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Abstract

Objective: Firstly, to investigate the inter-tester reliability of clinical shoulder instability and laxity
tests, and secondly, to describe the mutual dependency of each of the individual tests for

identifying self-reported shoulder problems.

Method: A standardized protocol for conducting reliability studies was used to test the inter-
tester reliability of the six clinical shoulder instability and laxity tests; apprehension, relocation,
surprise, load-and-shift, sulcus sign and Gagey. Cohens kappa (k) with 95% confidence intervals
(CI) besides Prevalence-Adjusted-Bias-Adjusted-Kappa (PABAK), accounting for insufficient
prevalence and bias, were computed to establish the inter-tester reliability and mutual

dependency.

Results: Forty individuals (13 with instability and laxity related shoulder problems and 27 shoulder
healthy individuals) aged 18-60 were included. Fair (relocation), moderate (load-and-shift, sulcus
sign) and substantial (apprehension, surprise, Gagey) inter-tester reliability were observed across
tests (k 0.39-0.73; 95% Cl: 0.00-1.00). PABAK improved reliability across tests, resulting in
substantial to almost perfect inter-tester reliability for the apprehension, surprise, load-and-shift
and Gagey tests (k 0.65-0.90). Mutual dependencies between each test and self-reported shoulder
problem showed apprehension, relocation and surprise to be the most often used tests to

characterize such musculoskeletal shoulder conditions.

Conclusions: Four tests (apprehension, surprise, load-and-shift and Gagey) out of six, were

considered inter-tester reliable for clinical use, while relocation and sulcus sign tests need further
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standardization before acceptable evidence. Furthermore, the validity of the tests for instability

and laxity needs to be studied.

Article summary section

Strengths and limitations of this study
e The strength of the study is the use of a three-phased standardized study protocol
e Presentation of raw findings increases transparency and interpretation of study findings
e No valid gold standard for including shoulder instability and laxity subjects was used

e A 50/50 prevalence of positive and negative tests for all six tests was not accomplished

Keywords

Reliability, Shoulder instability, laxity, clinical tests
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Introduction

Shoulder complaints, affecting shoulder-related quality of life (QolL), are frequent and may be
caused by shoulder instability and/or laxity* due to traumatic or non-traumatic injuries to the
shoulder joint.? The traumatic shoulder instability is mainly prompted by a high impact injury
during sports participation, resulting in a shoulder dislocation, predominantly in anterior
direction.? The non-traumatic shoulder instability is usually related to repetitive overhead

activities and/or patients with generalised joint hypermobility or glenohumeral hyperlaxity, often

refered to as multidirectional shoulder instability.>*>

Irrespectively of aetiology, shoulder instability and laxity is often accompanied by a variety of

symptoms including shoulder discomfort, pain besides glenohumeral subluxations and/or

6,7,8

repeated dislocations.””* Clinically, shoulder instability and laxity, is diagnosed and verified by a

group of shoulder pain and instability provoking/relieving tests, supplemented by shoulder laxity

9,10

tests.” " The former tests usually include the anterior shoulder instability and laxity tests;

apprehension, relocation and surprise, and the laxity tests consisting of the load-and-shift, sulcus

sign and Gagey tests.'"*%1

An ongoing discussion is the use of pain as diagnostic criterion in
diagnosing anterior shoulder instability with the shoulder-provoking tests apprehension,
relocation and surprise. In one way, it may be a confounding factor, since pain has shown to be
less predictive and reliable as a diagnostic criterion.** On the contrary though, others have
suggested that unrecognized and underlying glenohumeral instability may lead to repetitive

15,16

microtrauma and painful shoulder conditions, justifying pain as diagnostic criterion when

testing for anterior shoulder instability.
Nonetheless, symptoms may become chronic, and lead to reduced work and sports

17,18,19

capability, and with exercise-based management as the most often recommended first-
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choice treatment.?>*

Hence, early diagnosis using reliable and accurate clinical tests to guide
focused treatment is essential. Few studies though, have investigated the reliability of clinical
shoulder instability and laxity tests showing large variations in reliability and with limited

methodological quality, hampering interpretation and comparison with other studies.*****

Therefore, the objective of this study was to investigate the inter-tester reliability of commonly

used clinical shoulder instability and laxity tests in a group of sports-active individuals with and

without self-reported shoulder problems.
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Materials and methods

Study design

An inter-tester reliability study was conducted involving two physiotherapists as inter-tester
examiners. A third physiotherapist (study coordinator), not involved in the actual inter-tester
reliability study, managed all practical aspects during the study period. The Guidelines for
Reporting Reliability and Agreement Studies (GRASS) were followed.** A standardized protocol for
reliability studies, consisting of three phases: preparation and training of clinical tests, overall
agreement, and study phase (the actual reliability study) were applied.?> Two early career
physiotherapists with six months clinical experience were involved in the inter-tester reliability
study. A test-protocol describing each clinical test was developed and subsequently used by the
two testers to practice all tests in order to reach uniformity and mutual agreement in performing
and interpreting each test. In the overall agreement phase, the two testers examined 19
individuals (eight shoulder cases and 11 shoulder healthy). The two testers were mutually blinded
to the health status of the individuals (shoulder cases vs. shoulder healthy) and also to each
other’s test results. Before proceeding to the final study phase, the two testers needed an overall
agreement of at least 80% based on findings from the six clinical shoulder tests.? In the actual
inter-tester reliability study phase, the two testers examined a new group of shoulder cases and
shoulder healthy individuals with the six clinical shoulder tests. The procedure was the same as in
the agreement phase, meaning that testers were blinded to the health status of the individuals

and each other’s test results.
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Study subjects

A sample size of at least 40 individuals was targeted based on recommendations for performing
clinical reliability studies.? Sixty-five (women and men (aged 18-60 years)) were recruited and
screened for eligibility from Metropolitan University College, Copenhagen, and Bispebjerg
Frederiksberg University Hospital, Copenhagen resulting in an included number of 13 individuals
with instability and/or laxity related shoulder problems (hereinafter referred to as cases) vs. 27
shoulder healthy individuals, respectively.

