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The S-STARTS Test: Validation of a
Composite Test for the Assessment
of Readiness to Return to Sport After
Shoulder Stabilization Surgery
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Background: The time elapsed since surgery is the primary criterion for allowing athletes to return to sport after shoulder
stabilization surgery using the Latarjet procedure. The objective assessment of shoulder functional status through the return-
to-sport continuum demands a scoring instrument that includes psychological and physical dimensions. This study aimed to
statistically validate the Shoulder-SanTy Athletic Return To Sport (S-STARTS) score in patients who have undergone primary
shoulder stabilization surgery.

Hypothesis: The S-STARTS score fulfils the criteria for statistical validation for assessing return-to-sport readiness after
shoulder stabilization surgery.

Study Design: Diagnostic study.
Level of Evidence: Level 4.

Methods: Fifty patients and 50 controls completed the Shoulder Instability-Return to Sport after Injury questionnaire and
performed 4 physical performance tests, from which 8 outcome measures were extracted to provide a composite score,
named S-STARTS, according to a scoring procedure. The statistical validation of the S-STARTS score was based on construct
validity, discriminant validity, sensitivity to change, internal consistency, reliability, agreement, and feasibility.

Results: The 8 components of the S-STARTS score provided additional information (0.01 < | 7] £0.59). The S-STARTS score
exhibited good reliability (intraclass coefficient of correlation [3,k] = 0.74), no ceiling or floor effects, and high discrimination
and sensitivity to change. The S-STARTS score was significantly lower in patients than in controls (13.5 + 3.8 points vs 16.1 +
2.7 points, respectively; P < 0.001). A significant increase was reported between 4.5 and 6.5 months postoperatively (12.8 £
2.3 points vs 17.2 £ 2.4 points, respectively; P < 0.001).

Conclusions: The S-STARTS score meets statistical validation criteria for the assessment of shoulder functional status after
shoulder stabilization surgery using the Latarjet procedure.

Clinical Relevance: Using an S-STARTS score-based assessment to monitor an athlete’s progression through the return-to-
sport continuum may help clinicians and strength and conditioning coaches in return-to-sport decision-making.
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ollision and contact sports, such as football and rugby,

place athletes’ shoulders at high risk for anterior

subluxation and luxation.” A high rate of recurrence is
observed, especially in young male adults with hyperlaxity,”'
and surgical stabilization is advocated to limit the recurrence
and increase the rate of returning to sport.” Currently, after
shoulder stabilization surgery, the main criterion to authorize
the return to sport remains the time elapsed since surgery.""
While time after surgery is necessary for biological healing, it
nevertheless appears insufficient to ensure a safe return to sport
at the preinjury level.® Consequently, additional criteria may be
helpful in deciding to return to sport after shoulder stabilization
Surgery.

Return to sport is defined as a continuum from the return to
participation to the return to performance, demanding a graded,
criterion-based progression.” Because sport performance is
multifactorial, a consensus exists on the requirement for several
criteria rather than 1 criterion for return-to-sport decisions.
These criteria must reflect the psychological and physical factors
of sport performance’ and thus draw from a battery of tests."**
Such a battery may include psychological assessment and both
closed and open skills with implementation in clinical as well as
sports settings to monitor an athlete’s progression through the
course of the return-to-sport continuum.

Shoulder stabilization surgery is primarily performed in 2
athlete populations: overhead throwing and collision and
contact sports.”* Currently, the evaluation of return-to-sport
readiness mainly focuses on shoulder instability in overhead
throwing based on self-administrated questionnaires assessing
the functional status of the shoulder"" or the resumption of the
sport activity.” Such questionnaires offer the advantage of
gathering information without direct contact between the
clinician and patient; however, the drawbacks of these current
tools are the lack of objective measures of shoulder functional
status® and the specificity of throwing activities. Notably, a
comprehensive movement system screening tool based on 21
clinical tests has recently been proposed(’; however, this tool
addresses noncontact shoulder injuries, omits open-chain upper
extremity skills, and includes only bilateral tests. Despite the
increased interest in unilateral physical performance tests for
the shoulder and upper extremity to quantitatively assess
shoulder function,” the interpretation of their outcome
measures is mainly based on the juxtaposition of each test result
among the several tests performed.” Developing a scoring
instrument based on a battery of tests that include psychological
and physical dimensions may thus help clinicians, coaches, and
athletes in return-to-sport decision-making after shoulder
stabilization surgery.

