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Background: The Watson Instability Program (WIP1) is current best evidence for conservative management of atraumatic shoulder
instability, but it is unknown if this program can be effectively delivered via tele-consultation. The purpose of this longitudinal pre-
post intervention study was to determine the effects of the WIP1 on patient-reported outcome measures, scapular position, shoulder
strength, and handstand stability in student circus performers with atraumatic shoulder instability when delivered via tele-consultation.
Methods: Student circus performers aged between 15 and 35 years from the National Institute of Circus Arts were recruited. A 12-week
shoulder exercise program was delivered via tele-consultation during the Melbourne, Australia COVID-19 (coronavirus disease 2019)
lockdown. The primary outcome measures were the Western Ontario Shoulder Instability Index score and the Melbourne Instability
Shoulder Scale score. Secondary outcomes measures included the Orebro Musculoskeletal Pain Questionnaire, the Tampa Scale for
Kinesiophobia, and physical assessment measures including strength via handheld dynamometry, scapular position using an inclinom-
eter, and handstand stability via center-of-pressure fluctuation. Patient-reported outcomes were collected at baseline and 6-week,
12-week, 6-month, and 9-month time points, and physical outcomes were measured at baseline and 9-month time points. A
repeated-measures mixed model (with effect sizes [ESs] and 95% confidence intervals [CIs]) was used to analyze patient-reported out-
comes, handstand data, strength, and scapular measures. Significance was set at P < .05.
Results: Twenty-three student circus arts performers completed the study. Significant improvements were found in both Western
Ontario Shoulder Instability Index scores (effect size [ES], 0.79 [95% CI, 0.31-1.33] at 6 weeks; ES, 1.08 [95% CI, 0.55-1.6] at 12
weeks; ES, 1.17 [95% CI, 0.62-1.78] at 6 months; and ES, 1.31 [95% CI, 0.74-1.95] at 9 months; P < .001) and Melbourne Instability
Shoulder Scale scores (ES, 0.70 [95% CI, 0.22-1.22] at 6 weeks; ES, 0.83 [95% CI, 0.34-1.37] at 3 months; ES, 0.98 [95% CI, 0.46-
1.54] at 6 months; and ES, 0.98 [95% CI, 0.43-1.50] at 9 months; P < .001), as well as Orebro Musculoskeletal Pain Questionnaire
scores at all follow-up time points. The Tampa Scale for Kinesiophobia scores reached significance at 6 weeks and 12 weeks. Following
rehabilitation, we found statistically significant increases in shoulder strength in all positions tested and increased scapular upward rota-
tion measured at end-of-range abduction, as well as during loaded external rotation. The affected arm showed greater instability than the
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unaffected arm with a significant intervention effect on the affected arm showing a greater consistent anterior-posterior movement
pattern.
Conclusion: In a group of circus performers with atraumatic shoulder instability, treatment with the WIP1 via telehealth resulted in
clinically and statistically significant improvements in shoulder symptoms and function.
Level of evidence: Level IV; Case Series Treatment Study
� 2021 Journal of Shoulder and Elbow Surgery Board of Trustees. All rights reserved.
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Injuries to the shoulder in circus arts performers are
common.44,46 They account for 27.7% of annual injuries at
the University of Arts in the Netherlands46 and 12% at the
National Institute of Circus Arts (NICA) in Australia.34

This is likely because of the high demand of shoulder
stability and strength required in hanging and upper-limb
weight-bearing positions. Individuals with shoulder pre-
sentations to NICA’s performance medicine department
include those with atraumatic instabilitydthe presence of
symptomatic excessive movement of the humeral head on
the glenoid fossa in at least 1 direction (inferior, anterior, or
posterior).5 Atraumatic shoulder instability is commonly
associated with poor motor control of the scapula and hu-
meral head, as well as reduced shoulder strength and pro-
prioception.4,39 The recommendation for management of
atraumatic or micro-traumatic nonstructural shoulder
instability is rehabilitation.52 Controlling and strengthening
the scapula and associated shoulder muscles can help
compensate for the lack of passive control and assist in
active stability.7,18

The COVID-19 (coronavirus disease 2019) pandemic
has resulted in significant changes for athletes and the
performing arts industry, with modified or reduced training,
and cessation of competitions and performances across the
globe.12 These modifications have occurred in addition to
enforced government restrictions, such as city lockdowns,
quarantines, and limitations in normal activities of daily
living, including education and employment. This has led
to negative impacts on physical health, such as immune
system functioning, cardiorespiratory fitness, and muscle
strength, as well as worsening body composition.12,37 The
mental health impacts have also been significant, with
increasing reports of feelings of isolation and uncertainty.12

It is recommended that managing athletes during this time
should focus on resetting their mindsets, implementing
health promotive behaviors, monitoring body composition,
completing personalized conditioning, and focusing on
personal development.21

