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Henk-Jan van der Woude, M.D., Ph.D., Karin M. C. Hekman, M.Sc.,
H. E. J. (DirkJan) Veeger, Ph.D., and Michel P. J. van den Bekerom, M.D., Ph.D.
Abstract: Up to 60%ofpatients experience recurrence after afirst traumatic anterior shoulder dislocation (FTASD),which is
often defined as having experienced either dislocation or subluxation. Thus surgical intervention after FTASD is worthy of
consideration and is guided by the number of patients who need to receive surgical intervention to prevent 1 redislocation
(i.e., number needed to treat), (subjective) health benefit, complication risk, and costs. Operative intervention through
arthroscopic stabilization can be successful in reducing recurrence risk in FTASD, as has been shown inmultiple randomized
controlled trials. Nevertheless, there is a large “gray area” for the indication of arthroscopic stabilization, and it is therefore
heavily debatedwhich patients should receive operative treatment. Previous trials showedwidely varying redislocation rates
in both the intervention and control group, meta-analysis shows 2% to 19% after operative and 20% to 75% after
nonoperative treatment, and redislocation rates may not correlate with patient-reported outcomes. The literature is quite
heterogeneous, andamajor confounder is time to follow-up.Furthermore, there is insufficient standardizationof reportingof
outcomes and no consensus on definition of risk factors. As a result, surgery is a reasonable intervention for FTASD patients,
but in which patients it best prevents redislocation requires additional refinement.
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houlder, or glenohumeral, dislocations are painful, degree of instability is related to fear/anxiety and
Sand shoulder instability limits patients in perform-
ing activities of daily living, sports, and work.1,2 The
glenohumeral joint is the most frequently dislocated
joint, of which > 95% of dislocations are traumatic and
occur in the anterior direction.3 Joint stability is main-
tained by the structures that form the glenohumeral
joint (i.e., structural component) and muscle control
(i.e., functional component), and the experienced
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coping (i.e., mental component). When the structural
component is damaged, it becomes increasingly difficult
for the functional component to compensate, which
leads to a redislocation when compensation fails. Up to
60% of patients experience recurrence after a first
traumatic anterior shoulder dislocation (FTASD), which
is often defined as having experienced either a (com-
plete) redislocation or subluxation of the shoulder
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joint.4,5 Operative intervention through arthroscopic
stabilization can be successful in restoring the structural
component and therefore reduces recurrence risk, as
has been shown in multiple randomized controlled
trials (RCTs).6-9 Nevertheless, there is a large “gray
area” for the indication of arthroscopic stabilization,
and it is therefore heavily debated which patients
should receive operative treatment. A Delphi consensus
study among shoulder specialists in the United States
showed that out of 162 clinical scenarios that included
FTASD patients, only 8 (5%) reached a strong
consensus for recommendation of operative treat-
ment.10 Basically, there is an effective operative inter-
vention available, but it is unclear which patients
should receive it. Despite the gray area and debate,
there is a clear international increase of shoulder
instability surgery, demonstrating a 77% increase be-
tween 1997 and 2014 in Finland and an 18% increase
between 1994 and 2006 in the United States according
to their national databases.11-13 The justification of
surgical intervention is based on a clinical and ethical
discussion, which is guided by the number of patients
who need to receive surgical intervention to prevent
one redislocation (i.e., number needed to treat; gener-
ally acquired by performing RCTs), (subjective) health
benefit, complication risk and costs.14,15 Despite mul-
tiple RCTs patient selection criteria for FTASD therapy
remain undetermined.

Design of Current RCTs
RCTs are a suitable study design to get an unbiased

assessment of whether a specific treatment is more
effective than the alternative in a specific patient group.
A meta-analysis by Belk et al that included RCTs with
2-year follow-up demonstrated a (large) reduction in
redislocation rates when patients were allocated to
operative treatment compared to nonoperative treat-
ment.6 However, when looking at the redislocation rate
of the individual RCTs, they varied between 2% to 19%
in the operative and 20% to 75% in the nonoperative
treatment group.6 These varying proportions can
probably be explained by length of follow-up and in-
clusion criteria and possibly by postsurgical rehabilita-
tion, for which limited evidence is available. Length of
follow-up should correspond with the duration of
time that is needed for sufficient events to occur in both
groups to accurately assess the primary outcome. Two
prospective cohort studies followed up all FTASD pa-
tients who did not receive an operative intervention
and registered whether they experienced a redis-
location until 8 and 10 years after the first disloca-
tion.16,17 These studies demonstrated that 87% (general
population) and 75% (adolescent population) of all
redislocations occurred within 2 years.16,17 However, 2
prospective cohort studies that both followed up pa-
tients until 10 years after operative treatment after
FTASD demonstrated that only 40% (athlete popula-
tion) and 69% (general population) of all redislocations
occurred within 2 years.18,19 It can therefore be ques-
tioned whether redislocation rates were under-
estimated in the operative treatment group at 2-year
follow-up compared to nonoperative treatment,
because there is a larger amount of redislocations that
are still expected to occur. Fortunately, 2 RCTs
confirmed the effectiveness of the intervention at long-
term follow-up by reporting redislocation rates 10 years
after treatment, after which the outcome is less likely to
be biased by follow-up duration.7-9

The subject populations at study inRCTs canalso lead to
bias when the results of the study are extrapolated to a
group thatwasnot included in the trial or the resultswere
underpowered for a specific subgroup. RCTs demon-
strating relatively high redislocation rates in both inter-
vention and conservative treatment groups evaluated a
high-demand military population or a very young and
active patient group,which are considered to have a high
risk of failure after both operative (intervention) and
nonoperative (control) treatment, and these results
cannot be extrapolated to other patient groups.4,20-23