This study aimed to statistically validate the S-STARTS
(Shoulder-SanTy Athletic Return To Sport) score in patients who
have undergone primary shoulder stabilization surgery. The
score may guide a physician to determine when an athlete can
return to sport, optimizing the delay from surgery to a safe
return to sport. It was hypothesized that the S-STARTS score met
all the validation criteria to measure the readiness for the return
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n=>50 n=>50
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Figure 1. Flow diagram of the participants.

to sport in patients after shoulder stabilization surgery using the
Latarjet procedure.

METHODS
Population

One hundred athletes (14 women and 86 men ranging in age
from 16 to 43 years, mass from 43 to 121 kg, and height from
1.55 to 2.00 m, whose sport activities are presented in Appendix
1, available in the online version of this article) participated in
this study, which was approved by the ethical committee (MR
3016020520). The participants were assigned into 2 groups
(Figure 1): a patient group (PG) and a control group (CG). For
both groups, the inclusion criteria required participants to be
aged 16 to 45 years and practicing sport (at the time of injury
for the PG). For the PG, the inclusion criteria stipulated the
occurrence of shoulder instability during sport activity, a
primary shoulder stabilization using an open Latarjet procedure,
a healthy contralateral shoulder, the completion of the
immediate self-rehabilitation program described by Roulet

et al,** and authorization by a surgeon after a clinical
examination, occurring 3 months postoperatively, to perform the
battery of tests. The exclusion criteria included any surgical
contraindications, other upper limb pathology, innate
multidirectional instability, postsurgical shoulder stiffness, and
postsurgical shoulder dislocation recurrence. For the CG, the
exclusion criteria precluded a history of pain or injury of the
upper limbs in the last 12 months or a history of upper limb
surgery. Among the patients in the PG, 1 in 4 participated in a
retest session 2 months after the first session (PGr; Figure 1),
and among the athletes in the CG, 1 in 2 participated in a retest
session 1 week after the first session (CGr; Figure 1). For all
participants, the distance from the C7 spinous process to the
most distal tip of the third finger was measured on both sides
using a tape, with the upper limb abducted at 90° in the frontal
plane (Table D).

Experimental Procedure

After a standardized warm-up,"’ each participant completed a
questionnaire and performed 4 physical performance tests. Two
male assessors, highly experienced with the testing procedures,
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Table 1. Demographic, sport, and surgery characteristics expressed in mean (+ standard deviation, minimal and maximal values
in brackets) for quantitative data and in numbers for qualitative data in patient groups (PG and PGr for retest group) and control

groups (CG and CGr for retest group)

Sex (female/male) 7/43 4/9 7/43 0/25
Age (y) 241 +£6.1 23.8+7.1 22.3+3.0 22.4+3.3
[16.2; 42.9] [16.2; 39.4] [18.1; 33.3] [18.1; 33.3]
Mass (kg) 76.6 +15.9 701 +12.1 771 +14.3 78.9+8.6
[47;120] [47; 89] [43; 121] [56; 95]
Height (m) 1.77+0.08 1.74+0.11 1.76 £ 0.09 1.76 £ 0.09
[1.60; 1.92] [1.60; 1.88] [1.55; 2.00] [1.67; 2.00]
C7-3rd finger D (m) 0.91+£0.05 0.89 +0.08 0.89 £0.05 0.91 £ 0.04
[0.79; 1.00] [0.79; 0.99] [0.78;1.03] [0.83;1.03]
C7-3rd finger ND (m) 0.91 +0.05 0.89 +0.08 0.89 £0.05 0.91£0.05
[0.78; 0.98] [0.78; 0.98] [0.79; 1.04] [0.82; 1.04]
Sport involvement? 13/35/2 3/10/0 17/28/5 11/14/0
Surgery side (D/ND) 32/18 5/8 — —
Surgery-test delay (days) 138+ 14 148 + 22 — —
[91;182] [132; 182]

D, for dominant; ND, nondominant.

