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Background and Purpose

Conservative management of anterior shoulder dislocation (ASD) is associated with
greater recurrence compared with surgical management. Current rehabilitation protocols
may not adequately challenge shoulder stability to encourage adaptive coping strategies.
Apprehension-based training (ABT) is a new treatment concept derived from the supine
moving apprehension test (SMAT), a previously validated performance measure among
patients with ASD. The purpose of this case report is to describe the application of ABT
in a patient with recurrent ASD.

Study Design

Case report

Case Description

The subject was a 23-year-old male with bilateral recurrent ASD. The subject underwent
a 17-week exercise program involving gradual exposure to increased anterior instability
loads based on the SMAT movement pattern. The Western Ontario Shoulder Instability
Index (WOSI), Patient-Specific Functional Scale (PFPS), Tampa Scale of Kinesiophobia,
SMAT, shoulder internal and external rotation muscle strength were measured via
hand-held dynomometry before and after training.

Outcomes

Following treatment, clinically meaningful gains in quality of life (WOSI) and shoulder
function (PSFS) were noted. Kinesiophobia decreased, SMAT and shoulder internal
rotator strength increased beyond their respective minimal detectable change. Four
months after treatment, quality of life and shoulder function remained improved, and the
subject reported a reduced rate of ASD.

Discussion

Apprehension-based training involving gradual exposure to shoulder instability loads
may hold potential for improving the management of patients with ASD. Further testing
of this concept is warranted.

Level of Evidence

4, single case report
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BACKGROUND AND PURPOSE

Anterior shoulder dislocation (ASD) is common among
young and active individuals.l2 While surgical manage-
ment is associated with lower rates of recurrence,3 most
people seem to prefer to avoid surgery after a first-time
ASD.* Conservative management is also the initial treat-
ment of choice by many athletes who wish to resume com-
petitive participation within the same sporting season.>®
This choice is not without consequence as individuals fol-
lowing ASD exhibit fear of re-injury and fear of movement
which often lead to avoidance behavior and a resultant
lower quality of life.”-?

Evidence supporting the conservative management of
ASD is insufficient. One case series lacks a detailed descrip-
tion of the rehabilitation protocol, 10 while the exercise pro-
tocol described in another case series does not include any
exercise in the apprehension position (i.e. shoulder abduc-
tion and external rotation) which, in the opinion of the
authors, may not challenge anterior shoulder stability ad-
equately.l! A single randomized controlled trial indicates
better functional outcomes after a neuromuscular exercise
program compared with home strengthening exercises.!12
Adequate exposure to conditions simulating ASD seems
particularly important to stimulate the development of ef-
fective neuromuscular coping strategies. Exposure to activ-
ities considered fearful by patients with ASD may also serve
to lessen the fear associated with shoulder movement and
facilitate greater participation in daily and recreational ac-
tivities. Such an approach has been previously shown ben-
eficial among patients with chronic low back pain.13.14

The supine moving apprehension test (SMAT)15 is a
physical performance measure designed to assess the abil-
ity to control excessive shoulder horizontal abduction and
external rotation which are often implicated in the mech-
anism of ASD.16 The SMAT movement pattern may also
serve as a mechanism to train patients with shoulder in-
stability to develop effective neuromuscular control strate-
gies that may allow for improved coping with anterior in-
stability. Additionally, a progressive exercise intervention
derived from the SMAT may provide graded exposure to
conditions that cause fear, which may help decrease appre-
hension, and promote greater confidence and willingness
to use the shoulder. Apprehension-based training (ABT) is
a new treatment concept derived from the SMAT. The pur-
pose of this case report is to describe the application of ABT
in a patient with recurrent ASD.

CASE DESCRIPTION
HISTORY

A 23-year-old left-handed male (height: 181 cm, weight:
81 kg) electrical engineering student presented with com-
plaints of a seven-year history of bilateral shoulder insta-
bility. The subject reported dislocating his left shoulder for
the first time at the age of 17 while playing soccer. The
shoulder was reduced on-field with the help of a paramedic.
One month later the subject suffered a right ASD also while
playing soccer, but this time the shoulder was self-reduced

on field. Over the years the subject described multiple bilat-
eral ASD’s, more frequently on the left side than the right.
The subject reported experiencing a left ASD at least once
monthly and a right ASD once every few months. These dis-
locations were typically self-reduced. A magnetic resonance
arthrography (MRA) of the left shoulder demonstrated an
anterior-inferior labral tear as well as a Hill-Sachs lesion.
An MRA of the right shoulder demonstrated an anterior in-
ferior and posterior labral tear and a chronic Hill Sachs le-
sion. Given the subject’s preference for conservative man-
agement he was referred multiple times to physical therapy
over the years. Informed consent was obtained from the
subject prior to collecting history and physical examina-
tion.