As the pandemic has brought about a period of relative
downtime, for injured athletes and performers, this may
facilitate more comprehensive rehabilitation and improved
conditioning and may optimize the return to performance.
Currently, there are only 3 published programs for atrau-
matic instability with enough detail to replicate in the
clinical setting: the Rockwood Instability Program (RIP),9
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the Watson Instability Program (WIP1),57,58 and the
Derby Shoulder Instability Rehabilitation Program.6 There
has only been 1 randomized controlled trial (RCT)
comparing the WIP1 and the RIP.50 The WIP1 focuses on
re-establishing motor control of the scapula, then the hu-
meral head, before progressing into strength and functional
positions. The RIP is a general rotator cuff and deltoid
strengthening program performed at lower ranges of
elevation. After a 12-week program, the WIP1 was shown
to have significantly greater treatment effects on patient-
reported outcome measures (PROMs) and pain at 12 and
24 weeks.50,54 The most recently published programdthe
Derby Shoulder Instability Rehabilitation Programdhas
not been compared with any other program in a clinical
trial. Thus, the WIP1 currently provides the highest level of
evidence for the conservative management of atraumatic
instability.

The provision of health services via tele-consultation has
increased exponentially in response to the pandemic.61

However, it is unknown if the WIP1 face-to-face shoulder
rehabilitation program is also efficacious when delivered via
a tele-consultation platform. Therefore, the aim of this study
was to determine the effects of the WIP1 on PROMs, scap-
ular position, shoulder strength, and handstand stability in
student circus performers with atraumatic shoulder instability
when delivered using a tele-consultation platform.

Materials and methods

Design

All participants in this longitudinal pre-post intervention study
were provided detailed information for the study, gave written
signed consent prior to data collection, and approved the use of
deidentified data in research.

Recruitment and eligibility

Individuals with atraumatic shoulder instability aged between 15
and 35 years willing to complete a 12-week shoulder exercise
program (March to June 2020), delivered via tele-consultation,
were recruited from a convenience sample at NICA. Two expe-
rienced shoulder physiotherapists assessed participants for inclu-
sion into the study. A diagnosis of atraumatic shoulder instability
was made if the participant reported apprehension and/or guarding
ary 2022 � 12:29 am � ce <CE>KO</CE>



Shoulder rehabilitation in circus arts performers 3
or pain in association with a loss of humeral head control via one
or more of the following tests:

1. Sulcus sign for inferior instability2,31,47

2. Anterior apprehension47 and anterior draw test (10�-30� and
80�-120� of abduction)2,16 for anterior instability

3. Posterior apprehension31 and posterior draw test2,16 (10�-30�

and 80�-120� of abduction) for posterior instability

The presence of pain or apprehension and/or guarding was
used as the criterion for a positive test result because unlike pa-
tients with traumatic structural instability, patients with atraumatic
translational instability are more likely to report feelings of pain
and not necessarily apprehension.1,3,32 In addition, a participant’s
shoulder must have been amenable to manual correction of the
scapula or humeral head to be included in the study. Manual
correction involves the therapist choosing an objective test, noting
the patient’s faulty scapular and humeral head biomechanics
during the test, and then providing manual assistance to the
scapula, humeral head, or a combination of both to correct the
faulty mechanics, after which the test is reassessed.58 Active
flexion and abduction range of motion was used to test the effect
of scapular correction. A patient needed to have a reduction in
pain or apprehension and/or guarding, an increase in active range
of motion (minimum of 20�), or an increase in strength on an
isometric test for the shoulder to be considered amenable to
manual correction.50 An improvement with manual correction
indicates that the participant has a component of motor control
dysfunction that is appropriate to treat with rehabilitation.57,58

This set of diagnostic criteria has been used in a previous RCT,
and its components have shown acceptable reliability and val-
idity.50,51 Tests of instability and correction techniques were per-
formed prior to commencement of the COVID-19 lockdown by an
independent assessor not involved with delivering the
intervention.

Participants were excluded if they had a history of shoulder
surgery on the affected shoulder; significant shoulder trauma (eg, a
fall or collision leading to glenohumeral dislocation requiring
relocation); non-correctable volitional instability; extreme anxi-
ety; neurologic motor deficit (eg, upper motor neuron or lower
motor neuron lesion); connective tissue disorder (eg, Ehlers-
Danlos syndrome or Marfan syndrome); or shoulder pain from a
cervical origin (eg, cervical radiculopathy or thoracic outlet
syndrome).
Context

The study intervention was completed over a 12-week period,
during a COVID-19 pandemic lockdown periodda time when
citizens in Melbourne, Australia, were only able to leave home for
essential activities (eg, medical appointments or grocery shop-
ping) or exercise (limited to a 5-km radius, 1 hour per day).
During this time, physical access to the NICA training facilities
was forbidden and all education was delivered online.
Outcome measures