“Expressed in numbers for regular (>2 and <6 hours per week), intensive (>6 hours per week), or professional level, respectively.

evaluated all the patients; one assessed the PG, and the other
assessed the CG.

Shoulder Instability-Return to Sport After Injury Questionnaire

The French version of the Shoulder Instability-Return to Sport
after Injury questionnaire'" (SI-RSI) was completed by each
participant. This questionnaire quantifies the psychological
readiness of athletes to return to sport following shoulder
instability through evaluating emotions, confidence in
performance, and perceived risk. It includes 12 items, each
assessed on a scale from 0 to 10 points. The sum of the 12
values is then reported in percentage; the higher the score, the
more positive the psychological readiness.

Maximal Isometric Strength of Glenohumeral Rotator Muscles

The procedure used to measure maximal isometric strength was
described by Gillet et al."* Briefly, the participant was in a
supine position, with the tested limb abducted at 90° in the
frontal plane and 90° of elbow flexion. The maximal isometric
strength of external (ER) and internal rotator (IR) muscles was
assessed for both shoulders using a manual dynamometer
(microFET2; Hoggan Health Industries Inc). The participant was
instructed to generate strength progressively for 2 seconds and

then maximally for 5 seconds under the examiner’s vocal
encouragement, in external rotation then in internal rotation,
while the examiner counteracted motion by applying the
dynamometer on the dorsal and ventral ulnar styloid process,
respectively. After 2 familiarization submaximal trials, 2 maximal
trials, interspersed by a 30-second recovery, were performed for
each rotation and each side. The maximal isometric strengths
were averaged and used to compute the limb symmetry index
(LSD for ERs (LSI_ER) and IRs (LSI_IR) and the ER/IR muscle
strength ratios for dominant (ER/IR_D) and nondominant sides
(ER/IR_ND).

Y Balance Test for Upper Extremity

The Y balance test for upper extremity (YBT) was conducted as
described by Degot et al.” In summary, the participant adopted
a 1-hand push-up position on the YBT-kit platform
(Move2Perform) with feet shoulder-width apart. The participant
was instructed to drag the cursor of the YBT kit with his or her
free hand as far as possible, in medial, inferolateral, and
superolateral directions successively, while holding the knee,
pelvis, and shoulders aligned. After 1 familiarization submaximal
trial, 3 maximal trials were performed for each upper extremity
alternatively. For each side, the maximal distances in each
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direction were normalized by the C7-3rd finger distance of the
moving upper extremity and averaged to compute the LSI
between the dominant and nondominant sides (LSI_YBT).”

Unilateral Seated Shot Put Test

The unilateral seated shot put test (USSPT) was performed
according to the procedure described by Chmielewski et al.”
Briefly, the participant sat on the floor with knees flexed at 90°
and the back against a wall so that the throwing mid-back side
remained free. The participant was instructed to hold a 3-kg
medicine ball close to his or her throwing shoulder and then
push it as far as possible in front of him or her on a horizontal
path. After 2 familiarization submaximal trials, 3 maximal trials
were performed, interspersed by a 30-second recovery. The
distance between the wall and the first rebound of the medicine
ball on the floor was measured. For each side, the distances of
the 3 maximal trials were averaged, then the C7-3rd finger
distance was subtracted, and the results were normalized by
body mass with the exponent 0.35.” The LSI was computed by
dividing the performance of the dominant side by that of the
nondominant side (LSI_USSPT).

Modified Closed Kinetic Chain Upper Extremity

Stability Test
The modified version of the Closed Kinetic Chain Upper
Extremity Stability Test (CKCUEST) was performed as explained
by Degot et al."’ Briefly, the participant adopted a push-up
position on the floor, with feet shoulder-width apart and hands
placed on 2 pieces of standard athletic tape spaced by the mean
C7-3rd finger distances. Then, the participant moved his or her
hand to touch the floor at the outside of the supporting hand,
returned the moving hand to its initial position, and repeated
the motion with the other hand. The participant was instructed
to alternate these hand motions as quickly as possible. After a
15-second familiarization set, 3 maximal 15-second sets followed
by 45-second recovery periods were performed. After the third
set, a recovery of 15 seconds was observed, and a fourth
1-minute maximal set was performed. The number of touches
was counted by the examiner during the second and third sets
and the last 30 seconds of the fourth set. The score of the
modified CKCUEST (mCKCUEST) corresponded to the mean
touch numbers between the second and third sets."’ The
muscular endurance index (MED was computed by dividing half
of the touch number counted during the fourth set by the
mCKCUEST score."