PHYSICAL EXAMINATION

Observation revealed no atrophy over the rotator cuff or
deltoid, scapular alignment was symmetrical with no ap-
parent winging or anterior tilting, no biceps abnormality or
acromioclavicular step deformity were noted. Active range
of motion (ROM) of the right/left shoulder into forward
flexion (163°/169°), abduction (180°/173°), external rota-
tion (with arm held by the side) (60°/55°) and internal rota-
tion in the behind the back position (to the level of T3/T4
spinous process) were within the normal limits for a young
male.17-18 Passive flexion ROM could not be tested in the
supine position and passive external rotation ROM could
not be tested in the supine or standing position due to ap-
prehension. Passive internal rotation at 90° of abduction of
the right/left shoulder was within normal limits (73°/68°,
respectively).l® Shoulder internal rotator (IR) and exter-
nal rotator (ER) muscle strength was tested in the supine
position using a hand-held-dynamometer (HHD) with the
shoulder positioned at 90° of abduction and neutral rota-
tion (the preferred position of 90° abduction and 90° of
external rotation could not be assumed due to apprehen-
sion). The dynamometer was placed over the dorsal (for ER
strength) or volar (for IR strength) aspect of the distal fore-
arm and two, 5-second repetitions of a “make” test were
performed with the subject exerting maximal ER or IR effort
and the examiner providing an equal and opposing resis-
tance through the HHD. The repetition yielding the high-
est strength value was recorded. Baseline ER/IR strength
on the right was 21.1/18.7 kg, corresponding to an ER/IR
ratio of 1.12 and on the left was 16.0/20.8 kg (ER/IR ratio
0.77). The ER/IR ratio measured in this testing position in
an overhead athletic population is reported to be 0.91 and
0.94 on the dominant and non-dominant shoulder, respec-
tively.20

OUTCOME MEASURES

The Western Ontario Shoulder Instability Index (WOSI) —
The WOSI is a 21-item shoulder instability-related quality
of life measure. Each item is scored on a 100 mm visual
analogue scale resulting in a total score between 0 — 2100
which can be converted to a percentage with greater scores
indicating greater disability.2! The WOSI has excellent test-
retest reliability (intraclass correlation coefficient (ICC)
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0.9521 and a minimal clinically important difference
(MCID) of 220 points (10.4%).%2

Tampa Scale of Kinesiophobia (TSK) — The TSK is a
17-item fear of movement and reinjury measure. Each item
is scored on a 4-point Likert scale for a total score between
17 to 68 with scores greater than 37 representing high fear
of movement.23:24 The MDC of the TSK has been reported
as 10 points.2>

The WOSI and TSK were administered first immediately
following informed consent (pre-test) and again 8 days later
(baseline) to establish their stability. The WOSI and TSK
scored 84.5% and 50 points, respectively during pre-test,
and 88.6% and 52 points during baseline.

The Patient-Specific Functional Scale (PSFS) — The PSFS
is a self-reported functional ability measure. The subject
selects three daily activities affected by their condition and
rates the level of difficulty in performing these activities on
three separate 11-point (0 — 10) numeric subscales with 0
indicating “no difficulty” and 10 indicating “complete in-
ability”. The average score of the three subscales serves as
the total score of the PSFS. The PSFS has shown high test-
retest reliability among patients attending physical ther-
apy for shoulder complaints with an ICC 0.87 (95% CI 0.72,
0.94) an MDC 1.0, and an MCID 1.3.26 The subject’s base-
line PSFS score was 7.7/10.

Anterior apprehension test — The anterior apprehension
test which is typically scored dichotomously (positive/neg-
ative) was rated on a 4-point (0 - 3) ordinal scale for the
purpose of this study, with a higher score representing less
apprehension. Rating was based on the phase of the test in
which apprehension was elicited as detected by resistance
to further movement, or verbal expression of fear. The ex-
aminer stood behind the sitting patient and stabilized the
scapula to prevent retraction. The examiner then abducted
the shoulder to 90° (score 0), externally rotated the shoul-
der maximally (score 1), horizontally abducted the shoulder
behind the frontal plane (score 2), and finally abducted the
shoulder beyond 90° (score 3). The test was scored 0/3 bi-
laterally during baseline assessment.

Supine moving apprehension test - The SMAT is per-
formed in a supine position by repetitively moving the arm
to 135° and 180° of shoulder abduction over a 1-minute pe-
riod while holding a dumbbell equaling 3% body mass.!>
The test is scored based on the number of repetitions com-
pleted over a minute and has been shown to possess con-
struct and concurrent validity among patients with ASD.15
The ICC and MDC of the SMAT are 0.84 and 10 repetitions
and 0.74 and 12 repetitions on the dominant- and non-
dominant side, respectively.15

For safety reasons the procedure for the SMAT begins
with assessment of the ability to control both end-range
positions of the test (i.e. 135° and 180° of shoulder abduc-
tion in a supine lying position with the elbow straight while
holding a 2 kg weight). If the subject is unable to control
either position the SMAT is scored 0. If the subject can con-
trol both positions the dynamic test is performed beginning
with the weight held in front of the chest. The subject then
moves the shoulder to 135° of abduction, returns to the
starting position and then moves the shoulder to 180° of

abduction and then returns to the starting position. Com-
pletion of this cycle consists of one repetition of the test.!
As the subject was unable to place the shoulder in either
position (135° or 180°) on either side the SMAT was scored
0 bilaterally during baseline assessment.