Cases answering yes to at least one of two questions (‘Do you have a sense of shoulder instability?’
and ‘Have you ever had a shoulder injury?’) were eligible for a clinical shoulder examination
performed by the study coordinator. Cases were then included if they present with at least one
positive clinical shoulder test out of the following; apprehension, relocation, surprise, load-and-
shift, sulcus sign or Gagey. The shoulder healthy individuals were included if they present with no
self-reported shoulder pathology or complaints. In general, any individuals with prior shoulder
surgery were excluded. In the actual study phase, individuals completed a short questionnaire
with basic demographic details (age, gender, weight, height), in addition to the following: pain
level during rest and activity (numeric pain rating scale, NPRS),?® shoulder injury ever (yes/no),
subjective shoulder instability (yes/no) and sports-related activity (hours/week). Further, all
individuals filled in the patient-reported Western Ontario Shoulder Instability (WOSI)
guestionnaire designed to measure shoulder function and quality of life in patients with shoulder
instability and laxity symptoms.?’ The study was exempted for notification to the Danish Health
Research Study Board due to the non-invasive/-non-treating study design. However, oral and
written consent was provided from all individuals and, ethical guidelines were followed according

to the Helsinki declaration.”®

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml



©CoO~NOUTA,WNPE

152

153

154

155

156

157

158

159

160

161

162

163

164

165

166

167

168

169

170

171

172

173

174

BMJ Open Page 8 of 24

Inter-tester reliability of clinical shoulder instability and laxity tests

Clinical tests

The clinical shoulder tests consisted of three shoulder joint-provoking tests for anterior shoulder
instability (apprehension, relocation and surprise) besides three shoulder laxity tests (load and
shift, sulcus sign and Gagey) (Table 1).11131422:23.29

The apprehension and surprise tests were positive if glenohumeral apprehension and/or pain
were evoked during testing whereas relieve of symptoms with the relocation test was regarded as
a positive test. The load and shift test was rated on a four-point scale ranging from 0-3 (best to
worst; 0= little glenohumeral movement; 3=humeral head moves beyond the glenoid rim and
remains dislocated).’? Also, to enhance mutual agreement between testers when performing the
load-and-shift test, only the direction (anterior vs. posterior) with most glenohumeral head
translation was rated. Sulcus sign was objectively measured in centimeter (continuous scale) by
use of a small ruler according to previously used grading scales as follows; | (<1 cm translation), Il

(1to 2.0 cm) or 11l (>2.0 cm).?® Finally, Gagey test was rated as positive with passive abduction

above 105 degrees.”

Statistics

Demographics and descriptive data were tested for normality by visual inspection of histograms
and Shapiro-Wilk’s test. Group differences (shoulder cases vs. shoulder healthy) were tested by
Fisher’s Exact test for categorical variables, whereas student’s t-test and Mann-Whitney U-test
was used for parametric, respectively non-parametric distributed data.

Apprehension, relocation, surprise and Gagey test were dichotomous variables whereas the load
and shift and sulcus sign test were dichotomized to also allow for nominal statistics. Thus, load-

and-shift was rated positive when scored 2 or 3, while for sulcus sign a positive rating was equal to
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measurements exceeding one centimeter.? For transparency, data from each test is presented by
2 x 2 contingency tables besides the use of McNemar’s test for significant between-tester
differences. Furthermore, observed and expected agreements are presented along with
prevalence and bias® indexes. Reliability was evaluated with the use of Cohen’s kappa (k)
coefficients including 95% confidence intervals (Cl).% Also, since kappa is sensitive to imbalances
in prevalence and bias (e.g. the number of positive and negative tests not close to 50%) a
Prevalence-Adjusted-Bias-Adjusted Kappa (PABAK) was calculated.3*3! By definition, PABAK
reflects the ideal situation, thereby accounting for variation of prevalence and bias between
testers (as presented in the “real” world).3? The relationship between the individual tests and the
classification (mutual dependency) by self-reported shoulder problems was tested by Cohen’s
kappa (k) coefficients and the characterization of the groups was tested with Fischer’s exact tests.
The classification system proposed by Landis and Koch was used to interpret reliability as follows:
0.00-0.20 (Slight); 0.21-0.40 (Fair); 0.41-0.60 (Moderate); 0.61-0.80 (Substantial) and 0.81-1.00
(Almost perfect).®

Statistical Package for the Social Sciences (SPSS inc., Chicago, IL, USA), version 22, was used for all

statistical analyses, with p-value of <0.05 interpreted as significant.
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Table 1. Performance and evaluation of the clinical shoulder instability and laxity tests

Verbal introduction:

1. I am going to perform six clinical shoulder tests on you
2. | will ask if you experience any symptoms (apprehension and/or pain) during the three first tests.
3. | will guide you through each test

Clinical tests

Description

Placing of hands, etc.

Evaluation

Apprehension

Individuals placed supine with the
shoulder being tested close to the edge of
the examination table.

Shoulder positioned in 90°of abduction,
elbow flexed to 90°.

Examiner moves the shoulder into maximal
external rotation.

One hand around the wrist
of the individual with the other hand
gently placed in front of the shoulder.

Elbow supported at the examiners thigh.

Subjective or objective
presence of apprehension and/or
pain?

Rated as either positive or
negative.