Risk factors can help us define inclusion criteria and
identify suitable candidates for RCTs by selecting patients
who bear a specific risk profile for redislocation, which
can bemanaged with the intervention of interest (Fig 1).
Unfortunately, selecting patients is more complex than
what is presented in Figure 1, because risk factors can
influence each other and the effect of risk factors is often
reduced andnot absent after the intervention. This is also
the rationale for randomization in trials, as randomiza-
tion balances the effect of (unknown) risk factors in both
groups. Furthermore, the effect of risk factors can dras-
tically change based on patient behavior, for example,
when patients quit or change sports.
When we aim to maintain the high reduction in

redislocation rate in the intervention group, but also
want to realize a low redislocation rate and prevent
overtreatment, risk factors can assist in forming inclu-
sion and exclusion criteria. For example, arthroscopic
stabilization can be effective in young individuals, but
less effective in specific young individuals, such as those
participating in collision sports.24 It is important to
understand the effect of risk factors in specific patient
groups and following specific treatment options to form
strict inclusion criteria. The current evidence on risk
factors is inconsistent after operative and nonoperative
treatment and incomplete for nonoperative treatment
FTASD patients, which hampers defining the inclusion
criteria for new RCTs or nonrandomized comparative
studies based on known risk factors.9,20,21,23,25-29 Risk
factors can be identified through RCT data; however, a
large sample size is often needed to obtain sufficient
power. Steyerberg30 introduced the rule of thumb that
at least 10 events need to occur per risk factor, which



Fig 1. A redislocation or undesired event can be prevented when a patient bears specific risk factors (indicated by the arrows)
that can be managed with an intervention (indicated by the blue bar). This can hypothetically lead to the following patient
groups: patient A that bears no risk factors for redislocation where no treatment suffices, patient B that bears risk factors for
redislocation that can be managed by performing the (operative) intervention, and patient C that bears risk factors that cannot be
managed with the intervention, where an alternate (operative) intervention is needed. Inclusion criteria should focus on patient
B as a suitable candidate for a randomized controlled trial to the determine the effectiveness of the (operative) intervention,
because it is most likely effective in preventing redislocation.
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generally leads to a large required sample size. This can
be challenging to realize through RCT data and can be
more easily acquired by performing cohort studies or
combining data from previous studies.

Combining RCTs With Cohort Studies
When looking at studies that identified risk factors

after operative, nonoperative, or no treatment, many
inconsistencies and large heterogeneities (I2 > 50%)
were observed in meta-analyses that pool risk factor
data.23,29,31 Important explanations for this heteroge-
neity include retrospective study designs that are prone
to bias, dichotomization of continuous variables, dif-
ferences in definition of redislocation or the factors that
are used to predict redislocation and selection bias. In
addition, underpowered analyses and pooling averages
instead of using individual patient data can lead to
inaccurate results.5,30 Risk factors are not just associated
with redislocation and can also influence each other.
Barrow et al.32 provided an excellent example of why
this is important to consider in their study that assessed
the association of the distance to dislocation (DTD)
concept with redislocation. The DTD concept is an
extension of the dichotomous on-track/off-track
concept, which estimates whether the humeral head
and glenoid can maintain contact based on the size and
location of the Hill-Sachs lesion and available
glenoid surface (on-track).33,34 The DTD concept is a
continuous variation that calculates how close a
Hill-Sachs lesion is to being off-track and is defined as
“the distance between the medial edge of the Hill-Sachs
lesion and the anterior edge of the glenoid track.”35

Yamamoto et al.36 showed that a smaller distance led
to worse Western Ontario Shoulder Instability Index
(WOSI) scores, but found no association with redis-
location, whereas Li et al.35 showed that a smaller dis-
tance was associated with redislocation following an
arthroscopic Bankart repair.37 Barrow et al.32 were able
to divide their cohort in collision and non-collision
athletes and showed e despite an overall association
between DTD and redislocation - that a smaller DTD did
not lead to a higher redislocation rate (13% at 22mm to
16% at 0mm) in collision athletes, whereas the redis-
location rate steadily increased with a smaller DTD (0%
at 22 mm to 15% at 0 mm) in noncollision athletes
(Table 1). A similar observation was done by Verweij
et al., who showed that DTD was not predictive for
redislocation in a military population, both supporting
the hypothesis that the risk factor DTD shows a
different effect in different patient groups, in this case
possibly patients with “mid-range instability.”38 The
included patients might therefore explain the different
findings of Yamamoto et al.36 and Li et al.35 and show
that when designing an RCT in which the glenoid track
concept is used to include/exclude or stratify patients, it
is important to take this patient group into account.



Table 1. Redislocation Rates*

DTD
Threshold
(mm)

Collision
Athletes

Noncollision
Athletes P Value

0 10/61 (16.4%) 19/127 (15%) .48
2 10/61 (16.4%) 18/126 (14.3%) .43
4 10/61 (16.4%) 17/125 (13.6%) .38
6 9/60 (15%) 16/122 (13.1%) .45
8 7/57 (12.3%) 14/119 (11.8%) .55
10 7/55 (12.7%) 7/102 (6.9%) .17
12 7/50 (14%) 5/91 (5.5%) .08
14 6/41 (14.6%) 1/74 (1.4%) .01
16 5/34 (14.7%) 1/61 (1.6%) .02
18 4/29 (13.8%) 0/51 (0%) .02
20 3/23 (13%) 0/42 (0%) .02
22 2/15 (13.3%) 0/17 (0%) .04

DTD, distance to dislocation.
Data are presented as events observed in the cumulative total

sample per 2 mm intervals of the DTD threshold and includes the
corresponding percentage. The P values in bold indicate a statistically
significant difference as found by the authors.
*As reported by Barrow et al. in collision and noncollision athletes

according to DTD thresholds, where a smaller value indicates that the
Hill-Sachs lesions is closer to be being off-track (32).
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Exploring the effect of risk factors requires individual
patient data and studies evaluating the same factors
under the same conditions, which is currently incon-
sistent.39 The benefit of cohort studies is clear, but
acquiring a large sample size can be challenging and is
often only reached by combining multicenter data that
collected data for the same risk factors.30 How should
we design and facilitate cohort studies, improve the
quality, and know where to look?
Outcomes: Defining “Subjective”
Treatment Success

Treatment success is not only defined by redislocation
but also includes the experience and goal of the patient.
There has been a paradigm shift toward using more
patient-reported outcome measures (PROM) in ortho-
paedic research, which led to many PROM tools for
which a consensus has yet to be reached.40 RCTs have
demonstrated conflicting results, often showing a
decrease in redislocation rates and no difference in
PROM at final follow-up that measure overall clinical
improvement, such as the WOSI.6,7 When designing
RCTs and cohort studies, it is important to consider why
outcomes are chosen, whether they measure what is
aimed to be measured and whether they align with
what the patient aims to achieve when undergoing a
specific treatment.