ASSESSMENT

The history, physical examination, and imaging findings
suggested the subject presented with bilateral, chronic, re-
current ASD. Based on the scores of all self-reported mea-
sures and the clear apprehension and unwillingness to
move during ROM testing it was apparent that the subject
presented with a markedly reduced quality of life due to
shoulder instability and high levels of fear of movement.
The subject was scheduled to begin treatment one week fol-
lowing baseline assessment.

APPREHENSION-BASED TRAINING (ABT)

Treatment was provided by a fellowship-trained sports
physical therapist with 25 years of experience in managing
musculoskeletal shoulder disorders. Two physical therapist
students who had completed all didactic education in mus-
culoskeletal physical therapy were responsible for coordi-
nating visits to the clinic, administering self-reported out-
come measures, and maintaining weekly phone contact
with the subject to ensure compliance with the exercise
program.

The ABT was designed to enable the subject to achieve
a SMAT score of a healthy young male population (i.e. > 30
repetitions/minute).15 This approach was believed to pro-
gressively increase loads on anterior shoulder stability as
well as to gradually expose the subject to fearful condi-
tions. The ABT, which is described in detail in Table 1, is
comprised of three phases: endurance (4 weeks), dynamic
(5 weeks), and neurocognitive (4 weeks). Each phase con-
sists of one exercise which is performed daily and becomes
progressively more challenging with each consecutive week
by altering joint position, weight, speed of movement, or
cognitive load. A clinic-based treatment session was sched-
uled each week to verify proper performance and determine
readiness to progress. Progression was contingent upon
completion of the previous week’s exercise with satisfac-
tory demonstration, as well as the subject’s judgment of
readiness to progress. The next level of exercise was then
demonstrated to the subject and practiced in front of the
physical therapist. If both subject and therapist agreed it
was possible to progress, the exercise was performed during
the following week until the next treatment session.

The aim of the endurance phase was to increase the abil-
ity of the glenohumeral adductors, extensors, and internal
rotators to control outer range shoulder horizontal abduc-
tion and external rotation moments. Concomitantly, this
allowed for a gradual exposure to shoulder positions that
are typically avoided due to apprehension. The gradation of
forces was achieved by progressing from a lighter to a heav-
ier weight and by progressing from training in the scapular-
to the frontal-plane (Figure 1, a — d).
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Table 1. Apprehension-based exercise program description.

Phase Week Mode

Hand-held

Dose/pace Comments

weight?

Endurance Isometric

2kg .

2kg .

1kg e 30X 10seconds at
135° abduction
e 30X 10seconds at

180° abduction

Scapular plane

1kg e 30X 10seconds at
135° abduction
e 30X 10seconds at

180° abduction

Frontal plane

30X 10 seconds at
135° abduction
e 30X 10seconds at
180° abduction

Scapular plane

30X 10 seconds at
135° abduction
e 30X 10seconds at
180° abduction

Frontal plane

7 Isotonic (SMAT

Dynamic movement pattern)

e 3X1minuteat 10
RPMP

e 3X1minuteat15
RPM

e 3X1minuteat20

2kg RPM

Set order of movement.

e 3X1minuteat25
RPM

e 3 X1minuteat 30
RPM

10

11

Isotonic (SMAT

Neurocognitive movement pattern)

12

13

e 3 X1minuteat25
RPM Random order of
movement.

e 3X1minuteat30 One arm at atime

RPM

Random order
of movement. Both arms
simultaneously

e 3X1minuteat25
RPM

e 3X1minuteat 30
RPM

RPM, repetitions per minute @ Weight is based on the participant’s body mass: 1.5% during weeks 1-2, and 3% thereafter. P Initial pace set based on patient’s ability.

The aim of the dynamic phase was to train the subject
to produce and control the dynamic movement pattern of
the SMAT (repeatedly extending the arm to 135° and 180°
of abduction while lying in a supine position and holding
a 2 kg weight). Gradation of forces was achieved through a
progressive increase of the pace of movement up to 30 rep-
etitions-per-minute (RPM) which is thought to represent
normal SMAT performance (Supplementary videos 1 — 3).15
The initial pace (10 RPM) was set based on a shared thera-
pist-patient decision, and an attempt was made to increase
the pace by five repetitions each consecutive week. The
subject used a metronome application on his smartphone
to help maintain the prescribed exercise pace. Increasing
movement pace was thought to place greater horizontal ab-
duction and external rotation momentum which was hy-
pothesized to further challenge anterior shoulder stability

and concomitantly expose the subject to more fearful con-
ditions.