(Nominal, dichotome data)

Relocation

From the end position of the apprehension
test the humeral head is gently forced
posteriorly

Examiners fifth finger placed close to the
lateral part of the acromion with the wrist

positioned anteriorly of the humeral head.

Diminish of apprehension
symptoms and/or pain?

Rated as either positive or
negative.

(Nominal, dichotome data)
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Surprise

From end position of the relocation test the
posteriorly directed force at the humeral
head is quickly removed.

Removal of examiners wrist from the
anterior part of the shoulder.

Subjective or objective
reproduction of apprehension
symptoms and/or pain?
Rated as either positive or
negative.

(Nominal, dichotome data)

Load-and-shift

Anterior tes

Individual placed supine with scapula resting
at the examination table.

Humeral head is loaded gently into the
glenoid through axial pressure at the elbow.

Anterior load-and-shift:

Shoulder positioned in the scapular plane in
90° of abduction with elbow flexed.
Humeral head gently shifted in anterior
direction.

Posterior load-and-shift: Shoulder positioned
in the scapular plane in 20° of abduction with
elbow flexed.

Humeral head gently shifted in posterior
direction.

Examiners one hand placed at the
olecranon with the individual’s hand
positioned between the examiners torso
and elbow.

Anterior load-and-shift: Examiners hand
placed on top of the shoulder with the
fingers on the backside of the
glenohumeral head to move it anteriorly.

Posterior load-and-shift: Examiners wrist
placed at the anterior part of the humeral
head to move it posteriorly.

Humeral head movement
evaluated by the use of a four-
level laxity scale.

0 = little to almost no movement

1 = humeral head moves up onto
the glenoid

2 = humeral head moves beyond
the glenoid, but relocates
spontaneously once pressure is
released

3 = humeral head moves beyond
the glenoid and remains
dislocated

Rated as positive when scored 2
or 3.
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(Nominal, dichotome data)

Sulcus sign

S

Individual sitting upright.

Examiner pulls the distal part of the humerus
in a caudal direction.

Distance from the top of the humeral head
and the acromion is measured with a ruler.

One hand placed above the epicondyles of
humerus.

Other hand is used to measure the
subacromial distance with a ruler

Rated as positive with
measurements exceeding 1
centimeter.

(Nominal, dichotome data)

Individual sitting upright.

The shoulder girdle is gently depressed with
the arm passively moved into end range in
horizontal abduction.

A mirror in front of the individual is used to
evalate shoulder abduction angle.

Forearm placed on top of the shoulder
girdle with the other hand placed around
the elbow joint.

Rated as positive with abduction
exceeding 105 degrees.

(Nominal, dichotome data)

12

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml



Page 13 of 24 BMJ Open

Inter-tester reliability of clinical shoulder instability and laxity tests

1

2

3

4

5 191 [Results

6

7

8 192  Characteristics of the participating individuals are presented in Table 2. Demographics
9

10 193  showed no difference between the shoulder cases (n=13) and shoulder healthy (n=27)
11

ig 194  individuals. Further, both groups (92 and 74%; p=0.18) were relatively active with a
14 . . . . . .

15 195  weekly participation in sports-related activity for more than four hours per week.

16

17 196 However, as expected due to the design, shoulder cases had significantly higher pain
18

leg 197  during activity (4.23 vs. 1.44; p=0.02), higher frequency of shoulder injury ever (62% vs.
21

22 198  <1%; p<0.001), higher subjective shoulder instability (69 vs. 11%; p<0.001) and worse
23

gg 199  total WOSI score (506 vs. 136; p=0.001) (Table 2).

26

27 200

28

29 201  Table 2. Study phase. Participant characteristics.

32 Shoulder Shoulder P-value
32 cases healthy

33 (n=13) (n=27)

34 Sex (women/men) 8/5 21/6 0.28
35 Age (years) mean (SD) 28 (9) 29 (7) 0.72
36 Weight (kg)* mean (SD) 71.0 (12.8) 74.9 (23.4) 0.59
37 Height (cm) mean (SD) 174.0 (8.6) 173.4(7.9) 0.82
38 Pain, rest (NRS 0-10) mean (SD) 1.08 (1.44) 0.41 (1.15) 0.12
39 Pain, activity (NRS 0-10) mean (SD) 4.23(2.92) 1.44 (2.12) <0.05
40 Shoulder injury ever, n (%) 8 (62) 1(<1) <0.001
41 - . .

42 Subjective shoulder instability, n (%) 9 (69) 3(11) <0.001
43 Sports-related activity (>4 hours/week), n (%) 12 (92) 20 (74) 0.18
44 WOSI domains, mean (SD)

45 - Physical symptoms (0-1000) 225 (165) 60 (78) <0.05
46 - Sports, recreation, work (0-400) 103 (93) 24 (47) <0.05
a7 - Lifestyle (0-400) 58 (57) 13 (21) <0.05
48 - Emotions (0-300) 121 (94) 39 (49) <0.05
49 WOSI total score (0-2100) mean (SD) 506 (362) 136 (174) <0.001
22 SD Standard deviation; kg kilo; * significance level p < 0.05; cm centimeter NRS Numeric Rating Scale
5> 202

53

54 203

55

56 204

57

58

59

60
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Prevalence of positive tests was especially low for the load-and-shift test (table 3), and
significant between-tester differences were found for relocation and sulcus sign tests

(p=0.021) (not shown in tables).

Table 3. Contingency tables with findings from tester A and B.