Timing, Reporting Averages, and Choosing
Outcomes
RCTs often report the average outcome for a PROM at

specific time points along with redislocation rates.
However, when looking at the WOSI or American
Shoulder and Elbow Score reported in RCTs that
compared treatment options for shoulder instability, it
can be observed that the average maximum improve-
ment of the cohort is generally already reached at 6
months after any treatment.26,27,41-46 The same is
observed for return to sport, with return-to-sport
criteria generally aiming at a return at around 6
months.47 A follow-up of 2 years or longer is probably
not necessary to measure these outcomes for the
average patient.26,27,41-46 However, monitoring patients
at individual level could be useful to identify outliers
because of redislocation, complications, or delayed re-
covery. The reported standard deviations are generally
high, indicating that there is a considerable number of
patients that follow a clinical improvement pattern that
deviates from the average pattern. Besides from timing,
it is important to determine what PROM should be
measured to obtain the desired information and how it
should be interpreted. The WOSI score is a validated
and widely accepted instability-specific PROM tool
butdas with most PROM toolsdbroadly assesses
patient-centered therapeutic response after treat-
ment.36,48 Warth et al.49 showed that the most impor-
tant expectation of patients before shoulder surgery and
reason for seeking treatment is for the “shoulder to be
back to the way it was before the problem started.”
Simply asking this question through the single assess-
ment numeric evaluation has shown to be reliable,
valid, and responsive in patients with shoulder pa-
thologies and correlated with the Rowe score.50,51 Do
we need 21 questions to evaluate whether the shoulder
is “back the way it was,” or is 1 question sufficient, and
can we use the other questions to get a more detailed
overview of other aspects, such as return to sport or
level of function? This does not necessarily mean that
the WOSI is redundant, but with 28 available PROM
tools in shoulder instability research, it is necessary to
reach a consensus on why, what, when, and how out-
comes should be measured and interpreted to answer
our research questions and to be able to pool and
compare results.40 This can also include current PROM
tools or an adaption of these tools. Finally, as previously
mentioned in the guideline for reporting clinical sig-
nificance by Harris et al.,52 determining clinical
importance of the studied population and reporting the
number of patients meeting minimal clinical important
difference, patient-acceptable symptomatic state, sub-
stantial clinical benefit, and maximal outcome
improvement can assist in the interpretation of PROM.

Relationship Between Redislocation and PROM
Patients can have a bad mindset or experience a

lifestyle change when filling in a questionnaire. There
has been more attention for the relationship between
redislocation and PROM and factors that influence
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treatment success that are not necessarily related to the
effectiveness of the treatment. For example, (1) factors
that predict whether patients are dissatisfied or expe-
rience redislocation do not align, (2) psychological
readiness to return to sport is associated with a suc-
cessful return, (3) lifestyle changes can influence a
successful return to (the same level of) sport and (4)
kinesiophobia is associated with a lower risk of redis-
location.53-56 The latter is an example of a paradoxical
phenomenon in which patients are protected from
experiencing a redislocation by an unfavorable aspect
that we intent to treat, as it is associated with worse
subjective outcomes.2,57,58 Kinesiophobia can possibly
be treated with physical therapy, for which little evi-
dence is available about the approach or effectiveness in
instability patients, but this treatment may reduce the
protective effect. Appropriate timing of measurement
and looking at individual patient data will be important
to further explore this growing field of interest.
Furthermore, it could contribute to patient selection for
comparative studies and how treatment success is
defined in the future.
Defining and Selecting Risk Factors and
Outcomes

Considering the incidence of FTASD, we will need to
rely on combining (inter)national multicenter data to
obtain sufficient power in cohort studies.30,59,60 To
provide high-quality data and facilitate data sharing,
professionals in biostatistics urge us to (1) measure the
same risk factors and outcomes under the same defi-
nitions and (2) use parameters that can be measured
with high precision.30 Trasolini et al.29 showed that in
current risk factors studies there are many in-
consistencies in outcomesdwhich is partly caused by
different definitionsdand different risk factors are
evaluated. This hampers pooling data and obtaining
sufficient power to evaluate the risk factors. There is no
consensus on definitions for many risk factors and
outcomes. Examples include (1) there being numerous
glenoid bone loss measurement methods available,
which have proven to lead to substantial differences in
bone loss percentage; (2) a high variety in prevalence
and definitions of pathological lesions associated with
shoulder dislocations; and (3) simplified versions of
complex outcomes such as return to (preinjury level of)
sport, which can be influenced by (1) not all patients
wishing to return, (2) patients changing sports, (3)
patients being satisfied with returning to a different
level, and (4) patients being unable to return for a
reason that is not related to treatment or shoulder pa-
thology.61-63 These examples illustrate the need for a
consensus when we aim to combine (inter)national
data and prevent bias caused by differences in
measurement and interpretation. Because unified
international definitions can be difficult to realize, it is
important for authors to report what was measured and
how parameters and outcomes were defined.

Challenges and Opportunities in Cohort
Studies

The challenges of (prospective) cohort studies to
identify risk factors are clear: it can be costly and a large
sample size is needed that involves multidisciplinary
(inter)national multicenter collaboration. However, we
believe the following opportunities outweigh these
challenges and can assist in defining which patients
benefit from (early) surgical intervention after FTASD:
(1) the quality of existing cohort studies after both
operative and nonoperative treatment can be improved
by combining existing datadfor example from the
RCTs and prospective cohort studies that collected data
for the same risk factorsdand re-evaluating parameters
under the same definitions; (2) there is a targetable
imbalance between risk factors that have been identi-
fied after nonoperative or no treatment and operative
treatment in favor of operative treatment, which could
be explained by more easily accessible data, a preop-
erative magnetic resonance imaging (MRI) or
computed tomography (CT) scan, easier patient iden-
tification, and easier management with an all-
orthopaedic research team in cohort studies.22,23,31

Opportunities for Cohort Studies
As mentioned before, factors that are associated with

failure after both nonoperative and operative treatment
can be used to identify which patients are most likely to
benefit from (early) surgical intervention. When
defining the domains for risk factors, they can roughly
be divided in demographic, pathological (or damage
that is the result of the dislocation), and patient-specific
factors, which also includes factors that make the pa-
tient biomechanically more vulnerable to experience a
dislocation. Besides from the study by Salomonsson
et al.64 and Dyrna et al.,65 who had a sample size of 51
and 54 patients, cohort studies with nonoperative
FTASD patients only evaluated demographic data
(mainly age), and data that can be acquired from a
radiograph in a relatively small sample
size.4,16,17,22,54,66-76 An MRI or CT scan is often not
performed after FTASD at the emergency department,
but it can provide us with some essential information in
a homogenous patient group: (1) to what extent
pathological factors, such as bone loss, are associated
with redislocation, (2) whether performing an MRI or
CT is beneficial after FTASD to select patients for (early)
surgical intervention, and (3) evidence for which fac-
tors that make a patient biomechanically potentially
more vulnerable are associated with redislocation. This
can only be acquired through prospective design,
because the MRI/CT is not part of standard care when
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FTASD patients are admitted to the emergency
department. When the imbalance in data collection is
addressed and the effect of the risk factors is clarified,
they can provide crucial information for which patients
should be included in future RCTs or which aspects are
important to focus on in nonrandomized comparative
studies.