PROMs were collected via an online questionnaire platform at
baseline and 6-week, 12-week, 6-month, and 9-month time points.
The primary outcome measures included the Western Ontario
FLA 5.6.0 DTD � YMSE5792_proof � 29 January 2
Shoulder Instability Index (WOSI) score25 and the Melbourne
Instability Shoulder Scale (MISS) score,56 which are valid and
reliable for measuring change in shoulder instability pop-
ulations.40 Minimal clinically important differences of 10% for the
WOSI score23 and 5 points for the MISS score56 were used to
determine clinical significance. Secondary outcome PROMs
included the Orebro Musculoskeletal Pain Questionnaire,29 a
measure of psychosocial risk factors28 shown to be valid and
reliable for predicting recovery,30,60 and the Tampa Scale for
Kinesiophobia, a reliable measure of pain-related fear.33 For the
Orebro Musculoskeletal Pain Questionnaire, a score > 50 points
indicates a higher estimated risk of future work disability.29 For
the Tampa Scale for Kinesiophobia, a score < 37 points indicates
a low level of pain-related fear.49 The included shoulder of each
participant was physically assessed at baseline and 9-month
follow-up.

Secondary physical outcome measures included assessment of
strength via a dynamometer (Commander Echo Muscle Tester;
JTECH Medical, Midvale, UT, USA),15,51 a valid and reliable tool
for measuring shoulder strength,19 and assessment of scapular
position via an inclinometer, a valid and reliable tool for
measuring scapular upward rotation.55 These physical outcome
measures were completed by the same 2 assessors who assessed
participants for study eligibility. Handstand stability (Fig. 1), a key
skill in performing arts and gymnastic performance, was investi-
gated by exploring center-of-pressure (COP) fluctuation using 2
Kistler force plates (600 � 400 mm, type 9281E; Kistler Group,
Winterthur, Switzerland) sampled at a rate of 1000 Hz.36 The
force plates were embedded in the floor and positioned 10 mm
apart. Handstand stability was assessed by a biomechanist and
researcher (O.T.) who was not involved in intervention delivery.

At the conclusion of the study (9-month time point), partici-
pants were asked to rate the perceived change in their shoulder
injury using an 11-point global rating-of-change score,22 ranging
from ‘‘very much worse’’ (–5) to ‘‘completely recovered’’ (þ5),
via the following question: ‘‘With respect to your shoulder injury,
how would you describe yourself now compared with prior to
completing the shoulder study?’’
Intervention

Participants progressed through the previously published
WIP157,58 via tele-consultation with 1 of 4 trained physiothera-
pists once weekly for 12 weeks. Each physiotherapist had a spe-
cial interest in the shoulder, had >5 years of experience
rehabilitating sporting injuries, and participated in a 2-hour
training evening on delivery of the protocol. Each session was
30 minutes in duration. The WIP1 has 6 stages: Stage 1 focuses on
regaining scapular motor control using the position found to be
most effective on testing of manual correction. Typically, this is
achieved through an upward rotation and elevation drill because
most individuals with atraumatic shoulder instability present with
a scapula that rests in a position of downward rotation and
depression and have a lack of upward rotation and elevation
throughout shoulder range of motion.53 Once scapular motor
control is established, humeral head control is gained in 0�-45� of
elevation. Stage 2 involves developing posterior musculature to
control posterior translation of the humeral head. Stage 3 focuses
on sagittal-plane (flexion) control between 0� and 45� of elevation.
Stage 4 involves developing control of the scapula and humeral
022 � 12:29 am � ce <CE>KO</CE>
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Figure 1 Handstand stability setup on force plates: sagittal view (A) and coronal view (B).
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head in 90� of elevation. Stage 5 focuses on building additional
strength and hypertrophy of the anterior, middle, and posterior
deltoid. Finally, stage 6 integrates program principles of gaining
motor control, endurance, and then strength in end-of-range
shoulder positions, followed by integration of partial practice of
sport- and circus-specific skills (eg, hanging position offset by
power bands in a local park) to full practice.57,58 Specific exercises
in this stage were individualized based on each participant’s circus
discipline and the type of equipment (eg, home gym or local park
gym equipment) accessible to the participant.

Following the face-to-face baseline shoulder assessment, all
participants were provided with a series of elastic exercise bands
(TheraBand, Akron, OH, USA) and an exercise diary to monitor
weekly exercise adherence. Following each online consultation,
participants received an email with a summary of their prescribed
exercises, and between appointments, they were invited to contact
their physiotherapist to answer any questions. The allocated
therapist for each participant remained consistent throughout the
12-week period. The study intervention was concluded at 12
weeks, no matter what stage of the program was reached. How-
ever, participants were encouraged to continue their rehabilitation
exercises 3-4 times per week for long-term shoulder health. Par-
ticipants were invited to contact their physiotherapist if they
wished to continue treatment following study conclusion.