During the neurocognitive phase the subject continued
to perform the SMAT movement pattern at a relatively high
pace (25 — 30 RPM) however the order of arm movement
(135° or 180°) was unpredictable and in response to nu-
meral commands. Audio files including randomly ordered
double-digit numbers comprised of the numerals 1 and 2,
or 3 and 4 (i.e., 11, 21, 34, 44) were pre-recorded and sent
to the subject’s smartphone. The subject was instructed to
extend the left arm to the 135° position in response to the
numeral “1”, extend the left arm to the 180° position in
response to the numeral “2”, extend the right arm to the
135° position in response to the numeral “3”, and extend
the right arm to the 180° position in response to the nu-
meral “4”. Accordingly, in response to the number “11” the
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Figure 1. Endurance phase: (a) 135° scapular-plane abduction; (b) 180° scapular-plane abduction; (c) 135°
frontal-plane abduction; (d) 180° frontal-plane abduction.

subject was required to extend the left arm to the 135° po-
sition twice in a row, and in response to the number “43”
the subject was required to extend the right arm to the 180°
position followed by the 135° position. During the first two
weeks of the neurocognitive phase the subject exercised
each arm separately while during the last two weeks both
arms were trained simultaneously (Supplementary videos
4, 5). The neurocognitive phase incorporates elements of
attention, dual-tasking, reaction time, and memory. The
addition of cognitive demands to a physical task has been
previously shown to decrease performance during lower ex-
tremity functional tests such as hopping and a change of
direction.2”28 The inclusion of such elements is in accor-
dance with current views on the need to design rehabilita-
tion procedures and return-to-play testing to simulate the
chaotic conditions of competitive sports more closely.2?

Following the completion of the intervention the subject
was scheduled for a final assessment which included the
three self-reported outcome measures (WOSI, TSK, PSFS), a
repeat examination of IR and ER muscle strength, the ante-
rior apprehension test and SMAT. Four months after treat-
ment the subject was contacted to report any additional in-
stability episodes and to again complete the WOSI, TSK and
PSFS.

OUTCOME

The subject was able to complete the intervention within 17
weeks. The program lasted four weeks longer than expected
as during the 3'd week of the program (endurance phase)
the subject suffered a left shoulder dislocation while reach-
ing into the backseat of his car. The dislocation was self-
reduced within a few seconds, however this resulted in the
need to rest the shoulder for 10 days. In addition, the sub-
ject needed an extra two weeks of training to progress from
a pace of 25 to 30 RPM during the dynamic phase (week 8),

as well as an extra week of training to progress from a pace
of 25 to 30 RPM during the neurocognitive phase (week 12).

At the end of the training period the subject reported
greater confidence and willingness to use the shoulder dur-
ing daily activities. Table 2 summarizes pre-test, baseline,
post-treatment, and follow-up self-reported measures,
while Table 3 summarizes baseline and post-treatment
physical examination measures.

The WOSI and PSFS improved well beyond their respec-
tive MCID following treatment,22.26 while the TSK score
improved beyond its reported MDC.25 The SMAT score of
both shoulders increased well beyond their respective
MDC,!5 and shoulder IR muscle strength improved beyond
the MDC previously reported for a similar testing method-
ology.20 Shoulder ER muscle strength remained unchanged.
The anterior apprehension test was still positive bilaterally,
but apprehension was elicited in a more advanced stage of
the test in both shoulders. Finally, passive ROM into shoul-
der flexion and external rotation was possible with no ap-
prehension and measured 175°/170° and 80°/86° on the
right/left side.

Four months after treatment the WOSI and PSFS re-
mained improved, however TSK score increased close to its
baseline level (Table 2). The subject reported one additional
dislocation of the right shoulder which occurred immedi-
ately after the treatment period as he was getting dressed
after an MRA of his right shoulder. The dislocation was
self-reduced, and no additional dislocations have occurred
since. Therefore, over an 8-month period (from the begin-
ning of treatment to four months following treatment) the
subject experienced one dislocation of each shoulder. The
subject considered this to be a clear reduction of the rate of
shoulder dislocations. Finally, the subject reported contin-
uing to exercise at a frequency of once a week.
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Table 2. Pre-test, baseline, final, and follow-up self-reported outcome measures.

Measure Pre-test Baseline Final 4-month Minimal detectable
follow-up change or MCID

WOSI g 84.5 88.6 55.7 54.2 10.42

TSK (17-¢8) 50.0 520 35.0 47.0 100

PSFS (5 10) NT 7.7 3.0 37 0.972

PSFS, Patient-specific Functional Scale; TSK, Tampa Scale of Kinesiophobia; WOSI, Western Ontario Shoulder Instability Index. @ Minimal clinically important difference

Table 3. Pre- and post-treatment physical examination measures.

Measure Pre-treatment Post-treatment Minimal detectable
change

Right IR strength (ke) 20.8 222 0.97 - 1.60

Left IR strength (ke) 18.7 23.6 0.97 - 1.60

Right ER strength (kg) 16.0 16.0 1.30-1.43

Left ER strength (kg) 211 215 1.30-1.43

Right SMAT (repetitions) 0 25 12

(non-dominant side)

Left SMAT (repetitions) 0 28 10

(dominant side)

Right anterior apprehension 0 2 NA

(0-3)

Left anterior 0 3 NA

apprehension

(0-3)

ER, external rotation; IR, internal rotation; SMAT, supine moving apprehension test.