Apprehension A Relocation A Surprise A
Yes No Yes No Yes No
B Yes 14 4 Yes 6 2 Yes 14 4
No 3 19 B No 8 24 B No 3 19
Load-and-shift A Sulcus A Gagey A
Yes No Yes No Yes No
B Yes 1 0 Yes 7 1 Yes 8 3
No 2 37 B No 9 23 B No 1 28

Reliability varied between k: 0.39-0.73 (95% Cl: 0.00-1.00), indicating fair (relocation; k
0.39), moderate (load-and-shift, sulcus sign; k 0.43 and 0.48) and substantial
(apprehension, surprise, Gagey; k 0.65-0.73) reliability (Table 4). The prevalence index
of all six tests ranged from 0.05-0.44, (lowest for load-and-shift, relocation and sulcus;
0.05, 0.28 and 0.30), whereas the bias index ranged from and 0.03-0.20 (highest for
relocation and sulcus). PABAK improved reliability for relocation, load-and-shift, sulcus
sign and Gagey test, now corresponding to moderate (relocation and sulcus sign; k
0.50), substantial (Gagey; k: 0.80) and almost perfect (load and shift; k: 0.90) reliability

(Table 4).
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Table 4. Study phase. Reliability of six clinical shoulder instability and laxity tests.

Observed Expected Prevalence Bias Kappa PABAK

agreement agreement index index (95% Cl)
Apprehension 0.83 0.51 0.44 0.03  0.65(0.38;0.85) 0.65
Relocation* 0.75 0.59 0.28 0.15 0.39 (0.07; 0.68) 0.50
Surprise 0.83 0.51 0.44 0.03 0.65 (0.38; 0.85) 0.65
Load and Shift 0.95 0.90 0.05 0.05 0.48 (0.00; 1.00) 0.90
Sulcus sign* 0.75 0.56 0.30 0.20 0.43(0.17;0.72) 0.50
Gagey 0.90 0.62 0.40 0.05  0.73(0.46;0.94) 0.80

*Significant inter-tester differences, Cl Confidence intervals, PABAK prevalence-and-bias-adjusted
kappa

The k values for mutual dependency indicate that apprehension, relocation and
surprise tests for both examiners were the most frequently used tests for
characterizing self-reported shoulder problems (Table 5). This was further confirmed

by the significant group difference in the presence of positive tests.

Table 5. Kappa statistics for mutual dependency of the individual tests and self-
reported shoulder problems.

Observed Expected Prevalence  Kappa p-value
agreement agreement index (cases/controls)

Apprehension

Examiner A 0.75 0.53 0.38 0.47 0.003

Examiner B 0.68 0.52 0.40 0.33 0.04
Relocation*

Examiner A 0.83 0.55 0.35 0.61 <0.001

Examiner B 0.73 0.63 0.25 0.27 0.08
Surprise

Examiner A 0.75 0.53 0.38 0.47 0.003

Examiner B 0.68 0.52 0.40 0.33 0.04
Load and Shift

Examiner A 0.75 0.65 0.20 0.29 0.03

Examiner B 0.70 0.67 0.18 0.10 0.33
Sulcus sign*

Examiner A 0.63 0.61 0.28 0.05 0.52

Examiner B 0.63 0.54 0.38 0.19 0.19
Gagey

Examiner A 0.70 0.60 0.28 0.26 0.10

Examiner B 0.70 0.58 0.30 0.29 0.08
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Discussion

The inter-tester reliability across the selected six clinical shoulder instability and laxity
tests ranged from fair to substantial. Use of PABAK calculations improved inter-tester
reliability to substantial and almost perfect across most tests, except for the relocation
and sulcus sign tests. The tests most often used to characterize self-reported shoulder

problems (mutual dependency) were apprehension, relocation and surprise tests.

The inter-tester reliability for the apprehension, relocation and surprise was higher
than, or equivocal, to previously reported results of these tests using the same
diagnostic procedures (apprehension and/or pain).?® Specifically for the apprehension
and surprise test, the present k values were somewhat higher than previously reported
(0.65 vs. 0.44-0.45). The reason for this may be that the current study included both
shoulder cases and shoulder healthy individuals as opposed to only including
symptomatic subjects.?® This may have increased subject variation, known to affect
reliability positively. Also, PABAK calculations did not affect the overall reliability of the
apprehension and surprise tests, probably due to an optimal prevalence index of
positive and negative tests (close to 0.50). For the relocation test, the existing inter-
tester reliability was almost similar to previously reported (k 0.39 vs. 0.44),%3 however,
fairly lower. Apparently, the primary reason for the current poor reliability in
relocation was presence of systematic bias between testers, as indicated by the actual
raw data (contingency tables) and the statistical significant inter-examiner difference.
Likewise, systematic bias between testers was also fund for the sulcus sign test in the

present study. Hypothetically, this may be explained by inter-tester variability in the
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force produced to relocate, respectively inferiorly translate the glenohumeral head
during the relocation and sulcus sign tests in the current study. This is, however, only
speculative and further studies are needed to standardize these tests.

Reliability for the present sulcus sign test was slightly lower than previously reported (k
0.39 vs. >0.50).>*?3 The discrepancy in reliability observed may be due to the use of
different test positions with participants in the current study sitting upright® as
opposed to a previous lying test position.?? Although, using PABAK it applies for both
the relocation and sulcus sign test that overall reliability was not affected much, due to
the presence of systematic bias.

For the load-and-shift test, reliability was relatively low (including wide Cl). This may be
due to the current poor prevalence index. However, the present dichotomous rating of
the load-and-shift test (meaning that only individuals that could either subluxate or
dislocate the shoulder during testing was deemed positive) may have influenced the
prevalence of positive tests largely. Therefore, using PABAK, reliability of the load-and-
shift test improved considerably (from moderate to almost perfect). Nevertheless,
different statistics (kappa vs. Intra-class-Correlation Coefficients), different scoring
systems (dichotomous rating (positive yes/no) vs. four point grading scale (0-3)*>and
inclusion of shoulder asymptomatic athletes only?> make comparison across studies
difficult.