Data processing

Mediolateral (ML) and anteroposterior (AP) COP data from both
force plates were calculated from the 10-second handstand trials.
Data were processed and calculated using MATLAB (version
R2017A; The MathWorks, Natick, MA, USA), with raw COP data
FLA 5.6.0 DTD � YMSE5792_proof � 29 Janu
filtered using a zero-lag eighth-order Butterworth filter with a low-
pass cutoff frequency of 12 Hz.10 The COP is the point of pressure
generated by the hand on the force plate. The point of pressure is
described in the Cartesian coordinate system, as made up by the
pairs of perpendicular axes, X (AP) and Y (ML). COP is measured
in millimeters to allow quantification of movement during a
handstand, which indicates the level of stability. Stability mea-
sures from the force-plate data included the (1) travel path of the
COP (smaller values indicate greater stability), (2) average ML
and AP COP travel distance (smaller values indicate greater sta-
bility),43 (3) average ML and AP COP travel velocity (smaller
values indicate greater stability),43 (4) root-mean-square of ML
and AP COP travel measures (smaller values indicate greater
stability),43 and (5) ML and AP approximate entropy to quantify
the amount of regularity and the unpredictability of fluctuations.
Recorded values are between 0, indicating maximum regularity,
and 2, indicating maximum irregularity.

Data analysis

A repeated-measures mixed model (with effect sizes and 95%
confidence intervals) using SPSS analysis software (version 27;
IBM, Armonk, NY, USA) was used to determine if the interven-
tion had a significant effect on PROMs, strength, and scapular
measures and to account for the withdrawal of 1 participant. The
Hedges g statistic was used to report the size of the effect, where
0.2 to <0.5 was considered a small effect; 0.5 to <0.8, a medium
effect; and �0.8, a large effect.11 Suitable transformations were
applied for some of these measures to make the model assumption
of normality more appropriate and reduce the number of outliers.
Separate analyses for handstand stability were conducted for both
ary 2022 � 12:29 am � ce <CE>KO</CE>



Table I Baseline demographic characteristics

Characteristic Data

Total cohort, n 24
Age, mean (SD), yr 23.82 (2.88)
Height, mean (SD), cm 166.61 (7.74)
Weight, mean (SD), kg 64.09 (10.26)
Positive Beighton score, n (%)* 14 (58)
Experience level, n
Certificate IV (diploma) 7
First year 6

Shoulder rehabilitation in circus arts performers 5
arms together and then for the affected arm on its own. These
multilevel analyses were conducted in HLM7.03 (Scientific
Software Int., USA) to allow for tests of moderation regarding age
and height.8 The initial analysis involved both arms tested for
significant intervention effects, as well as an affected-arm effect,
whereas the analysis for the affected arm was tested only for an
intervention effect. For most measures, a square root trans-
formation was applied to make the model assumption of normality
more appropriate. The global rating-of-change score was reported
with descriptive statistics. An a level of .05 was used to determine
statistical significance.
Second year 7
Third year 4

Dominant arm affected, n 14
Direction of instability, n (%)
Multidirectional 13 (54)
Posterior 8 (33)
Anterior and posterior 3 (12.5)

SD, standard deviation.
* A Beighton score � 4 points (of 9 points) indicates generalized

ligamentous laxity.
Results

Thirty-three student performers from NICA reported
shoulder symptoms (pain and/or dysfunction) and vol-
unteered to participate in the study. Following telephone
screening, 9 were excluded (6 reported a history of trau-
matic dislocation and 3 had incorrect diagnoses), leaving a
total of 24 performers to be physically assessed. All 24
performers (16 female and 8 male performers) were found
to have a diagnosis of atraumatic shoulder instability and
were included in the study. Baseline demographic charac-
teristics are detailed in Table I. One participant was unable
to be contacted following collection of baseline de-
mographic characteristics and strength measures, leaving
23 remaining participants in the study. Only 16 participants
were able to complete a handstand for the 10-second
duration required to undertake the stability analysis.

Outcome measures

The results of PROMs are detailed in Table II. There was a
significant and clinically important improvement in both
the WOSI and MISS total scores at all follow-up time
points, except for the WOSI physical subsection. For the
Orebro Musculoskeletal Pain Questionnaire, a significant
improvement was found at all follow-up time points29 as
scores were below the threshold score (>50) that indicates
a higher estimated risk of future work disability. The Tampa
Scale for Kinesiophobia showed a low score for pain-
related fear (<37)49 at all follow-up time points, but
statistical significance was only reached at the 6-week and
12-week time points. Handheld dynamometry shoulder
strength measures significantly improved across all posi-
tions tested; however, only scapular upward rotation at end-
of-range abduction was significantly increased compared
with baseline (Table III).

Handstand stability

Significant differences in stability were evident only in the
AP direction. The multilevel analysis of the handstand data
for both arms showed only 1 significant intervention effect
of increased movement regularity using the approximate
FLA 5.6.0 DTD � YMSE5792_proof � 29 January 2
entropy measure in the AP direction. Between the unaf-
fected and affected arms, there was a significant effect for
path of the center of pressure trajectory - less overall
movement and less AP variability (ie, improved control) in
the unaffected arm compared with the affected arm
(Supplementary Table S1). Age moderated the effect of the
intervention on the affected arm in the case of path (pre-
post change, –0.937 þ 0.465; P ¼ .027) and average ve-
locity in the AP direction (pre-post change, –0.236 þ
0.141, P ¼ .029). For both variables, the effect of the
intervention was less beneficial with increasing age
(Supplementary Table S2).