DISCUSSION

A novel exercise program specifically designed for patients
with ASD was successfully implemented in the care of a
patient with bilateral recurrent ASD. Following interven-
tion clinically meaningful gains in quality of life and func-
tional ability were observed along with reduced kinesiopho-
bia and increased willingness to move the shoulder. The
SMAT score improved beyond the random error associated
with this test.1> The change in SMAT score and final SMAT
score were well above those observed among patients after
surgical stabilization and post-operative rehabilitation.!®
Furthermore, the final SMAT score for both shoulders was
only slightly below the score of a healthy young male pop-
ulation.!5 Collectively, these results suggest ABT may hold
potential in improving the conservative care of patients
with ASD.

The ABT is unique in that it is focused on obtaining con-
trol of a specific movement pattern that is known to be
deficient among patients with ASD.1> The basic premise
behind the program is that confrontation with progres-
sively increased shoulder apprehension conditions will fa-
cilitate neuromuscular and psychological adaptations that
will result in increased confidence and willingness to use
the shoulder during activities of daily living.

Previous studies suggest delayed and reduced activation
of muscles with potential to control excessive shoulder hor-
izontal abduction and external rotation such as the pec-
toralis major and subscapularis.3%3! Such neuromuscular

deficits may play a role in the mechanism of recurrent
ADL. The ABT was designed to improve the function of
these muscles as well as other muscles with potential to
prevent excessive horizontal abduction and external rota-
tion such as the teres major, latissimus dorsi, and biceps
brachii. Although the specific muscle activation pattern as-
sociated with ABT has not yet been reported, it is theorized
that the supine lying position with the shoulder at 135°
or 180° of abduction as performed in the endurance phase
elicits activation of these muscles. The rapid acceleration
of the shoulder into the 135° and 180° positions during
the dynamic and neurocognitive phases is thought to in-
voke reactive activation of the adductors and internal ro-
tators of the shoulder to decelerate the arm at end-range
and accelerate it back to the starting position. Gradually
increasing the pace of this movement creates plyometric
training conditions, which has been previously shown to
elicit joint protective neuromuscular adaptations such as
improved proprioception and kinesthesia, faster production
of maximal torque, and decreased amortization time from
external to internal rotation.32 Although the authors did
not assess for these adaptations after treatment, there was
an increase in shoulder IR but not ER muscle strength fol-
lowing treatment, suggesting muscle-specific adaptations
had occurred.

Patients with recurrent ASD have been shown to exhibit
increased kinesiophobia,’-8 and persistent avoidance of cer-
tain daily and sport-related activities.? Increased activation
of brain networks regulating motor resistance, cognitive
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control of movement, anxiety, and emotional regulation
has been elicited in patients with anterior shoulder insta-
bility when visually presented with movements associated
with anterior shoulder apprehension.33 Given these find-
ings, it would seem that patients with ASD may benefit
from psychological-based interventions such as graded ex-
posure which has been successfully used among patients
with chronic low back pain.14 The ABT provides a simple
and feasible platform for providing such graded exposure in
the context of ASD. The progressive confrontation with an-
terior instability loads may lead to habituation and degra-
dation of the apprehension response. This may have been
manifested by a decrease in kinesiophobia at the end of the
treatment period, an increased tolerance to the anterior ap-
prehension test and passive ROM testing, and an improved
performance of the SMAT.

Despite the decreased rate of ASD and the clinically
meaningful improvement in most outcome measures, the
subject remained affected by shoulder instability as man-
ifested by a relatively high WOSI score, a positive appre-
hension test and the recurrence of kinesiophobia at follow-
up. While long-term disability and persistent apprehension
have been documented years after surgical stabilization of
the shoulder,?3* incorporating additional elements into
ABT should be considered. Exercises in this case report
were performed solely in the supine lying position. While
this provides for a controlled progression of anterior desta-
bilizing forces, it does not consider the variety of circum-
stances under which ASD might occur.35 Incorporating the
control of the same movement pattern in other positions or
under weight-bearing and/or closed kinematic conditions
may serve to lessen kinesiophobia and disability even fur-
ther.

Another consideration is adaptability. The ABT may
need to be modified based on the individual needs of pa-
tients. For example, early after an acute ASD, patients must
first regain full active ROM prior to beginning the ABT pro-
tocol. In contrast, patients who can perform the SMAT rel-
atively well at baseline may be allowed to progress more
rapidly through the initial phase of the program. Finally,

patients presenting with impairments possibly contributing
to shoulder instability such as scapular dyskinesis or rota-
tor cuff strength deficits, should be prescribed additional
exercises to address such impairments.