Potential Risk Factors Based on Biomechanics
Understanding biomechanical vulnerability caused by

morphologic differences between individuals may
clarify why some patients experience a redislocation
and allow more targeted surgical treatment.77 Several
studies contributed to the rationale that differences in
glenoid morphology are associated with redislocation
risk: (1) studies comparing glenoid morphology be-
tween patients who experienced a dislocation to
healthy individuals found that the glenoid was more
flat and anteverted in the dislocation group; (2) cohort
studies following patients after surgical treatment
demonstrated an association between glenoid version
and inclination and redislocation and (3) a cadaver
study by Eichinger et al.78 showed that both ante-
version and retroversion angles can lead to highly un-
stable shoulders.79-83 Furthermore, there are conflicting
results regarding altered scapular kinematics or hyper-
laxity and the association with redislocation.23,84,85

Finally, considering that glenoid bone loss is strongly
associated with redislocation following operative treat-
ment, it is likely that relatively narrow glenoidsdor
glenoids with a more oval shape, with relatively less
width compared to the heightdhave a higher risk of
redislocation.23,34,86 To what extent these factors are
associated with redislocation after both operative and
nonoperative treatment is unclear. It would be clinically
and scientifically valuable to perform CT/MRI in pa-
tients after FTASD that will not receive surgical treat-
ment to determine the effect of these factors in a
homogenous patient group that is not influenced by
alterations that are the result of surgical treatment.

Conclusions
In summary, there is an effective operative inter-

vention available for FTASD patients, but is it unclear in
which patients it leads to both a reduction in redis-
location rates and a low risk of redislocation. Cohort
studies will need to identify risk factors and to what
extent they are associated with redislocation or other
undesired outcomes in both the intervention and con-
trol group to define inclusion criteria for RCTs. How-
ever, the following shortcomings need to be addressed
to facilitate high-quality shoulder instability research:
(1) there is insufficient awareness for standardization,
timing, and reporting of both redislocation and PROM;
(2) there are many inconsistencies in selection and
definitions of risk factor and outcome parameters; and
(3) the quality of cohort studies overall is low, incon-
sistent after operative and nonoperative treatment, and
incomplete for nonoperative FTASD patients. There are
currently 2 trials registered in the database www.
clinicaltrials.gov that compare operative to nonopera-
tive treatment after FTASD that have a follow-up of 1
year and 2 years, with the latter assessing WOSI and
return to sport at 2 years and no prospective FTASD
cohort studies, highlighting the importance of aware-
ness for these shortcomings.87 Using homogenous
outcomes, risk factors, and definitions will allow for
data comparison and data sharing to increase the
sample size and facilitate comparability. Because this is
difficult to realize on an international scale, it is
important for authors to report what and how parame-
ters and outcomes were measured. Finally, it is
important that a consensus is reached with regard to
how treatment success and outcomes are defined. The
Core Outcome Measures in Effectiveness Trials initia-
tive raises awareness for current problems with out-
comes in scientific research and encourages
development and uptake of core outcome sets, in which
they promote patient and public involvement.88,89 A
core outcome set is a set of agreed standardized out-
comes that should be measured and reported in clinical
trials and includes what should be measured and re-
ported and how this should be measured. We believe
that when these points are addressed in future study
designs, it may help us to determine which patients
benefit from (early) surgical intervention after FTASD.

Acknowledgments
The authors thank T. H. Staal for designing the image

presented in the article.

References
1. Verweij LP, Baden DN, van der Zande JM, van den

Bekerom MP. Assessment and management of shoulder
dislocation. BMJ 2020;371:m4485.

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

3. Zacchilli MA, Owens BD. Epidemiology of shoulder dis-
locations presenting to emergency departments in the
United States. J Bone Joint Surg Am 2010;92:542-549.

4. Hovelius L, Olofsson A, Sandstrom B, et al. Nonoperative
treatment of primary anterior shoulder dislocation in
patients forty years of age and younger. A prospective
twenty-five-year follow-up. J Bone Joint Surg Am 2008;90:
945-952.

5. Alkaduhimi H, Connelly JW, van Deurzen DFP,
Eygendaal D, van den Bekerom MPJ. High variability of
the definition of recurrent glenohumeral instability: An
analysis of the current literature by a systematic review.
Arthrosc Sports Med Rehabil 2021;3:e951-e966.

http://www.clinicaltrials.gov
http://www.clinicaltrials.gov
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref1
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref1
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref1
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref2
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref2
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref2
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref2
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref3
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref3
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref3
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref4
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref4
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref4
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref4
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref4
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref5
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref5
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref5
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref5
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref5


HOW TO ADVANCE SHOULDER DISLOCATION RESEARCH? 2583
6. Belk JW, Wharton BR, Houck DA, et al. Shoulder stabi-
lization versus immobilization for first-time anterior
shoulder dislocation: A systematic review and meta-
analysis of Level 1 randomized controlled trials. Am J
Sports Med 2023;51:1634-1643.

7. van Spanning SH, Verweij LPE, Priester-Vink S, van
Deurzen DFP, van den Bekerom MPJ. Operative versus
nonoperative treatment following first-time anterior
shoulder dislocation: A systematic review and meta-
analysis. JBJS Rev 2021;9.

8. Yapp LZ, Nicholson JA, Robinson CM. Primary arthroscopic
stabilization for a first-time anterior dislocation of the
shoulder: Long-term follow-up of a randomized, double-
blinded trial. J Bone Joint Surg Am 2020;102:460-467.

9. Jakobsen BW, Johannsen HV, Suder P, Sojbjerg JO. Pri-
mary repair versus conservative treatment of first-time
traumatic anterior dislocation of the shoulder: A ran-
domized study with 10-year follow-up. Arthroscopy
2007;23:118-123.