Finally, reliability of the Gagey test was substantial and PABAK did not affect reliability
much due to a nearly optimal prevalence and low bias between testers. Unfortunately,

there is no other study to compare with.
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Although the current study was designed to investigate reliability, and not diagnostic
accuracy, the mutual dependency between the individual tests and self-reported
shoulder problems was analysed. It revealed that the tests most often used to
characterize those with and without self-reported shoulder problems (mutual
dependency) proved to be the apprehension, relocation and surprise tests. This may
indicate a relationship between these tests, which may come as no surprise, since
these tests are a continuum of the apprehension test and, thus, closely related.’
Nevertheless, for clinicians it is of interest to specify the clinical characteristics of
patients with self-reported shoulder problems. Thus, the current prevalence of
positive tests may mirror these characteristics of the included patients and should be
taken into consideration in the management of such musculoskeletal conditions. It
could be suggested to develop and test the clinimetric properties of a more
comprehensive test battery for evaluating self-reported shoulder problems. No prior
studies were found addressing mutual dependency of the current tests for shoulder
instability and laxity, which hampers comparison.

The present study has several limitations. First, despite the use of a standardized test
protocol, including training and an overall agreement phase, two of the tests
(relocation and sulcus sign tests) failed to reach recommendable reliability values.
Further standardization in both performance and interpretation are therefore needed.
Secondly, no valid gold standard for classifying shoulder instability/laxity was used. To
compensate for this, self-reported confirmation of shoulder-related problems was

applied, but this was not reflected in the current WOSI scores, which were relatively
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300 low. Lack of a more objective gold standard may have decreased diagnostic accuracy,

301 however, not reliability, which was the primary objective of the present study-

©CoO~NOUTA,WNPE

302  Thirdly, although the recommended prevalence of 0.50 in reliability studies® in all six
11 303  tests was not accomplished, use of PABAK calculations was able to represent a valid
14 304 alternative for the original kappa values. Nevertheless, future studies should use

16 305 inclusion criteria of more established shoulder instability and laxity conditions, and, if
18 306 possible, verified by objective criteria as surrogate for a gold standard of shoulder

21 307 instability and laxity. This may optimize prevalence as well as diagnostic accuracy in
23 308  studies where this is a further aim.

25 309 The strengths of the study are the use of standardized procedures (including blinding
28 310 to patient status and the use of a three-phased protocol for conducting reliability

30 311  studies). Also, presentation of raw data, using contingency tables, along with kappa
32 312 and PABAK values, increases data transparency and improves interpretation of the

35 313  reliability study.

38 314 Conclusions

41 315  This study showed acceptable inter-tester reliability for four of six clinical shoulder
43 316 instability and laxity tests in relatively sports active individuals with and without self-
317 reported shoulder disability. However, relocation and sulcus sign tests need further
48 318 standardisation before being recommended for use in clinical practice. Based on the
30 319 frequency and mutual dependency of the current tests, especially apprehension and

320  surprise tests seem important in the characterisation of self-reported shoulder
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problems. Future research on the validity of tests for shoulder instability and laxity is

needed.
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Abstract

Objective: Firstly, to investigate the inter-tester reliability of clinical shoulder instability and laxity
tests, and secondly, to describe the mutual dependency of each test evaluated by each tester for

identifying self-reported shoulder instability and laxity.

Method: A standardized protocol for conducting reliability studies was used to test the inter-
tester reliability of the six clinical shoulder instability and laxity tests; apprehension, relocation,
surprise, load-and-shift, sulcus sign and Gagey. Cohens kappa (k) with 95% confidence intervals
(CI) besides Prevalence-Adjusted-Bias-Adjusted-Kappa (PABAK), accounting for insufficient
prevalence and bias, were computed to establish the inter-tester reliability and mutual

dependency.

Results: Forty individuals (13 with self-reported shoulder instability and laxity related shoulder
problems and 27 normal shoulders individuals) aged 18-60 were included. Fair (relocation),
moderate (load-and-shift, sulcus sign) and substantial (apprehension, surprise, Gagey) inter-tester
reliability were observed across tests (k 0.39-0.73; 95% Cl: 0.00-1.00). PABAK improved reliability
across tests, resulting in substantial to almost perfect inter-tester reliability for the apprehension,
surprise, load-and-shift and Gagey tests (k 0.65-0.90). Mutual dependencies between each test
and self-reported shoulder problem showed apprehension, relocation and surprise to be the most

often used tests to characterize self-reported shoulder instability conditions.

Conclusions: Four tests (apprehension, surprise, load-and-shift and Gagey) out of six, were

considered inter-tester reliable for clinical use, while relocation and sulcus sign tests need further
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standardization before acceptable evidence. Furthermore, the validity of the tests for instability

and laxity needs to be studied.

Article summary section

Strengths and limitations of this study
e The strength of the study is the use of a three-phased standardized study protocol
e Presentation of raw findings increases transparency and interpretation of study findings
¢ No valid gold standard for including shoulder instability and laxity subjects was used

e A 50/50 prevalence of positive and negative tests for all six tests was not accomplished

Keywords

Reliability, Shoulder instability, laxity, clinical tests
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Introduction

Shoulder complaints, affecting shoulder-related quality of life (QolL), are frequent and may be
caused by shoulder instability and/or laxity * due to traumatic or non-traumatic injuries to the
shoulder joint.2 The traumatic shoulder instability is mainly prompted by a high impact injury
during sports participation, resulting in a shoulder dislocation, predominantly in anterior
direction.? The non-traumatic shoulder instability is usually related to repetitive overhead

activities and/or patients with generalised joint hypermobility or glenohumeral hyperlaxity, often

refered to as multidirectional shoulder instability.>*>

Irrespectively of aetiology, shoulder instability and laxity is often accompanied by a variety of

symptoms including shoulder discomfort, pain besides glenohumeral subluxations and/or