Global rating-of-change score

Nineteen of the 24 participants reported an improvement in
their overall shoulder function following study completion.
Four participants reported feeling ‘‘unchanged’’ (0 points).
No participants reported worsening of their pre-intervention
shoulder condition (Supplementary Fig S1).
Discussion

Implementation of a shoulder rehabilitation program
delivered by tele-consultation resulted in a statistically
significant improvement in total scores and the scores of all
individual subsections (eg, pain, lifestyle, and sport) of
shoulder instability–specific PROMs (MISS and WOSI), at
all time points, except for the WOSI physical item. The
results were statistically and clinically significant (mean-
ingful) as the average group improvements exceeded the
minimal clinically important difference for both the MISS
022 � 12:29 am � ce <CE>KO</CE>



Table II Patient-reported outcome measures

PROM F test Time point

F(4,83) P value Baseline 6 wk 12 wk 6 mo 9 mo

Primary
WOSI total (score from 0% to 100%,
in which 100% indicates normal
shoulder function)
Mean (SD) 9.61 <.001 69.20 (13.90) 79.65* (11.32) 84.55* (13.59) 84.07* (10.45) 85.77* (10.28)
ES (95% CI) 0.79 (0.31 to 1.33) 1.08 (0.55 to 1.6) 1.17 (0.62 to 1.78) 1.31 (0.74 to 1.95)

WOSI physical (score from 0 to 100
points, in which a lower score
indicates a lower level of shoulder-
related physical disability)
Mean (SD) 3.72 .008 22.20 (15.08) 32.31y (15.58) 24.25 (16.57) 25.11 (14.99) 22.20 (15.08)
ES (95% CI) 0.64 (0.17 to 1.14) 0.12 (–0.32 to 0.58) 0.19 (–0.26 to 0.64) 0.00 (–0.45 to 0.45)

WOSI sport (score from 0 to 40
points, in which a lower score
indicates a lower level of shoulder-
related sporting disability)
Mean (SD) 7.68 <.001 14.16 (7.21) 9.20* (5.82) 7.24* (6.43) 7.44* (5.07) 6.77* (5.89)
ES (95% CI) –0.73 (–1.25 to –0.25) –0.98 (–1.54 to –0.47) –1.04 (–1.65 to –0.51) –1.08 (–1.67 to –0.56)

WOSI work (score from 0 to 40
points, in which a lower score
indicates a lower level of shoulder-
related work disability)
Mean (SD) 5.45 .001 8.30 (7.04) 5.76z (5.23) 3.67* (5.29) 4.30y (4.34) 3.22y (2.89)
ES (95% CI) –0.40 (–0.87 to 0.06) –0.72 (–1.24 to –0.23) –0.66 (–1.18 to –0.17) –0.91 (–1.50 to –0.37)

WOSI lifestyle (score from 0 to 40
points, in which a lower score
indicates a lower level of shoulder-
related lifestyle disability)
Mean (SD) 3.06 .021 6.38 (5.49) 4.43 (3.79) 3.98y (6.39) 3.31y (3.99) 3.10y (2.93)
ES (95% CI) –0.40 (–0.88 to 0.06) –0.39 (–0.86 to 0.07) –0.62 (–1.13 to –0.14) –0.72 (–1.26 to –0.22)

WOSI emotion (score from 0 to 30
points, in which a lower score
indicates a lower level of shoulder-
related emotional disability)
Mean (SD) 6.62 <.001 11.59 (6.23) 7.20* (5.38) 5.84* (5.50) 5.85* (4.57) 5.70* (5.11)
ES (95% CI) –0.73 (–1.25 to –0.25) –0.94 (–1.50 to –0.44) –1.01 (–1.59 to –0.49) –1.00 (–1.57 to –0.48)

MISS total (score from 0% to 100%,
in which 100% indicates normal
shoulder function)
Mean (SD) 6.98 <.001 78.40 (11.51) 85.67* (8.23) 87.61* (9.89) 88.66* (8.58) 88.47* (9.12)
ES (95% CI) 0.70 (0.22 to 1.22) 0.83 (0.34 to 1.37) 0.98 (0.46 to 1.54) 0.98 (0.43 to 1.50)
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MISS pain (score from 0 to 15 points,
in which a higher score indicates a
lower level of pain)x

Mean (SD) 4.19 .004 11.61 (2.21) 12.84y (1.60) 13.09y (1.56) 13.32* (1.36) 13.03y (1.62)
ES (95% CI) 0.62 (0.14 to 1.12) 0.75 (0.26 to 1.28) 0.90 (0.39 to 1.46) 0.71 (0.22 to 1.23)

MISS instability (score from 0 to 33
points, in which a higher score
indicates fewer instability
symptoms)
Mean (SD) 4.72 .002 28.48 (4.10) 30.09* (3.73) 30.43y (3.27) 31.09y (2.97) 31.26y (4.28)
ES (95% CI) 0.40 (–0.06 to 0.87) 0.51 (0.04 to 1.00) 0.70 (0.22 to 1.23) 0.64 (0.17 to 1.15)

