. The limb symmetry index for IR and ER peak torque, as well as
IR/ER peak torque ratios, can be indicative of
further strength deﬁcits. Achieving adequate peak
force is a necessary benchmark for the return to
athletic activities; however, in the lower-extremity
literature, deﬁcits in the rate of force development
have been present even when peak force is symmetrical. In the upper extremity, both protection of
the joint and explosive performance require a fast
rate of force development. Fixed force plates provide
a platform for measuring the rate of force development along with peak torque. Ashworth et al.18
have proposed a test of force production and peak
force assessment across a long lever arm (I, Y, and T
positions) similar to functional athletic positions
such as tackling and throwing. The Athletic Shoulder (ASH) Test may provide further insight into

one’s ability to perform safely and effectively in the
athletic setting (Fig 2).
Scapulohumeral Stability and Endurance
The ability of an athlete to dynamically stabilize the
shoulder complex during high-velocity and highimpact play is paramount to prevention of both acute
instability recurrence and chronic symptomatic conditions that may develop in its absence. Athletes may use
the upper extremity in either open or closed kinetic
chain positions, and testing should reﬂect the demands
of the sport. Several open- and closed-chain tests that
require dynamic and static stability have been described
in the literature. Examples of tests frequently reported
for this population are the Closed Kinetic Chain Upper
Extremity Stability Test (CKCUEST), Posterior Shoulder
Endurance Test (PSET), Seated Single Arm Shot Put
Test (SSASP), One-Arm Hop Test (OAHT), and Y-Balance Test of the Upper Quarter (UQ-YBT) (Fig 2). The
CKCUEST requires the athlete to assume a plank position with the hands 36 inches apart and then reach
across the body to tap the other hand. The athlete alternates touches for as many repetitions as possible for
15 seconds. The mean of three 15-second trials is reported. For female athletes, the plank position is performed on the knees.19 To normalize to body size,
Hollstadt et al.20 described a further modiﬁcation for
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athletes who require a shorter reach distance (i.e.,
young athletes or small-statured athletes) by placing
the hands under the shoulder rather than keeping them
36 inches apart. This is a reliable and valid test that
places high demand on the scapular stabilizers and involves the full upper extremity and the trunk.20
Normative values have been reported among multiple
sports, between sexes, and among ages, with a generally accepted score of 21 touches or greater as normal
and reﬂective of decreased injury risk.
Similarly to the CKCUEST, the UQ-YBT incorporates
full upper-extremity and trunk stability in a closedchain position on 1 arm while the athlete reaches as
far as possible in 3 different directions with the opposite
arm. Reach distances are normalized to arm length and
compared bilaterally with a goal of symmetry.21
Further comparison to normative data for age, sex,
sport, and competition level may be available in the
literature.
The OAHT is another, although higher-level, closedchain assessment. The athlete is asked to assume a
1-arm push-up position and then uses that arm to hop
on and off a 10.2-cm step 5 times as quickly as possible.
Time is compared bilaterally, with a 4.4-second difference indicating the expected asymmetry between the
dominant and nondominant arms.22
The PSET was originally described as an isotonic
endurance test for the shoulder stabilizers. The athlete
lies prone with the arm off the edge of the table and
then moves the arm to 90 of horizontal abduction
while holding a weight equal to 2% of body weight
(rounded to the nearest half pound).14,23 The arm raises
are repeated until position and technique criteria fail.
The score is reported as the number of completed repetitions and is compared bilaterally, with a suggested
goal of a limb symmetry index within 10%. A modiﬁed
version of the PSET has been described as an isometric
hold for time, rather than isotonic repetitions, and this
may be more appropriate and efﬁcient for higher-level,
stronger athletes. Evans et al.24 suggested a cutoff of 46
seconds for female individuals and 47 seconds for male
individuals because less time was associated with
shoulder pain.
The SSASP is designed to measure multiple-joint
strength and power of the upper extremity in an openchain position. Athletes assume a long-sitting position
with the trunk against a wall. They are instructed to press
a 2-kg medicine ball for the maximum horizontal distance. This distance is compared bilaterally, with 3% to
13% of expected asymmetry between the dominant and
nondominant arms.25
Challenges Unique to Upper-Extremity Assessment
The challenge in establishing a consensus on a singular battery for upper-extremity return-to-sport
testing lies in selecting tests and measures that