6,7,8

repeated dislocations.”™”® Clinically, shoulder instability and laxity, are diagnosed and verified by a

group of shoulder pain and instability provoking/relief tests, supplemented by shoulder laxity

9,10

tests.” " The former tests usually include the anterior shoulder instability and laxity tests;

apprehension, relocation and surprise, and the laxity tests consisting of the load-and-shift, sulcus

11,12,13

sign and Gagey tests. An ongoing discussion is the use of pain as diagnostic criterion in

diagnosing anterior shoulder instability with the clinical tests apprehension, relocation and

14,15,16

surprise. In one way, it may be a confounding factor, since pain has shown to be less

predictive and reliable as a diagnostic criterion.** On the contrary though, others have suggested

that unrecognized and underlying glenohumeral instability may lead to repetitive microtrauma

15,16

and painful shoulder conditions, justifying pain as diagnostic criterion when testing for anterior

shoulder instability.
Nonetheless, symptoms may become chronic, and lead to reduced work and sports

17,18,19

capability, and with exercise-based management as the most often recommended first-
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choice treatment.?>*

Hence, early diagnosis using reliable and accurate clinical tests to guide
focused treatment is essential. Few studies though, have investigated the reliability of clinical
shoulder instability and laxity tests showing large variations in reliability and with limited

methodological quality, hampering interpretation and comparison with other studies.*****

Therefore, the objective of this study was to investigate the inter-tester reliability of commonly
used clinical shoulder instability and laxity tests and secondly to describe the mutual dependency
for each test evaluated by each tester, in a group of sports-active individuals with and without

self-reported shoulder problems.
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Materials and methods

Study design

An inter-tester reliability study was conducted involving two physiotherapists as inter-tester
examiners. A third physiotherapist (study coordinator), not involved in the actual inter-tester
reliability study (test phase), managed all practical aspects during the study period. The Guidelines
for Reporting Reliability and Agreement Studies (GRASS), a consensus document on how to report
reliability and agreement studies, were followed.** A standardized protocol for reliability studies,
consisting of three phases: preparation and training of clinical tests, overall agreement, and test
phase (the actual reliability study) were applied.?”> Two early career physiotherapists with six
months clinical experience were involved in the inter-tester reliability study. A test-protocol
describing each clinical test was developed and subsequently used by the two testers to practice
all tests in order to reach uniformity and mutual agreement in performing and interpreting each
test. In the overall agreement phase, the two testers examined 19 individuals (eight affected
shoulders and 11 normal shoulders). The two testers were mutually blinded to the health status of
the individuals (affected shoulders vs. normal shoulders) and also to each other’s test results.
Before proceeding to the final study phase, the two testers needed an overall agreement of at
least 80% based on findings from the six clinical shoulder tests.?® In the actual inter-tester
reliability test phase, the two testers examined a new group of individuals with affected,
respectively normal shoulders with the six clinical shoulder tests. The procedure was the same as
in the agreement phase, meaning that testers were blinded to the health status of the individuals

and each other’s test results.
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1

2

3

4 130  Study subjects

5

? 131  Asample size of at least 40 individuals was targeted based on recommendations for performing
8

9 132 clinical reliability studies.? Sixty-five individuals (women and men (aged 18-60 years)) were
10

g 133  recruited and screened for eligibility from Metropolitan University College, Copenhagen, and
13

14 134  Bispebjerg Frederiksberg University Hospital, Copenhagen resulting in an included number of 13
16 135 individuals with instability and/or laxity related shoulder problems (hereinafter referred to as

18 136  shoulder affected) vs. 27 normal shoulder individuals, respectively.

21 137  Shoulder affected individuals answering yes to at least one of two questions (‘Do you have a sense
23 138  of shoulder instability?’ and ‘Have you ever had a shoulder injury?’) were eligible for a clinical

25 139  shoulder examination performed by the study coordinator. The shoulder affected individuals were
28 140  thenincluded if they present with at least one positive clinical shoulder test out of the following;
30 141  apprehension, relocation, surprise, load-and-shift, sulcus sign or Gagey. Individuals with normal
32 142  shoulders were recruited through public advertisements followed by a telephone interview and
35 143  included if they present with no self-reported shoulder pathology or complaints. In general, any
37 144  individuals with prior shoulder surgery were excluded. In the actual test phase, individuals

145  completed a short questionnaire with basic demographic details (age, gender, weight, height), in
42 146  addition to the following: pain level during rest and activity (numeric pain rating scale, NPRS),?

44 147  shoulder injury ever (yes/no), subjective shoulder instability (yes/no) and sports-related activity
47 148  (hours/week). Further, all individuals completed the patient-reported Western Ontario Shoulder
49 149 Instability (WOSI) questionnaire designed to measure shoulder function and quality of life in

51 150  patients with shoulder instability and laxity symptoms.?’ The time period between each test phase
54 151  was approximately 2 weeks, and new subjects were included for each phase. Only the study phase

56 152  isreported in the current manuscript. The study was exempted for notification to the Danish
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Health Research Study Board due to the non-invasive and non-treating study design. However,
oral and written consent was provided from all individuals and, ethical guidelines were followed

according to the Helsinki declaration.?®

Clinical tests

The clinical shoulder tests consisted of three shoulder joint-provoking tests for anterior shoulder
instability (apprehension, relocation and surprise) besides three shoulder laxity tests (load and
shift, sulcus sign and Gagey) (Table 1). 11314222329