This case report has several other limitations. Most im-
portantly, a case report cannot infer a cause-and-effect re-
lationship between intervention and outcome. Only a ran-
domized controlled design can prove whether ABT yields
results that differ from those of other interventions or the
natural history of ASD. Second, no long-term follow was
performed, and outcome is limited to the immediate- and
short-term periods only. Third, the mechanism behind the
clinical improvement observed following treatment is un-
clear. Although a decrease in kinesiophobia was evident,
possible other mechanisms relating to neuromuscular con-
trol were not assessed. Fourth, because no interim outcome
assessment was carried out, it is unclear what was the value
of each of the three phases of the ABT in obtaining the out-
come. And finally, the reliability of the anterior apprehen-
sion test as performed and scored in this study was not pre-
viously determined and findings relating to this outcome
need to be interpreted with caution.

CONCLUSION

Apprehension-based training, an intervention specifically
designed for patients with ASD, was successfully completed
by a subject with bilateral recurrent ASD. Clinically mean-
ingful gains in quality of life and functional ability were de-
tected, along with a reduced rate of shoulder dislocations,
decreased kinesiophobia, increased willingness to move,
and an improved SMAT score. Further study is warranted
to explore the feasibility and efficacy of this intervention
among patients with ASD.

Submitted: November 26, 2023 CDT, Accepted: May 29, 2024
CDT
© The Author(s)

This is an open-access article distributed under the terms of the Creative Commons Attribution 4.0 International License
(CCBY-NC-4.0). View this license’s legal deed at https://creativecommons.org/licenses/by-nc/4.0 and legal code at https://cre-
ativecommons.org/licenses/by-nc/4.0/legalcode for more information.

International Journal of Sports Physical Therapy



Apprehension-Based Training: A Novel Treatment Concept for Anterior Shoulder Dislocation — A Case Rep...

REFERENCES

1. Liavaag S, Svenningsen S, Reikeras O, et al. The
epidemiology of shoulder dislocations in Oslo. Scan |
Med Sci Sports. 2011;21(6):e334-e340. doi:10.1111/
j.1600-0838.2011.01300.x

2. Zacchilli A, Owens BD. Epidemiology of shoulder
dislocations presenting to emergency departments in
the United States. ] Bone Joint Surg Am.
2010;92(3):542-549. doi:10.2106/IBJS.1.00450

3. Belk JW, Wharton BR, McCarty EC, et al. Shoulder
stabilization versus immobilization for first-time
anterior shoulder dislocation: A systematic review
and meta-analysis of Level 1 randomized controlled
trials. Am J Sports Med. 2022;51(6):1634-1643.
doi:10.1177/03635465211065403

4. Yaari L, Ribenzaft SZ, Kittani M, Yassin M, Haviv B.
Epidemiology of primary shoulder dislocations
requiring surgery: a cohort study from a major
trauma center during 7 years. ] Orthop Surg (Hong
Kong). 2022;30(3):10225536221134032. doi:10.1177/
10225536221134032

5. Dickens JF, Owens BD, Cameron KL, et al. Return
to play and recurrent instability after in-season
anterior shoulder instability: a prospective
multicenter study. Am J Sports Med.
2014;42(12):2842-2850. d0i:10.1177/
0363546514553181

6. Shanley E, Thigpen C, Brooks J, et al. Return to
sport as an outcome measure for shoulder instability:
Surprising findings in nonoperative management in a
high school athlete population. Am J Sports Med.
2019;47(5):1062-1067. d0i:10.1177/
0363546519829765

7. Olds M, Ellis R, Parmar P, Kersten P. The immediate
and subsequent impact of first-time traumatic
anterior shoulder dislocation in people aged 16-40:
Results from a national cohort study. Shoulder Elbow.
2021;13(2):223-232. doi:10.1177/1758573220921484

8. Eshoj H, Rasmussen S, Frich LH, Jensen SL,
Sogaard K, Juul-Kristensen B. Patients with non-
operated traumatic primary or recurrent anterior
shoulder dislocation have equally poor self-reported
and measured shoulder function: A cross-sectional
study. BMC Musculoskelet Disord. 2019;20(1):59.
doi:10.1186/s12891-019-2444-0

9. Safran O, Beyth S, Milgrom C, Milgrom Y, Nir D,
Finestone AS. At long-term follow-up many first-time
male traumatic shoulder dislocators remain
symptomatic. J Sci Med Sport. 2023;26(6):291-295.
doi:10.1016/j.jsams.2023.03.008

10. Riccio I, de Sire A, Latte C, Pascarella F,
Gimigliano F. Conservative treatment of traumatic
shoulder instability: A case series study.
Musculoskelet Surg. 2015;99:133-137. doi:10.1007/
$12306-015-0373-0

11. Aronen JG, Regan K. Decreasing the incidence of
recurrence of first-time anterior shoulder dislocations
with rehabilitation. Am J Sports Med.
1984;12:283-291. d0i:10.1177/036354658401200408

12. Eshoj HR, Rasmussen S, Frich LH, et al.
Neuromuscular exercises improve shoulder function
more than standard care exercises in patients with
traumatic anterior shoulder dislocation: A
randomized controlled trial. Orthop | Sports Med.
2020;8(1):2325967119896102. doi:10.1177/
2325967119896102

13. George SZ, Zeppieri G. Physical therapy
utilization of graded exposure. J Orthop Sports Phys
Ther. 2009;39(7):496-505.