MISS function (score from 0 to 32
points, in which a higher score
indicates a higher level of general
function)
Mean (SD) 7.29 <.001 23.87 (5.91) 27.22* (3.13) 27.91* (3.95) 27.91* (3.78) 27.91* (3.79)
ES (95% CI) 0.68 (0.19 to 1.22) 0.78 (0.28 to 1.31) 0.79 (0.29 to 1.33) 0.79 (0.29 to 1.33)

MISS occupational and sporting
demands (score from 0 to 20
points, in which a higher score
indicates a higher level of sporting
and/or occupational function)

Mean (SD) 2.01 .089 14.44 (3.30) 15.52 (2.48) 16.17z (2.90) 16.35z (2.01) 16.26z (2.40)
ES (95% CI) 0.36 (–0.10 to 0.83) 0.54 (0.07 to 1.03) 0.67 (0.18 to 1.20) 0.61 (0.13 to 1.12)

Secondary
Orebro Musculoskeletal Pain
Questionnaire (short form) (10
items scored out of 100, in which
a higher score [>50] indicates a
higher estimated risk of future
work disability)
Mean (SD) 4.15 .004 38.26 (9.61) 30.78y (11.49) 29.87y (9.87) 30.44y (12.46) 28.22y (11.76)
ES (95% CI) –0.68 (–1.20 to –0.20) –0.83 (–1.37 to –0.34) –0.68 (–1.19 to –0.20) –0.90 (–1.45 to –0.40)

Tampa Scale for Kinesiophobia total
score (17 items scored from 17 to
68, in which a high score is
defined as �37)
Mean (SD) 2.51 .048 33.00 (4.31) 31.56z (4.62) 30.65z (4.94) 32.13 (4.16) 31.56 (3.87)
ES (95% CI) –0.31 (–0.78 to 0.14) –0.49 (–0.97 to –0.03) –0.20 (–0.65 to 0.25) –0.34 (–0.81 to 0.11)

PROM, patient-reported outcome measure; WOSI, Western Ontario Shoulder Instability Index; SD, standard deviation; ES, Hedges g effect size (0.2, small; 0.5, medium; and 0.8, large); CI, confidence

interval; MISS, Melbourne Instability Shoulder Scale.
* Significant change from baseline at P < .001 level.
y Significant change from baseline at P < .01 level.
z Significant change from baseline at P < .05 level.
x Reversal of MISS questionnaire scoring.
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Table III Strength and scapular measures

Mean (SE) Change score ES

Baseline 9 mo Mean SE P value g 95% CI

Strength measures, N
ER at 0� 96.67 (4.54) 123.17 (6.52) 26.51 3.28 <.001* 4.54 3.23-6.15
IR at 0� 137.75 (9.45) 173.28 (9.63) 35.53 4.51 <.001* 3.58 2.54-4.90
ER at 90� 64.61 (3.65) 106.41 (4.54) 41.80 2.40 <.001* 9.76 6.86-13.18
IR at 90� 98.49 (6.98) 136.76 (6.27) 38.26 2.98 <.001* 5.55 3.97-7.50
Shrug 360.92 (24.43) 433.01 (29.47) 72.09 13.8 <.001* 2.56 1.79-3.52
ER at 45� in HF 63.19 (4.16) 84.34 (4.19) 21.15 2.13 <.001* 4.87 3.48-6.60
IR at 45� in HF 146.42 (12.52) 172.41 (9.63) 26.00 4.45 <.001* 2.24 1.55-3.09
Abd at 45� 130.22 (7.53) 150.80 (8.26) 20.59 5.15 .001* 2.51 1.75-3.45
Ext at 90� 117.13 (7.44) 157.17 (8.05) 40.04 5.48 <.001* 4.97 3.55-6.73
Flex at 90� 149.95 (9.88) 168.40 (12.24) 18.45 5.83 .005* 1.60 1.07-2.24

Scapular measures, �

Resting position 3.24 (1.92) 6.33 (1.37) 3.10 2.40 .213 1.78 1.01-2.67
Abd at 30� 9.67 (1.90) 12.00 (1.51) 2.33 1.86 .223 1.31 0.69-2.01
Abd at 90� 33.95 (1.70) 35.86 (2.13) 1.90 2.23 .404 0.95 0.39-1.58
Abd at EOR 57.33 (1.16) 67.76 (1.53) 10.43 1.66 <.001* 7.39 5.26-10.02
ER at 0� with load 3.57 (2.02) 9.19 (1.24) 5.62 1.83 .006* 3.23 2.19-4.50

SE, standard error; ES, Hedges g effect size (0.2, small; 0.5, medium; and 0.8, large); CI, confidence interval; ER, external rotation; IR, internal rotation;

HF, horizontal flexion; Abd, abduction; Ext, extension; Flex, flexion; EOR, end of range.
* Statistically significant (P < .01).
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and the WOSI. The impact of the intervention resulted in a
moderate to large treatment effect at 6 weeks and a large
treatment effect at 12 weeks, 6 months, and 9 months for
both primary outcome measures.11 A significant improve-
ment was also seen in the Orebro Musculoskeletal Pain
Questionnaire at all time points and in the Tampa Scale for
Kinesiophobia at the 6-week and 12-week time points.
Given the presence of higher levels of mental health
problems in the circus population compared with normative
scores,48 as well as the potential physical and mental
burden of a complete city-lockdown environment (eg,
limitations on travel, occupation, and social interaction),
the results of this telehealth intervention were positive.