10. Tokish JM, Kuhn JE, Ayers GD, et al. Decision making in
treatment after a first-time anterior glenohumeral dislo-
cation: A Delphi approach by the Neer Circle of the
American Shoulder and Elbow Surgeons. J Shoulder Elbow
Surg 2020;29:2429-2445.

11. Frank RM, Chalmers PN, Moric M, Leroux T,
Provencher MT, Romeo AA. Incidence and changing
trends of shoulder stabilization in the United States.
Arthroscopy 2018;34:784-792.

12. Joukainen A, Mattila VM, Lepola V, Lehtinen J,
Kukkonen J, Paloneva J. Trends of shoulder instability
surgery in Finland: A nationwide register study. BMJ Open
2020;10:e040510.

13. Longo UG, Candela V, Berton A, et al. Epidemiology of
shoulder instability in Italy: A 14-years nationwide reg-
istry study. Injury 2021;52:862-868.

14. Crall TS, Bishop JA, Guttman D, Kocher M, Bozic K,
Lubowitz JH. Cost-effectiveness analysis of primary
arthroscopic stabilization versus nonoperative treatment
for first-time anterior glenohumeral dislocations. Arthros-
copy 2012;28:1755-1765.

15. Laupacis A, Sackett DL, Roberts RS. An assessment of
clinically useful measures of the consequences of treat-
ment. N Engl J Med 1988;318:1728-1733.

16. Robinson CM, Howes J, Murdoch H, Will E, Graham C.
Functional outcome and risk of recurrent instability after
primary traumatic anterior shoulder dislocation in young
patients. J Bone Joint Surg Am 2006;88:2326-2336.

17. Roberts SB, Beattie N, McNiven ND, Robinson CM. The
natural history of primary anterior dislocation of the
glenohumeral joint in adolescence. Bone Joint J 2015;97-
B:520-526.

18. Ahmed I, Ashton F, Robinson CM. Arthroscopic Bankart
repair and capsular shift for recurrent anterior shoulder
instability: Functional outcomes and identification of risk
factors for recurrence. J Bone Joint Surg Am 2012;94:
1308-1315.

19. Rossi LA, Pasqualini I, Huespe I, et al. A 2-year follow-up
may not be enough to accurately evaluate recurrences
after arthroscopic Bankart repair: A long-term assessment
of 272 patients with a mean follow-up of 10.5 years. Am J
Sports Med 2023;51:316-322.
20. Bottoni CR, Wilckens JH, DeBerardino TM, et al.
A prospective, randomized evaluation of arthroscopic
stabilization versus nonoperative treatment in patients
with acute, traumatic, first-time shoulder dislocations. Am
J Sports Med 2002;30:576-580.

21. Pouges C, Hardy A, Vervoort T, et al. Arthroscopic
Bankart repair versus immobilization for first episode of
anterior shoulder dislocation before the age of 25: A
randomized controlled trial. Am J Sports Med 2021;49:
1166-1174.

22. Leland DP, Bernard CD, Keyt LK, et al. An age-based
approach to anterior shoulder instability in patients un-
der 40 years old: Analysis of a US population. Am J Sports
Med 2020;48:56-62.

23. Verweij LPE, van Spanning SH, Grillo A, et al. Age,
participation in competitive sports, bony lesions, ALPSA
lesions, >1 preoperative dislocations, surgical delay and
ISIS score >3 are risk factors for recurrence following
arthroscopic Bankart repair: A systematic review and
meta-analysis of 4584 shoulders. Knee Surg Sports Trau-
matol Arthrosc 2021;29:4004-4014.

24. Alkaduhimi H, van der Linde JA, Willigenburg NW,
Paulino Pereira NR, van Deurzen DF, van den
Bekerom MP. Redislocation risk after an arthroscopic
Bankart procedure in collision athletes: A systematic re-
view. J Shoulder Elbow Surg 2016;25:1549-1558.

25. Kirkley A, Werstine R, Ratjek A, Griffin S. Prospective
randomized clinical trial comparing the effectiveness of
immediate arthroscopic stabilization versus immobiliza-
tion and rehabilitation in first traumatic anterior disloca-
tions of the shoulder: Long-term evaluation. Arthroscopy
2005;21:55-63.

26. Minkus M, Konigshausen M, Pauly S, et al. Immobiliza-
tion in external rotation and abduction versus arthro-
scopic stabilization after first-time anterior shoulder
dislocation: A multicenter randomized controlled trial. Am
J Sports Med 2021;49:857-865.

27. Robinson CM, Jenkins PJ, White TO, Ker A, Will E. Pri-
mary arthroscopic stabilization for a first-time anterior
dislocation of the shoulder. A randomized, double-blind
trial. J Bone Joint Surg Am 2008;90:708-721.

28. Kirkley A, Griffin S, Richards C, Miniaci A, Mohtadi N.
Prospective randomized clinical trial comparing the
effectiveness of immediate arthroscopic stabilization
versus immobilization and rehabilitation in first traumatic
anterior dislocations of the shoulder. Arthroscopy 1999;15:
507-514.

29. Trasolini NA, Dandu N, Azua EN, Garrigues GE,
Verma NN, Yanke AB. Inconsistencies in controlling for
risk factors for recurrent shoulder instability after primary
arthroscopic Bankart repair: A systematic review. Am J
Sport Med 2022;50:3705-3713.

30. Steyerberg EW. Clinical Prediction Models. Cham: Springer,
2019.

31. Olds M, Ellis R, Donaldson K, Parmar P, Kersten P. Risk
factors which predispose first-time traumatic anterior
shoulder dislocations to recurrent instability in adults: A
systematic review and meta-analysis. Br J Sport Med
2015;49:913-922.