The apprehension test (Table 1, Figure 1) was positive if glenohumeral apprehension and/or pain
were evoked during testing whereas relief of symptoms with the relocation test (Table 1, Figure 2)
was regarded as a positive test. As for the apprehension, the surprise test (Table 1, Figure 3) was
positive if glenohumeral apprehension and/or pain were evoked during testing. The load and shift
test (Table 1, Figure 4 & 5) was rated on a four-point scale ranging from 0-3 (best to worst; 0= little
glenohumeral movement; 3=humeral head moves beyond the glenoid rim and remains
dislocated).'? Also, to enhance mutual agreement between testers when performing the load-and-
shift test, only the direction (anterior vs. posterior) with most glenohumeral head translation was
scored. Sulcus sign (Table 1, Figure 6) was objectively measured in centimeter (continuous scale)
by use of a small ruler according to previously used grading scales as follows; | (<1 cm translation),

Il (1 to 2.0 cm translation) or Il (>2.0 cm translation).?® Finally, Gagey test (Table 1, Figure 7) was

rated as positive with passive abduction above 105 degrees.*?

Statistics

Demographics and descriptive data were tested for normality by visual inspection of histograms
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and Shapiro-Wilk’s test. Group differences (affected shoulders vs. normal shoulders) were tested
by Fisher’s Exact test for categorical variables, whereas student’s t-test and Mann-Whitney U-test
was used for parametric, respectively non-parametric distributed data.

Apprehension, relocation, surprise and Gagey tests were dichotomous variables whereas the load
and shift and sulcus sign tests were dichotomized to also allow for nominal statistics. Thus, load-
and-shift was rated positive when scored 2 or 3, while for sulcus sign a positive rating was equal to
measurements exceeding one centimeter.?’ For transparency, data from each test is presented by
2 x 2 contingency tables besides the use of McNemar’s test for significant between-tester
differences. Furthermore, observed and expected agreements are presented along with
prevalence and bias®® indexes. Reliability was evaluated with the use of Cohen’s kappa (k)
coefficients including 95% confidence intervals (Cl). 2> Also, since kappa is sensitive to imbalances
in prevalence and bias (e.g. if a 50/50 distribution of positive and negative tests cannot be
accomplished) the use of PABAK calculation is a valid supplement to the original kappa values.3*3!
By definition, PABAK reflects the ideal situation, thereby accounting for variation of prevalence

|"

and bias between testers (as presented in the “real” world). * PABAK calculation is performed by
adjusting for high or low prevalence by computing the average of cells a and d in a cross table,
substituting this value for the actual values in those cells. Similarly, an adjustment for bias is
achieved by substituting the mean of cells b and c for those actual cell values.*® Finally, the
relationship for each tester between the individual tests and the classification (mutual
dependency) by self-reported shoulder problems was tested by Cohen’s kappa (k) coefficients and
the characterization of the groups was tested with Fischer’s exact tests.

The classification system proposed by Landis and Koch was used to interpret reliability as follows:

0.00-0.20 (Slight); 0.21-0.40 (Fair); 0.41-0.60 (Moderate); 0.61-0.80 (Substantial) and 0.81-1.00
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(Almost perfect).“"3
Statistical Package for the Social Sciences (SPSS inc., Chicago, IL, USA), version 22, was used for all

statistical analyses, with p-value of <0.05 interpreted as significant.
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Table 1. Performance and evaluation of the clinical shoulder instability and laxity tests

Verbal introduction:

1.1 am going to perform six clinical shoulder tests on you
2. | will ask if you experience any symptoms (apprehension and/or pain) during the three first tests.
3. I will guide you through each test

Clinical tests Description Placing of hands, etc. Evaluation
Figure 1 Individuals placed supine with the One hand around the wrist Subjective or objective
shoulder being tested close to the edge of of the individual with the other hand presence of apprehension and/or
the examination table. gently placed in front of the shoulder. pain?
Shoulder positioned in 90°of abduction, Elbow supported at the examiners thigh. Rated as either positive or
elbow flexed to 90°. negative.
Examiner moves the shoulder into maximal (Nominal, dichotome data)
external rotation.
Figure 2 From the end position of the apprehension Examiners fifth finger placed close to the Relief of apprehension and/or
test the humeral head is gently forced lateral part of the acromion with the wrist  pain?
posteriorly positioned anteriorly at the humeral head.
Rated as either positive or
negative.
(Nominal, dichotome data)
Figure 3 From end position of the relocation test the Removal of examiners wrist from the Subjective or objective

posteriorly directed force at the humeral
head is quickly removed.

anterior part of the shoulder.

reproduction of apprehension
and/or pain?

Rated as either positive or
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negative.

(Nominal, dichotome data)

Individual placed supine with scapula resting
at the examination table.

Humeral head is loaded gently into the
glenoid through axial pressure at the elbow.

Examiners one hand placed at the
olecranon with the individual’s hand
positioned between the examiners torso
and elbow.

Humeral head movement
evaluated by the use of a four-
level laxity scale.

0 = little to almost no movement

Figure 4
1 = humeral head moves up onto
Anterior load-and-shift test: Anterior load-and-shift: Examiners hand the glenoid
Shoulder positioned in the scapular plane in placed on top of the shoulder with the
90° of abduction with elbow flexed. fingers on the backside of the 2 = humeral head moves beyond
Humeral head gently shifted in anterior glenohumeral head to move it anteriorly. the glenoid, but relocates
direction. spontaneously once pressure is
released
Figure 5 Posterior load-and-shift: Examiners wrist 3 = humeral head moves beyond
Posterior load-and-shift test: Shoulder placed at the anterior part of the humeral  the glenoid and remains
positioned in the scapular plane in 20° of head to move it posteriorly. dislocated
abduction with elbow flexed.
Humeral head gently shifted in posterior Rated as positive when scored 2
direction. or3.
(Nominal, dichotomous data)
Figure 6 Individuals sitting upright. Shoulder in neutral  One hand placed above the epicondyles of Rated as positive with

position (O degree rotation).

humerus.

measurements exceeding 1
centimeter.
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Examiner pulls the distal part of the humerus
in a caudal direction.