The results for the WOSI physical subscale item were
surprising, given that the scores of all other subscales
(lifestyle, emotion, and sport) improved, as did all subscale
scores for the MISS questionnaire. The instability section
of the MISS (section B), which corresponds to the physical
subscale of the WOSI, showed significant improvements
after the intervention (P < .01). One explanation for this
finding is that the individual items of this subscale differ
between the questionnaires. The WOSI physical item
questions focus on overhead activity, lack of strength, lack
of stamina, and compensation of other muscles (eg, ‘‘How
much pain do you experience in your shoulder with over-
head activities?’’ and ‘‘How much fatigue or lack of sta-
mina do you experience in your shoulder?’’), whereas the
MISS instability subsection asks questions relating to frank
instability (eg, ‘‘How often do you feel your shoulder slips
FLA 5.6.0 DTD � YMSE5792_proof � 29 Janu
or becomes unstable?’’). Although improvements in frank
instability may have been easy for patients to perceive on
the MISS, the individual items of the WOSI physical
subscale may have been difficult for participants to self-
evaluate. This may be because of an inability of partici-
pants to physically stress their shoulders in the context of
their normal circus training regimen. COVID-19 lockdown
restrictions meant that participants were largely confined to
their homes, with no access to an apparatus that would have
tested their high-level functional strength and stamina, such
as hanging from a trapeze or corde lisse. Changes in the
Tampa Scale of Kinesiophobia at 9-month follow-up were
not identified and may reflect the inability of student circus
performers to fully assess questionnaire domains (eg,
shoulder apprehensive positions when performing special-
ized circus-specific skills).

Despite patients’ perceived lack of improvement on the
physical subscale of the WOSI, physical assessment showed
that performers achieved significant improvements in shoul-
der muscle strength in all positions tested. Scapular dyski-
nesis is a typical feature of atraumatic shoulder instability,
particularly the lack of upward rotation at rest and throughout
range of motion.24,59 The scapular upward rotation range was
improved with an upward rotation–elevation motor control
drill57,58 with the arm in 30� of shoulder abduction. In pre-
vious publications, this specific drill has been shown to
significantly increase the activity of the upward rotators of
the scapula on electromyography38 and improve scapular
upward rotation angles (through varying degrees of
ary 2022 � 12:29 am � ce <CE>KO</CE>
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glenohumeral joint elevation) in a pre-post intervention
study.54 Adequate scapular upward rotation effectively ori-
ents the glenoid fossa under the humeral head, enhancing
bony congruency as well as providing a base for optimal
rotator cuff function.24 Before the intervention, all of our
participants had poor scapular upward rotation and more than
half (54%) had generalized ligamentous laxity measured via
the Beighton score.45 Authors have speculated that hyper-
mobility could increase the risk of shoulder injury through
decreased stimulation of proprioceptive afferents in the
shoulder.4 Therefore, the need for this active scapular stability
may be increased in the case of our circus cohort. Further-
more, improving scapular upward rotation not only assists in
improving glenohumeral joint stability but reduces the risk of
further shoulder injury.17 Given the significantly large de-
mands on circus performers’ shoulders, improving scapular
upward rotation is paramount for reducing their risk of
shoulder injury and enhancing sporting participation.

Optimizing strength throughout a large shoulder range
of motion is required to execute circus skills. The pro-
gression of the WIP1 from motor control to endurance to
strength-based exercises is likely to account for the im-
provements seen in shoulder strength measured via hand-
held dynamometry. Further improvements in scapular
position and shoulder strength may have required access to
sport-specific equipment (ie, circus apparatus) to complete
‘‘full practice’’ of circus-specific training (eg, hanging off a
trapeze). Unfortunately, full practice was limited because of
the COVID-19 lockdown restrictions and the associated
circus school closure.