S-STARTS Test Construction

The 8 outcome measures extracted from the SI-RSI
questionnaire and the 4 physical performance tests described
earlier were used as components of the S-STARTS score. The
raw values of the components were coded as 0, 1, 2, and 3
points, except for the ER/IR ratio of the injured side for the PG
and of the dominant side for the CG, which was coded as 0 or
-3 points (details of the coding procedure are presented in

Appendix 2, available online). The points obtained for each
component were summed to calculate the S-STARTS score for a
maximal score of 21 points.

Statistical Analysis

The mean £ standard deviation with minimum and maximum
values were computed for quantitative data. Qualitative data are
reported in numbers. Demographic, injury, and assessment
outcomes were compared between the PG and CG using y*
tests for qualitative data (effect size [ES]: small for w = 0.1,
medium for w = 0.3, and strong for w = 0.5) and ¢ tests for 2
independent samples (or Welch’s tests when homoscedasticity
was not met) for quantitative data. The statistical validation of
the S-STARTS score was based on COSMIN™ and GRAAS"
recommendations (see Appendix 3, available online). All the
statistical tests were performed using SPSS 11.0 software (SPSS,
Inc), with the level of significance fixed at P < 0.05.

RESULTS

No significant differences in demographic, anthropometric, or sport
characteristics were found between the PG and CG (Table 1).

The raw and coded values for the 8 components of the
S-STARTS score are presented in Table 2. While y tests revealed
significant differences between the groups in component coded
values for the SI-RSI (w = 0.69, strong effect; P < 0.001), LSI_ER
(w = 0.29, medium effect; P = 0.02), LSI_IR (w = 0.36, medium
effect; P = 0.003), ER/IR ratio (w = 0.21, low-to-medium effect;
P=0.02), LSI_YBT (w = 0.29, medium effect; P = 0.02), and
LSI_USSPT (w = 0.35, medium effect; P = 0.003), no significant
differences were found for the mCKCUEST (w = 0.12, small effect;
P =10.36) or MEI (w = 0.21, low-to-medium effect; P = 0.11).

Construct Validity

Correlation coefficients indicated weak-to-strong relationships
between components; significant moderate-to-strong
relationships were found between components in raw data and
the S-STARTS score as well as between components in coded
values and the S-STARTS score (Table 3).

Discriminant Validity

The mean score was significantly lower in the PG than in the
CG (135 £ 3.8 points vs 16.1 + 2.7 points, respectively; ES =
0.99, large effect; P < 0.001; Table 2).

Sensitivity to Change

The mean S-STARTS score was significantly higher for session 2
than for session 1 in the PGr (ES = 1.51, large effect; P < 0.001;
Table 2).

Internal Consistency

Cronbach’s a coefficient was 0.55, indicating that each
component of S-STARTS brought additional information in the
S-STARTS score.
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Table 2. Mean (+ standard deviation) raw values for each components, S-STARTS score, and coded values in numbers for patient
groups (PG and PGr for retest group) and control groups (CG and CGr for retest group)