14. Woods MP, Asmundson GJG. Evaluating the
efficacy of graded in vivo exposure for the treatment
of fear in patients with chronic back pain: a
randomized controlled clinical trial. Pain.

2008;136(3):271-280. d0i:10.1016/j.pain.2007.06.037

15. Rabin A, Chechik O, Olds MK, et al. The supine
moving apprehension test - reliability and validity
among healthy individuals and patients with anterior
shoulder instability. Shoulder Elbow. Published online
2023. doi:10.1177/17585732231170197

16. McMahon PJ, Chow S, Sciaroni L, Yang BY, Lee
TQ. A novel cadaveric model for anterior-inferior
shoulder dislocation using forcible apprehension
positioning. J Rehabil Res Dev. 2003;40:349-359.
doi:10.1682/JRRD.2003.07.0349

17. Gill TK, Shanahan EM, Tucker GR, Buchbinder R,
Hill CL. Shoulder range of movement in the general
population: Age and gender stratified normative data
using a community-based cohort. BMC Musculoskelet
Disord. 2020;21(1):676. doi:10.1186/
$12891-020-03665-9

18. Constant CR, Gerber C, Emery RJH, Sojbjerg JO,
Gohlke F, Boileau P. A review of the Constant score:
modifications and guidelines for its use. J Shoulder
Elbow Surg. 2008;17(2):355-361. doi:10.1016/
].jse.2007.06.022

International Journal of Sports Physical Therapy


https://doi.org/10.1111/j.1600-0838.2011.01300.x
https://doi.org/10.1111/j.1600-0838.2011.01300.x
https://doi.org/10.2106/JBJS.I.00450
https://doi.org/10.1177/03635465211065403
https://doi.org/10.1177/10225536221134032
https://doi.org/10.1177/10225536221134032
https://doi.org/10.1177/0363546514553181
https://doi.org/10.1177/0363546514553181
https://doi.org/10.1177/0363546519829765
https://doi.org/10.1177/0363546519829765
https://doi.org/10.1177/1758573220921484
https://doi.org/10.1186/s12891-019-2444-0
https://doi.org/10.1016/j.jsams.2023.03.008
https://doi.org/10.1007/s12306-015-0373-0
https://doi.org/10.1007/s12306-015-0373-0
https://doi.org/10.1177/036354658401200408
https://doi.org/10.1177/2325967119896102
https://doi.org/10.1177/2325967119896102
https://doi.org/10.1016/j.pain.2007.06.037
https://doi.org/10.1177/17585732231170197
https://doi.org/10.1682/JRRD.2003.07.0349
https://doi.org/10.1186/s12891-020-03665-9
https://doi.org/10.1186/s12891-020-03665-9
https://doi.org/10.1016/j.jse.2007.06.022
https://doi.org/10.1016/j.jse.2007.06.022

Apprehension-Based Training: A Novel Treatment Concept for Anterior Shoulder Dislocation — A Case Rep...

19. Lunden JB, Muffenbier M, Giveans MR, Cieminski
CJ. Reliability of shoulder internal rotation passive
range of motion measurements in the supine versus
sidelying position. J Orthop Sports Phys Ther.
2010;40(9):589-594. d0i:10.2519/jospt.2010.3197

20. Cools AM, Vanderstukken F, Vereecken F, et al.
Eccentric and isometric shoulder rotator cuff strength
testing using a hand-held dynamometer: Reference
values for overhead athletes. Knee Surg Sports
Traumatol Arthrosc. 2016;24(12):3838-3847.
doi:10.1007/s00167-015-3755-9

21. Kirkley A, Griffin S, McLintock H, Ng L. The
development and evaluation of a disease-specific
quality of life measurement tool for shoulder
instability. The Western Ontario Shoulder Instability
Index (WOSI). Am J Sports Med. 1998;26(6):764-772.
doi:10.1177/03635465980260060501

22. Kirkley A, Griffin S, Dainty K. Scoring systems for
the functional assessment of the shoulder.
Arthroscopy. 2003;19(10):1109-1120. doi:10.1016/
j.arthro.2003.10.030

23. Kori SH, Miller RP, Todd DD. Kinesiophobia: A
new view of chronic pain behavior. Pain Manag.
Published online 1990:35-43.