32. Barrow AE, Charles SJ, Issa M, et al. Distance to disloca-
tion and recurrent shoulder dislocation after arthroscopic

http://refhub.elsevier.com/S0749-8063(23)00667-9/sref6
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref6
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref6
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref6
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref6
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref7
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref7
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref7
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref7
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref7
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref8
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref8
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref8
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref8
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref9
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref9
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref9
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref9
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref9
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref10
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref10
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref10
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref10
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref10
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref11
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref11
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref11
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref11
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref12
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref12
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref12
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref12
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref13
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref13
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref13
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref14
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref14
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref14
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref14
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref14
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref15
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref15
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref15
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref16
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref16
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref16
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref16
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref17
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref17
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref17
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref17
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref18
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref18
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref18
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref18
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref18
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref19
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref19
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref19
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref19
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref19
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref20
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref20
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref20
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref20
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref20
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref21
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref21
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref21
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref21
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref21
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref22
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref22
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref22
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref22
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref23
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref23
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref23
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref23
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref23
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref23
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref23
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref23
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref23
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref24
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref24
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref24
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref24
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref24
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref25
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref25
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref25
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref25
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref25
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref25
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref26
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref26
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref26
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref26
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref26
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref27
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref27
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref27
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref27
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref28
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref28
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref28
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref28
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref28
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref28
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref29
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref29
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref29
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref29
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref29
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref30
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref30
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref31
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref31
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref31
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref31
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref31
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref32
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref32


2584 L. P. E. VERWEIJ ET AL.
Bankart repair: Rethinking the glenoid track concept. Am
J Sports Med 2022;50:3875-3880.

33. Yamamoto N, Itoi E, Abe H, et al. Contact between the
glenoid and the humeral head in abduction, external
rotation, and horizontal extension: A new concept of
glenoid track. J Shoulder Elbow Surg 2007;16:649-656.

34. Di Giacomo G, Itoi E, Burkhart SS. Evolving concept of
bipolar bone loss and the Hill-Sachs lesion: from
"engaging/non-engaging" lesion to "on-track/off-track"
lesion. Arthroscopy 2014;30:90-98.

35. Li RT, Kane G, Drummond M, et al. On-track lesions with
a small distance to dislocation are associated with failure
after arthroscopic anterior shoulder stabilization. J Bone
Joint Surg Am 2021;103:961-967.

36. Yamamoto N, ShinagawaK, Hatta T, Itoi E. Peripheral-track
and central-track Hill-Sachs lesions: A new concept of
assessing an on-track lesion.Am J Sports Med 2020;48:33-38.

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

38. Verweij LPE, van Iersel TP, van Deurzen DFP, van den
Bekerom MPJ, Floor S. "Nearly off-track lesions" or a
short distance from the medial edge of the Hill-Sachs
lesion to the medial edge of the glenoid track does not
seem to be accurate in predicting recurrence after an
arthroscopic Bankart repair in a military population: A
case-control study. J Shoulder Elbow Surg 2023;32:
e145-e152.

39. Riley RD, Ensor J, Snell KIE, et al. Calculating the sample
size required for developing a clinical prediction model.
BMJ 2020;368:m441.

40. Whittle JH, Peters SE, Manzanero S, Duke PF.
A systematic review of patient-reported outcome mea-
sures used in shoulder instability research. J Shoulder
Elbow Surg 2020;29:381-391.

41. Mohtadi NGH, Chan DS, Hollinshead RM, et al.
A randomized clinical trial comparing open and arthro-
scopic stabilization for recurrent traumatic anterior
shoulder instability two-year follow-up with disease-
specific quality-of-life outcomes. J Bone Joint Surg Am
2014;96a:353-360.

42. Kukkonen J, Elamo S, Flinkkila T, et al. Arthroscopic
Bankart versus open Latarjet as a primary operative
treatment for traumatic anteroinferior instability in young
males: A randomised controlled trial with 2-year follow-
up. Br J Sport Med 2022;56:327-332.

43. Moroder P, Schulz E, Wierer G, et al. Neer Award 2019:
Latarjet procedure vs. iliac crest bone graft transfer for
treatment of anterior shoulder instability with glenoid
bone loss: A prospective randomized trial. J Shoulder Elbow
Surg 2019;28:1298-1307.

44. McRae S, Leiter J, Subramanian K, Litchfield R,
MacDonald P. Randomized controlled trial of arthroscopic
electrothermal capsulorrhaphy with Bankart repair and
isolated arthroscopic Bankart repair. Knee Surg Sports
Traumatol Arthrosc 2016;24:414-421.

45. MacDonald P, McRae S, Old J, et al. Arthroscopic Bankart
repair with and without arthroscopic infraspinatus
remplissage in anterior shoulder instability with a
Hill-Sachs defect: A randomized controlled trial. J Shoulder
Elbow Surg 2021;30:1288-1298.

46. Lobo FL, Conforto Gracitelli ME, Malavolta EA, et al. No
clinical or radiographic difference seen in arthroscopic
Bankart repair with knotted versus knotless suture an-
chors: A randomized controlled trial at short-term follow-
up. Arthroscopy 2022;38:1812-1823.

47. Griffith R, Fretes N, Bolia IK, et al. Return-to-sport criteria
after upper extremity surgery in athletesdA scoping
review, Part 1: Rotator cuff and shoulder stabilization
procedures. Orthop J Sports Med 2021;9:
23259671211021827.

48. Bernstein DN, Nwachukwu BU, Bozic KJ. Value-based
health care: moving beyond "minimum clinically impor-
tant difference" to a tiered system of evaluating successful
clinical outcomes. Clin Orthop Relat Res 2019;477:945-947.

49. Warth RJ, Briggs KK, Dornan GJ, Horan MP, Millett PJ.
Patient expectations before arthroscopic shoulder surgery:
correlation with patients’ reasons for seeking treatment.
J Shoulder Elbow Surg 2013;22:1676-1681.

50. Nazari G, MacDermid JC, Bobos P, Furtado R. Psycho-
metric properties of the Single Assessment Numeric
Evaluation (SANE) in patients with shoulder conditions.
A systematic review. Physiotherapy 2020;109:33-42.

51. Ladermann A, Denard PJ, Collin P, Ibrahim M,
Bothorel H, Chiu JCH. Single Assessment Numeric Eval-
uation for instability as an alternative to the Rowe score.
J Shoulder Elbow Surg 2021;30:1167-1173.

52. Harris JD, Brand JC, Cote M, Waterman B, Dhawan A.
Guidelines for proper reporting of clinical significance,
including minimal clinically important difference, patient
acceptable symptomatic state, substantial clinical benefit,
and maximal outcome improvement. Arthroscopy 2023;39:
145-150.

53. Rossi LA, Pasqualini I, Brandariz R, et al. Relationship of
the SIRSI score to return to sports after surgical stabili-
zation of glenohumeral instability. Am J Sports Med
2022;50:3318-3325.