Patients Controls
PGr CGr
Session 1 Session 2 Session 1 Session 2
SI-RSI Raw 66.5+18.1 67.5+13.8 77.0+14.0 98.0+4.0 97.0+£5.1 97.0+5.0
Coded 13/7/12/18 1/3/6/3 1/0/4/8 0/0/0/50™ 0/0/0/25 0/0/0/25
(0/1/2/3)
LSI_ER Raw 0.96+0.33 | 1.13+0.40 1.05+0.22 117+0.19 | 1.14+0.17 | 1.16+0.19
Coded 1/11/19/19 0/4/6/3 0/1/4/8 0/4/14/32° 0/1/8/16 0/1/8/16
(0/1/2/3)
LSI_IR Raw 0.98+0.35 | 1.04+0.39 1.03+0.16 094+0.19 | 095+0.19 | 0.96+0.19
Coded 1/28/10/11 0/10/2/1 0/3/2/8 0/12/22/16” 0/4/15/6 0/3/15/7
(0/172/3)
ER/IR Raw 111+0.19 | 1.09+0.33 1.05+0.20 115+0.25 | 1.13+0.24 | 1.14+0.23
Coded 13/37 6/7 4/9 23/27 10/15 14/11
(-3/0)
LSI_YBT Raw 0.97+0.09 | 1.00+0.06 0.99 +0.03 0.98+0.05 | 0.98+0.05 | 0.99+0.04
Coded 1/12/18/19 0/1/6/6 0/0/1/12 0/4/15/31" 01/7117 0/0/6/19
(0/1/2/3)
LSI_USSPT Raw 110+0.20 | 1.10+0.20 1.13+£0.10 1.08+0.10 | 1.09+0.10 | 1.09+0.11
Coded 1/9/14/26 0/4/4/5 0/1/3/9 0/1/8/41" 0/0/7/18 0/1/6/18
(0/1/2/3)
mCKCUEST Raw 22.2+2.7 224+22 249126 226+28 228+2.3 23.6+23
Coded 1/4/11/34 0/0/5/8 0/0/0/13 0/4/9/37 0/1/4/20 0/0/3/22
(0/1/2/3)
MEI Raw 0.74+£0.15 | 0.77+0.12 0.80 £ 0.07 0.69+0.20 | 0.74+0.13 | 0.76 +0.12
Coded 2/19/16/13 0/3/6/4 0/0/10/3 0/17/24/9 0/6/14/5 0/8/10/7
(0/1/2/3)
S-STARTS 13.5+3.8 129423 172+24M | 161+277 | 166+2.3 16.7+2.5

ER, external rotator strength; ER/IR, ratio between external and internal rotator strength; IR, internal rotator strength; LSI, limb symmetry index; mCKCUEST,
score for modified-Closed Kinetic Chain Upper Extremity Stability Test; MEI, muscular endurance index; SI-RSI, Shoulder Instability Return to Sport after
Injury; S-STARTS, Shoulder-SanTy Athletic Return To Sport score; USSPT, Unilateral Seated Shot Put Test; YBT, Y-Balance Test.

*P<0.05, *P< 0.01, **P< 0.001 for significant differences between PG and CG, and TP < 0.001 for significant difference between sessions 1 and 2 in
PGr.

Reliability

The reliability of the S-STARTS score was good with intraclass
coefficient of correlation (3,k) = 0.74; with a 95% CI, the
confidence level ranged between 0.50 and 0.88.

Agreement

Standard error of measurement (SEM), minimal detectable
change with a 95% CI (MDC__ ), and coefficient of variation
(CV) values were 1.3 points, 3.5 points, and 9.24%, respectively.
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Table 3. Coefficients of correlation between S-STARTS and its components in raw (r) and coded (p) values

SI-RSI LSI_ER LSLIR ER/IR LSI_YBT LSI_USSPT mCKCUEST  MEI
r

LSI_ER 0317

LSI_IR 0.18 0.56"

ER/IR -0.19 —0.06 048"

LSI_YBT -0.06 0.05 0.22 0.15

LSI_USSPT 0.08 0.26° 0.26° 0.13 -0.03

mCKCUEST 0.14 0.03 -0.08 -0.14 0.39" 0.13

MEI 0.05 0.03 0.02 -0.18 0.39” -0.21 0.14
S-STARTS 052" 0.53" 064" 0.23° 0417 0.317 0.37° 0.32"
p

S-STARTS 0.54" 0.59" 064" 045" 0.50" 0.38" 0417 037"

ER, external rotator strength; ER/IR, ratio between external and internal rotator strength; IR, internal rotator strength; LSI, limb symmetry index; mCKCUEST,
score for modified-Closed Kinetic Chain Upper Extremity Stability Test; MEI, muscular endurance index; SI-RSI, Shoulder Instability Return to Sport after
Injury; S-STARTS, Shoulder-SanTy Athletic Return To Sport score; USSPT, Unilateral Seated Shot Put Test; YBT, Y-Balance Test.