24. Vlayen JWS, Kole-Snijders AM]J, Boeren RGB, van
Eek H. Fear of movement/(re)injury in chronic low
back pain and its relation to behavioral performance.
Pain. 1995;62(3):363-372. doi:10.1016/
0304-3959(94)00279-N

25. Yona T, Yaniv M, Rom J, Damri E, Fischer AG.
Translation, cross-cultural adaptation and reliability
of the International Knee Documentation Committee
(IKDC) subjective knee form and the tampa scale for
kinesiophobia (TSK) into Hebrew. Arch Orthop
Trauma Surg. 2023;143(5):2629-2640. do0i:10.1007/
s00402-022-04548-5

26. Koehorst MLS, Van Trijffel E, Lindeboom R.
Evaluative measurement properties of the subject-
Specific Functional Scale for primary shoulder
complaints in physical therapy practice. J Orthop
Sports Phys Ther. 2014;44(8):595-603. doi:10.2519/

jospt.2014.5133

27. Simon JE, Millikan N, Yom J, Grooms DR.
Neurocognitive challenged hops reduced functional
performance relative to traditional hop testing. Phys
Ther Sports. 2020;41:97-102. doi:10.1016/
j.ptsp.2019.12.002

28. Serpell BG, Ford M, Young WB. The development
of a new test of agility for rugby league. J Strength
Cond Res. 2010;24(12):3270-3277. d0i:10.1519/
]SC.0b013e3181b60430

29. Wilk K, Thomas ZM, Arrigo CA, Davies GJ. The
need to change return to play testing in athletes
following ACL injury: A theoretical model. Int J Sports
Phys Ther. 2023;18(1):272-281. d0i:10.26603/
001c.67988

30. Myers JB, Ju YY, Hwang JH, McMahon PJ], Rodosky
MW, Lephart SM. Reflexive muscle activation
alterations in shoulders with anterior glenohumeral
instability. Am | Sports Med. 2004;32:1013-1021.
doi:10.1177/0363546503262190

31. Brostrom LA, Kronberg M, Nemeth G. Muscle
activity during shoulder dislocation. Acta Orthop
Scand. 1989;60:639-641. doi:10.3109/
17453678909149593

32. Swanik KA, Lephart SM, Swanik CB, Lephart SP,
Stone DA, Fu FH. The effects of shoulder plyometric
training on proprioception and selected muscle
performance characteristics. J Shoulder Elbow Surg.
2002;11(6):579-586. d0i:10.1067/mse.2002.127303

33. Haller S, Cunningham G, Laedermann A, et al.
Shoulder apprehension impacts large-scale
functional brain networks. AJNR Am Neuroradiol.
2014;35(4):691-697.

34. Maman E, Dolkart O, Krespi R, et al. A
multicenter retrospective study with a minimum
5-year follow-up comparing arthroscopic Bankart
repair and Latarjet procedure. Orthop J Sports Med.
2020;8(8):2325967120941366. doi:10.1177/
2325967120941366

35. Owens BD, Duffey ML, Nelson BJ, DeBerardino
TM, Taylor DC, Mountcastle SB. The incidence and
characteristics of shoulder instability at the United
States Military Academy. Am ] Sports Med.
2007;35(7):1168-1173. d0i:10.1177/
0363546506295179

International Journal of Sports Physical Therapy


https://doi.org/10.2519/jospt.2010.3197
https://doi.org/10.1007/s00167-015-3755-9
https://doi.org/10.1177/03635465980260060501
https://doi.org/10.1016/j.arthro.2003.10.030
https://doi.org/10.1016/j.arthro.2003.10.030
https://doi.org/10.1016/0304-3959(94)00279-N
https://doi.org/10.1016/0304-3959(94)00279-N
https://doi.org/10.1007/s00402-022-04548-5
https://doi.org/10.1007/s00402-022-04548-5
https://doi.org/10.2519/jospt.2014.5133
https://doi.org/10.2519/jospt.2014.5133
https://doi.org/10.1016/j.ptsp.2019.12.002
https://doi.org/10.1016/j.ptsp.2019.12.002
https://doi.org/10.1519/JSC.0b013e3181b60430
https://doi.org/10.1519/JSC.0b013e3181b60430
https://doi.org/10.26603/001c.67988
https://doi.org/10.26603/001c.67988
https://doi.org/10.1177/0363546503262190
https://doi.org/10.3109/17453678909149593
https://doi.org/10.3109/17453678909149593
https://doi.org/10.1067/mse.2002.127303
https://doi.org/10.1177/2325967120941366
https://doi.org/10.1177/2325967120941366
https://doi.org/10.1177/0363546506295179
https://doi.org/10.1177/0363546506295179

Apprehension-Based Training: A Novel Treatment Concept for Anterior Shoulder Dislocation — A Case Rep...

SUPPLEMENTARY MATERIALS

Supplementary video 1. Dynamlc phase RPM 10

Download: https:
for-anterior-shoulder- dlslocatlon -a-case-report/attachment/230899.mp4

Supplementary video 2. Dynamlc phase 20 RPM

Download: https:
for-anterior-shoulder- dlslocatlon -a-case-report/attachment/230902.mp4

Supplementary video 3. Dynamlc phase 30 RPM

Download: https:
for-anterior-shoulder- dlslocatlon -a-case-report/attachment/230901.mp4

Supplementary video 4. Neurocognltlve phase - unilateral tralnlng 30 RPM

Download: https:
for-anterior-shoulder- dlslocatlon -a-case-report/attachment/230898.mp4

Supplementary video 5. Neurocogmtlve phase - bilateral tralnlng 30 RPM

Download: https:
for-anterior-shoulder- dlslocatlon -a-case-report/attachment/230900.mp4
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