54. Olds MK, Ellis R, Parmar P, Kersten P. Who will redis-
locate his/her shoulder? Predicting recurrent instability
following a first traumatic anterior shoulder dislocation.
BMJ Open Sport Exerc Med 2019;5:e000447.

55. van Iersel TP, van Spanning SH, Verweij LPE, Priester-
Vink S, van Deurzen DFP, van den Bekerom MPJ. Why
do patients with anterior shoulder instability not return to
sport after surgery? A systematic review of 63 studies
comprising 3545 patients. JSES Int 2023;7:376-384.

56. Park I, Kang JS, Jo YG, Shin SJ. Factors related to patient
dissatisfaction versus objective failure after arthroscopic
shoulder stabilization for instability. J Bone Joint Surg Am
2019;101:1070-1076.

57. Suer M, Philips N, Kliethermes S, Scerpella T, Sehgal N.
Baseline kinesiophobia and pain catastrophizing scores
predict prolonged postoperative shoulder pain. Pain
Physician 2022;25:E285-E292.

58. Brindisino F, Garzonio F, DIG G, Pellegrino R, Olds M,
Ristori D. Depression, fear of re-injury and kinesiophobia
resulted in worse pain, quality of life, function and level of
return to sport in patients with shoulder instability: A
systematic review. J Sports Med Phys Fitness 2023;63:
598-607.

http://refhub.elsevier.com/S0749-8063(23)00667-9/sref32
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref32
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref33
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref33
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref33
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref33
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref34
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref34
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref34
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref34
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref35
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref35
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref35
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref35
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref36
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref36
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref36
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref37
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref37
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref37
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref37
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref37
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref38
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref38
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref38
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref38
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref38
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref38
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref38
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref38
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref39
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref39
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref39
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref40
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref40
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref40
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref40
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref41
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref41
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref41
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref41
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref41
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref41
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref42
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref42
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref42
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref42
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref42
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref43
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref43
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref43
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref43
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref43
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref44
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref44
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref44
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref44
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref44
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref45
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref45
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref45
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref45
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref45
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref46
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref46
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref46
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref46
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref46
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref47
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref47
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref47
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref47
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref47
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref47
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref48
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref48
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref48
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref48
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref49
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref49
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref49
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref49
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref50
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref50
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref50
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref50
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref51
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref51
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref51
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref51
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref52
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref52
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref52
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref52
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref52
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref52
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref53
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref53
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref53
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref53
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref54
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref54
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref54
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref54
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref55
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref55
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref55
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref55
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref55
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref56
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref56
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref56
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref56
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref57
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref57
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref57
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref57
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref58
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref58
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref58
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref58
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref58
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref58


HOW TO ADVANCE SHOULDER DISLOCATION RESEARCH? 2585
59. Shah A, Judge A, Delmestri A, et al. Incidence of shoulder
dislocations in the UK, 1995-2015: A population-based
cohort study. BMJ Open 2017;7:e016112.

60. Leroux T, Wasserstein D, Veillette C, Khoshbin A,
Henry P, Chahal J, et al. Epidemiology of primary
anterior shoulder dislocation requiring closed reduction
in Ontario, Canada. Am J Sports Med 2014;42:442-450.

61. Verweij LPE, Schuit AA, Kerkhoffs G, Blankevoort L,
van den Bekerom MPJ, van Deurzen DFP. Accuracy of
currently available methods in quantifying anterior
glenoid bone loss: Controversy regarding gold stand-
arddA systematic review. Arthroscopy 2020;36:
2295-22313 e1.

62. Arenas-Miquelez A, Dabirrahmani D, Sharma G, et al.
What is the most reliable method of measuring glenoid
bone loss in anterior glenohumeral instability? A
cadaveric study comparing different measurement tech-
niques for glenoid bone loss. Am J Sport Med 2021;49:
3628-3637.

63. Rutgers C, Verweij LPE, Priester-Vink S, van
Deurzen DFP, Maas M, van den Bekerom MPJ. Recur-
rence in traumatic anterior shoulder dislocations increases
the prevalence of Hill-Sachs and Bankart lesions: A sys-
tematic review and meta-analysis. Knee Surg Sports Trau-
matol Arthrosc 2022;30:2130-2140.

64. Salomonsson B, von Heine A, Dahlborn M, et al. Bony
Bankart is a positive predictive factor after primary
shoulder dislocation. Knee Surg Sports Traumatol Arthrosc
2010;18:1425-1431.

65. Dyrna FGE, Ludwig M, Imhoff AB, Martetschlager F. Off-
track Hill-Sachs lesions predispose to recurrence after
nonoperative management of first-time anterior shoulder
dislocations. Knee Surg Sports Traumatol Arthrosc 2021;29:
2289-2296.

66. Szyluk K, Jasinski A, Niemiec P, Mielnik M,
Widuchowski W, Koczy B. Male gender and age range 20-
29 years are the most important non-modifiable risk
factors for recurrence after primary post-traumatic
shoulder dislocation. Knee Surg Sports Traumatol Arthrosc
2018;26:2454-2464.

67. Sachs RA, Lin D, Stone ML, Paxton E, Kuney M. Can the
need for future surgery for acute traumatic anterior
shoulder dislocation be predicted? J Bone Joint Surg Am
2007;89a:1665-1674.

68. Kralinger FS, Golser K, Wischatta R, Wambacher M,
Sperner G. Predicting recurrence after primary anterior
shoulder dislocation. Am J Sports Med 2002;30:116-120.

69. te Slaa RL, Wijffels MP, Brand R, Marti RK. The prognosis
following acute primary glenohumeral dislocation. J Bone
Joint Surg Br 2004;86:58-64.

70. Vermeiren J, Handelberg F, Casteleyn PP, Opdecam P.
The rate of recurrence of traumatic anterior dislocation of
the shoulder. A study of 154 cases and a review of the
literature. Int Orthop 1993;17:337-341.

71. Rees JL, Shah A, Edwards K, et al. Treatment of first-time
traumatic anterior shoulder dislocation: the UK TASH-D
cohort study. Health Technol Assess 2019;23:1-104.