effectively assess differing sport-speciﬁc demands. The
closed versus open kinetic chain testing position is one
of the prime examples of this debate. Whereas many
traditional return-to-sport tests, such as the CKCUEST,
OAHT, and UQ-YBT, use a closed-chain approach to
assess shoulder stability and function, many sports
require open-chain activity almost exclusively.
When considering either open- or closed-chain
functional testing, the mechanism of injury should be
considered. A systematic review by Sheehan et al.26
suggests that most traumatic dislocations are due to a
fall on an outstretched handetype mechanism and that
most anterior dislocations occur with a sudden loading
force in various degrees of shoulder abduction, ER, and
extension. In contrast, posterior shoulder instability
often presents with an insidious onset rather than after
an acute incident. Posterior instability is commonly
seen in athletes with sporting demands of increased
posterior loading, such as American football linemen
and weight lifters, as well as participants in sports
requiring increased shoulder range of motion, such as
swimming and gymnastics.6 Assessing the stability of
motion related to the mechanism of injury should be
one factor considered in determining the type of test to
be administered.
Additionally, the athlete’s sport-speciﬁc demands can
provide a valuable context for which testing elements
to include. As previously mentioned, test batteries
should include elements of what is required for sports
participation and for athletes to protect themselves
during live play. Thus, contact or collision sports should
involve some assessment of closed-chain stabilization
and control such as the OAHT or Athletic Shoulder
(ASH) Test. Overhead and throwing athletes should be
tested in the open-chain position with tests such as the
SSASP and PSET, as well as measurement of ER and IR
strength in the upper ranges of elevation.
Proposed Testing and Return-to-Participation
Framework
On the basis of the previous recommendations for
return-to-sport testing combined with traditional
rehabilitation phases and the 3 P Program, we propose
the following stepwise progression of criteria-based
testing for return to play after shoulder stabilization
procedures. Figure 1 illustrates the interaction of these
3 elements along the rehabilitation continuum. Phases
I, II, and III coincide with the return to full functional
range of motion, absence of pain, and good scapular
and shoulder strength. After meeting these criteria, the
athlete may progress to performance-based strengthening and preparation for sport demands. In phases III
and IV, the athlete undergoes a period of focused
strength training and introductory upper-extremity
stability work. Testing at this phase assesses psychological readiness, dynamometry strength measures,
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periscapular endurance, and closed-chain stability and
strength. These tests are introduced between months 4
and 6 based on the athlete’s individual progress. When
the athlete passes this initial battery, he or she begins to
practice with limited exposure. There are additional
testing considerations for collision, overhead, and
throwing athletes, which may be included as add-on
criteria for a more speciﬁc assessment tailored to athletic demands. Finally, in phase IV, the athlete completes a graded exposure to a practice and scrimmage
progression and passes all criteria-based testing prior to
returning to unrestricted competition.
Owing to the limited availability of literature on
return-to-sport testing after shoulder instability procedures, future studies should focus on validation of
testing batteries. Because the proposed return-to-play
testing framework is theoretical in nature, readers
should consider their settings and patient populations
when integrating these recommendations.
Limitations
There are many beneﬁts of using CBRST. However,
even batteries using valid and reliable tests are not
without limitations. When compared with return-tosport batteries for anterior cruciate ligament and other
lower-extremity injuries, far fewer studies have
examined upper-extremity reinjury rates, most of
which had small sample sizes. There is also limited
available evidence on the predictability of the reinjury
rate based on passing upper-extremity return-to-sport
criteria.

Conclusions
The return to sport after shoulder stabilization procedures is generally successful, although reinjury and
other symptomatic sequelae do occur. Shared returnto-sport decision making is vital to the health and
well-being of the athlete. Informing these decisions
with objective criteria through return-to-sport testing is
an effective way to ensure readiness for return to
sporting demands and to reduce the risk of reinjury.
There is limited reporting of criteria-based decision
making being used in contemporary practice, with most
criteria for the return to sports based on time alone. We
propose a framework of objective measures designed to
inform interventions across the continuum of recovery
and to aid in making decisions relating to a patient’s
participation goals. The framework includes elements of
traditional rehabilitation phases, objective testing to
better address the identiﬁed deﬁcits and to determine
readiness for progression, and guidance on integration
into practice and competition. Return-to-sport testing
should play a complementary role to inform decision
making in this return-to-play model. The only activity
that fully tests the demands of a sport is the sport itself.
Performance criteria should not be used solely as a
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clearance examination; rather, they should be used to
determine readiness to participate in graduated sport
exposure.
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