*P<0.05,**P<0.01, and ***P < 0.001.
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Figure 2. Bland-Altman plot for S-STARTS score.

CV indicates an acceptable variability. The Bland-Altman plot
(Figure 2) illustrates a bias at —0.16 points, indicating that the
S-STARTS score was slightly higher in session 2 than in session
1. Three individuals (12%) fell outside the limits of agreement
but remained in the range of the CI at 95% confidence level of
the limits of agreement ([-4.9; -2.4] for the lower limit of
agreement and [2.0; 4.6] for the upper limit).

Feasibility

No missing data were reported for the S-STARTS because it was
integrated into the coding process by the 0 value, indicating an
inability to perform the test. One patient (2%) obtained the

minimal score, and no patient attained the maximal score,
indicating neither floor nor ceiling effects.

DISCUSSION

The main finding of this study is that the S-STARTS score may
be used as an instrument to assess shoulder functional status
after shoulder stabilization surgery by the Latarjet procedure in
return-to-sport decision-making.

Glenohumeral dislocation occurrence causes interruptions in
an athlete’s career and marks the beginning of a variable-length
process to return to sport at the preinjury level.® Throughout
this process, the psychological dimension may play a critical
role; the emotional health of the patient influences the outcome
of orthopaedic surgery,” and the fear of reinjury, self-efficacy,
and motivation are key factors for the optimal return to sport.’
We, therefore, chose to include the SI-RSI questionnaire in our
battery of tests, as it assesses the psychological readiness of an
athlete to return to sport following a shoulder instability injury."
Additionally, physical performance tests, which are primarily
conducted to quantify side-to-side balance, were implemented
in the battery of tests because the uninjured shoulder is
commonly used as a reference during rehabilitation."”
Psychological and physical dimensions brought together
additional information on shoulder functional status, as attested
by the weak-to-moderate relationships between the 8
components and low internal consistency of the S-STARTS
score. Consequently, these findings confirm that a battery of
tests, including psychological and physical tests, in both closed
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and open chain skills, are required to assess shoulder functional
status after shoulder stabilization surgery.

A battery of tests is relevant in considering the shoulder
functional and psychological status for returning to sport” but
challenges the ability to interpret several data simultaneously.
Establishing a scoring tool based on the grading of the raw
results of each test may help obtain a score that reflects the
readiness to return to sport. Such a coding system demands
normative data and intervals around them to be defined.
Although our target values were extracted from the published
literature and intervals were based on our own MDC%% values
only, the S-STARTS score fulfilled the criteria for statistical
validation. Furthermore, our coding process considered patients
who may be reluctant to perform a physical performance test,
hence limiting the floor effect on the S-STARTS score.
Additionally, the chosen physical performance tests are
inexpensive, easy to perform, portable, and widely available
and can be performed in many different environments and
contexts.” Consequently, the S-STARTS score appears to be a
promising tool to assess early postoperative shoulder functional
status and monitor an athlete’s progression through the
return-to-sport continuun.

This study has significant limitations. The first limitation lies in
the following characteristics of the patient sample: the variability
in age, lack of exact information on postoperative rehabilitation,
confounding factors, and the small sample involved in the retest
PG to assess the sensitivity to change of the S-STARTS score. A
second limitation concerns the specificity of the shoulder
pathology, demanding that the S-STARTS score be statistically
validated in patients presenting other shoulder pathologies. A
third limitation concerns the limited physical performance tests
included in the battery. Indeed, other physical performance tests
are detailed in the literature.”*

CONCLUSION

The findings of this study indicate that the S-STARTS score is
statistically valid to assess shoulder functional status in patients
who have undergone stabilization surgery by the Latarjet
procedure. The battery of tests may be easily implemented in
clinical and sport settings to determine the S-STARTS score. By
reflecting shoulder functional status, the S-STARTS score may
help clinicians and strength and conditioning coaches to monitor
an athlete’s progression through the return-to-sport continuum.
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