72. Yapp LZ, Baxendale-Smith L, Nicholson JA, Gaston MS,
Robinson CM. Traumatic glenohumeral dislocation in
pediatric patients is associated with a high risk
of recurrent instability. J Pediatr Orthoped 2021;41:
406-411.

73. Pevny T, Hunter RE, Freeman JR. Primary traumatic
anterior shoulder dislocation in patients 40 years of age
and older. Arthroscopy 1998;14:289-294.

74. Hoelen MA, Burgers AMJ, Rozing PM. Prognosis of pri-
mary anterior shoulder dislocation in young-adults. Arch
Orthop Trauma Surg 1990;110:51-54.

75. Safran O, Milgrom C, Radeva-Petrova DR, Jaber S,
Finestone A. Accuracy of the anterior apprehension test
as a predictor of risk for redislocation after a first trau-
matic shoulder dislocation. Am J Sport Med 2010;38:
972-975.

76. Tokish JM, Thigpen CA, Kissenberth MJ, et al. The
Nonoperative Instability Severity Index Score (NISIS): A
simple tool to guide operative versus nonoperative treat-
ment of the unstable shoulder. Sports Health 2020;12:
598-602.

77. Bhatia DN, Kandhari V. How does anterior glenoid bone
loss affect shoulder stability? A cadaveric analysis of gle-
noid concavity and bony shoulder stability ratio.
J Shoulder Elbow Surg 2022;31:553-560.

78. Eichinger JK, Massimini DF, Kim J, Higgins LD. Biome-
chanical evaluation of glenoid version and dislocation
direction on the influence of anterior shoulder instability
and development of Hill-Sachs lesions. Am J Sports Med
2016;44:2792-2799.

79. Peltz CD, Zauel R, Ramo N, Mehran N, Moutzouros V,
Bey MJ. Differences in glenohumeral joint morphology
between patients with anterior shoulder instability and
healthy, uninjured volunteers. J Shoulder Elbow Surg
2015;24:1014-1020.

80. Aygun U, Calik Y, Isik C, Sahin H, Sahin R, Aygun DO.
The importance of glenoid version in patients with ante-
rior dislocation of the shoulder. J Shoulder Elbow Surg
2016;25:1930-1936.

81. Moroder P, Ernstbrunner L, Pomwenger W, et al. Ante-
rior shoulder instability is associated with an underlying
deficiency of the bony glenoid concavity. Arthroscopy
2015;31:1223-1231.

82. Moroder P, Damm P, Wierer G, et al. Challenging the
current concept of critical glenoid bone loss in shoulder
instability: Does the size measurement really tell it all? Am
J Sports Med 2019;47:688-694.

83. Hohmann E, Tetsworth K. Glenoid version and inclina-
tion are risk factors for anterior shoulder dislocation.
J Shoulder Elbow Surg 2015;24:1268-1273.

84. Hung YJ, Darling WG. Scapular orientation during planar
and three-dimensional upper limb movements in in-
dividuals with anterior glenohumeral joint instability.
Physiother Res Int 2014;19:34-43.

85. Ogston JB, Ludewig PM. Differences in 3-dimensional
shoulder kinematics between persons with multidirec-
tional instability and asymptomatic controls. Am J Sports
Med 2007;35:1361-1370.

86. Rossi LA, Frank RM, Wilke D, et al. Evaluation and
management of glenohumeral instability with associated
bone loss: An expert consensus statement using the
modified Delphi technique. Arthroscopy 2021;37:
1719-1728.

http://refhub.elsevier.com/S0749-8063(23)00667-9/sref59
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref59
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref59
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref60
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref60
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref60
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref60
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref61
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref61
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref61
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref61
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref61
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref61
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref61
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref62
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref62
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref62
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref62
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref62
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref62
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref63
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref63
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref63
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref63
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref63
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref63
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref64
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref64
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref64
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref64
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref65
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref65
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref65
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref65
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref65
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref66
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref66
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref66
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref66
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref66
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref66
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref67
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref67
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref67
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref67
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref68
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref68
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref68
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref69
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref69
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref69
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref70
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref70
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref70
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref70
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref71
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref71
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref71
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref72
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref72
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref72
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref72
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref72
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref73
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref73
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref73
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref74
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref74
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref74
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref75
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref75
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref75
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref75
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref75
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref76
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref76
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref76
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref76
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref76
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref77
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref77
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref77
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref77
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref78
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref78
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref78
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref78
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref78
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref79
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref79
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref79
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref79
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref79
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref80
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref80
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref80
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref80
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref81
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref81
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref81
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref81
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref82
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref82
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref82
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref82
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref83
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref83
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref83
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref84
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref84
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref84
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref84
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref85
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref85
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref85
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref85
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref86
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref86
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref86
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref86
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref86


2586 L. P. E. VERWEIJ ET AL.
87. ClinicalTrials.gov National Library of Medicine. https://
www.clinicaltrials.gov/. Accessed June 20, 2023.

88. Williamson PR, Altman DG, Bagley H, et al. The
COMETHandbook: version 1.0. Trials2017;18:280 (Suppl 3).
89. Verweij LPE, Sierevelt IN, Baden DN, et al. Modified
Delphi study to identify which items should be evaluated
in shoulder instability research: A first step in developing
a Core Outcome Set JSES Int 2023;7:2304-2310.

https://www.clinicaltrials.gov/
https://www.clinicaltrials.gov/
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref88
http://refhub.elsevier.com/S0749-8063(23)00667-9/sref88

	Surgical Intervention Following a First Traumatic Anterior Shoulder Dislocation Is Worthy of Consideration
	Design of Current RCTs
	Combining RCTs With Cohort Studies
	Outcomes: Defining “Subjective” Treatment Success
	Timing, Reporting Averages, and Choosing Outcomes
	Relationship Between Redislocation and PROM

	Defining and Selecting Risk Factors and Outcomes
	Challenges and Opportunities in Cohort Studies
	Opportunities for Cohort Studies
	Potential Risk Factors Based on Biomechanics

	Conclusions
	Acknowledgments
	References