The ability to maintain body balance in an inverted
position (handstand) is an essential skill in performing arts
and gymnastics,36 requiring effective use of the nervous,
vestibular, and proprioceptive systems.35,41 This study
showed that the affected arm is significantly less able to
maintain whole-body sway compared with the unaffected
arm in the AP direction prior to shoulder rehabilitation.
This finding may indicate that the affected arm relies more
on the unaffected arm to stabilize body sway in a direction
where the base of support is much narrower compared with
the ML direction. The rehabilitation program showed a
significant intervention effect on how the affected arm
regulated body sway in an inverted position (handstand).
Following the intervention, the participants’ affected arm
was able to control whole-body AP sway in more consistent
movement pattern. It could be hypothesized that there was a
resultant improvement in the neuromotor control system on
postural sway in the AP direction. Surprisingly, as the age
of the participants increased, there was less effect by the
intervention on controlling body sway. It may be possible
that older participants are better able to complete a hand-
stand compared with younger performers. We explored this
further among our participants by investigating the number
of years of circus arts training (experience level) as a co-
variate but did not find any effect of expertise. However, as
FLA 5.6.0 DTD � YMSE5792_proof � 29 January 2
this is a technically challenging task and the participants
had an array of circus experience, not all students had the
physical capability of performing a handstand for a 10-
second duration, so analysis of this task was further limited.

The results of this study are similar to those of 2 pre-
vious studies investigating the use of the WIP1 in partici-
pants with atraumatic shoulder instability.50,54 Watson
et al,54 in a pre-post intervention study, and Warby et al,50

in an RCT intervention study, found statistically and clin-
ically significant improvements in the MISS, the WOSI,
strength, and scapular upward rotation after face-to-face
delivery of the 12-week WIP1. Despite these similarities,
a direct comparison of tele-consultation vs. face-to-face
delivery of the WIP1 was beyond the scope of this study.
However, an across-study observation of the treatment ef-
fect size between our study and the pre-post study by
Watson et al shows comparatively large treatment effects at
the 12-week time point, indicating a similar therapeutic
benefit. The 6- and 9-month outcomes were not measured
in the study by Watson et al. A comparison of effect sizes at
equivalent 6-week, 12-week, and 6-month follow-up time
points with the RCT by Warby et al was inappropriate
because of the inherent differences in study design.

Our study revealed that a significant clinical benefit was
achieved for participants with atraumatic shoulder insta-
bility undergoing a rehabilitation program delivered via
telehealth, which is of monumental importance given the
context of the current pandemic. The developed world has
seen a rise in the uptake of telehealth as routine practice in
the context of COVID-19.14 Evidence-based telehealth
shoulder rehabilitation has the ability to transcend geog-
raphy and may result in more equitable access to health
care,13 particularly for individuals located in rural and
remote areas. Patient-perceived directions of shoulder
instability correlate well with objective tests26; therefore,
experienced therapists,27,42 in most cases, are able to make
an accurate diagnosis from the subjective examination.
However, limitations to online assessment of the shoulder
remain, including the inability to perform therapist-assisted
manual correction of the scapula and humeral head, palpate
the humeral head for pathologic translation, and assess
shoulder strength via a handheld dynamometer. In this
study, physical assessment of the shoulder was performed
face-to-face at baseline and the 9-month time point, before
and after the Melbourne, Australia COVID-19 lockdown,
but the entire intervention was delivered online. Given the
aforementioned limitations, as well as the inability to
perform manual therapy, some individuals may still prefer
face-to face physiotherapy consultations, despite known
positive outcomes with online alternatives.

Although the condition of interest was atraumatic
shoulder instability, the results of this study could be
generalized to the physiotherapy-directed treatment of
other musculoskeletal conditions via telehealth, given the
principles of a thorough subjective examination,
022 � 12:29 am � ce <CE>KO</CE>
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observation, and exercise prescription. To truly compare the
efficacy of shoulder rehabilitation delivered via tele-
consultation against face-to-face delivery, future studies
should consider a randomized controlled study design.
Limitations

An extension of the initial Melbourne, Australia COVID-19
lockdown, as well as a secondary COVID-19 lockdown in the
latter stages of data collection, meant that physical data
collection of strength, range-of-movement, and handstand-
stability measures was delayed from the planned 12-week
follow-up to 9-month follow-up. Consequently, we were
unable to ascertain the short-term benefits of strength training
immediately following WIP1 conclusion. Despite reported
improvements, it is unknown whether the strength measures
may have been found significant at an earlier time point.

Another limitation of the study is that it was a pre-post
intervention study only, with no control group. The inclusion
of a control group of circus performers with atraumatic
shoulder instability receiving no treatment was not ethically
appropriate or feasible at the time this study was conducted.
One inherent bias of observational data is the effect of time
on the treatment effect.20 However, given that participants
had symptoms for an average of 3 years 6 months (range, 4
months to 11 years) at the time of study commencement, it is
unlikely that the effect of time alone would have resulted in
any large and significant treatment effects. Although we
acknowledge that time and reduced activity (owing to the
lockdown) may have influenced participants’ pain, it is un-
likely that the significant improvements in instability-related
symptoms and in sporting and occupation function were the
result of rest alone. In addition, objective measures of scap-
ular upward rotation and strength significantly improved after
the intervention period. Thus, improvement in outcome
measures is likely a result of intervention effects.
Conclusion
In a group of circus performers with atraumatic shoulder
instability, treatment with the WIP1 via telehealth
resulted in clinically and statistically significant im-
provements in shoulder symptoms and physical function
(strength and scapular position).
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