Distance from the top of the humeral head
and the acromion is evaluated with a ruler.

Other hand is used to evaluate the
subacromial distance with a ruler.

(Nominal, dichotome data)

Figure 7

Individuals sitting upright.

The shoulder girdle is stabilized by examiners
forearm preventing the shoulder girdle to
elevate while the individuals arm is passively
moved into end range in horizontal
abduction.

A mirror in front of the individual is used to
evaluate the shoulder abduction angle.

Forearm placed on top of the shoulder
girdle with the other hand placed around
the elbow joint.

Rated as positive with abduction
exceeding 105 degrees.

(Nominal, dichotomous data)
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Results

Characteristics of the participating individuals are presented in Table 2. Demographics

showed no difference between the individuals with affected shoulders (n=13) and

normal shoulders (n=27). Furthermore, both groups (92 and 74%; p=0.18) were

relatively active with a weekly participation in sports-related activity for more than

four hours per week. However, as expected due to the design, affected shoulders had

significantly higher pain during activity (4.23 vs. 1.44; p=0.02), higher frequency of

shoulder injury ever (62% vs. <1%; p<0.001), higher subjective shoulder instability (69

vs. 11%; p<0.001) and worse total WOSI score (506 vs. 136; p=0.001) (Table 2).

Table 2. Study phase. Participant characteristics.

Affected Normal P-value
shoulders shoulders
(n=13) (n=27)

Sex (women/men) 8/5 21/6 0.28
Age (years) mean (SD) 28 (9) 29 (7) 0.72
Weight (kg)* mean (SD) 71.0 (12.8) 74.9 (23.4) 0.59
Height (cm) mean (SD) 174.0 (8.6) 173.4 (7.9) 0.82
Pain, rest (NRS 0-10) mean (SD) 1.08 (1.44) 0.41 (1.15) 0.12
Pain, activity (NRS 0-10) mean (SD) 4.23(2.92) 1.44 (2.12) <0.05
Shoulder injury ever, n (%) 8 (62) 1(4) <0.001
Subjective shoulder instability, n (%) 9 (69) 3(11) <0.001
Sports-related activity (>4 hours/week), n (%) 12 (92) 20 (74) 0.18
WOSI domains, mean (SD)
- Physical symptoms (0-1000) 225 (165) 60 (78) <0.05
- Sports, recreation, work (0-400) 103 (93) 24 (47) <0.05
- Lifestyle (0-400) 58 (57) 13 (21) <0.05
- Emotions (0-300) 121 (94) 39 (49) <0.05
WOSI total score (0-2100) mean (SD) 506 (362) 136 (174) <0.001

SD Standard deviation; kg kilo; * significance level p < 0.05; cm centimeter NRS Numeric Rating Scale
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Prevalence of positive tests was especially low for the load-and-shift test (table 3), and
significant between-tester differences were found for relocation and sulcus sign tests

(p=0.021) (not shown in tables).

Table 3. Contingency tables with findings from tester A and B.

Apprehension A Relocation A Surprise A
Yes No Yes No Yes No
B Yes 14 4 Yes 6 2 Yes 14 4
No 3 19 B No 8 24 B No 3 19
Load-and-shift A Sulcus A Gagey A
Yes No Yes No Yes No
B Yes 1 0 Yes 7 1 Yes 8 3
No 2 37 B No 9 23 B No 1 28

Reliability varied between k: 0.39-0.73 (95% Cl: 0.00-1.00), indicating fair (relocation; k
0.39), moderate (load-and-shift, sulcus sign; k 0.43 and 0.48) and substantial
(apprehension, surprise, Gagey; k 0.65-0.73) reliability (Table 4). The prevalence index
of all six tests ranged from 0.05-0.44, (lowest for load-and-shift, relocation and sulcus;
0.05, 0.28 and 0.30), whereas the bias index ranged from and 0.03-0.20 (highest for
relocation and sulcus). PABAK improved reliability for relocation, load-and-shift, sulcus
sign and Gagey test, now corresponding to moderate (relocation and sulcus sign; k
0.50), substantial (Gagey; k: 0.80) and almost perfect (load and shift; k: 0.90) reliability

(Table 4).
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Table 4. Reliability of six clinical shoulder instability and laxity tests.

Observed Expected Prevalence Bias Kappa PABAK

agreement agreement index index (95% Cl)
Apprehension 0.83 0.51 0.44 0.03  0.65(0.38;0.85) 0.65
Relocation* 0.75 0.59 0.28 0.15 0.39 (0.07; 0.68) 0.50
Surprise 0.83 0.51 0.44 0.03 0.65 (0.38; 0.85) 0.65
Load and Shift 0.95 0.90 0.05 0.05 0.48 (0.00; 1.00) 0.90
Sulcus sign* 0.75 0.56 0.30 0.20 0.43(0.17;0.72) 0.50
Gagey 0.90 0.62 0.40 0.05  0.73(0.46;0.94) 0.80

*Significant inter-tester differences, Cl Confidence intervals, PABAK prevalence-and-bias-adjusted
kappa

The k values for mutual dependency indicate that apprehension, relocation and
surprise tests for both examiners were the most frequently used tests for
characterizing self-reported shoulder problems (Table 5). This was further confirmed
by the significant group difference in the presence of positive tests.

Table 5. Kappa statistics for mutual dependency of the individual tests and self-
reported shoulder problems for each tester.

Observed Expected Prevalence Kappa p-value
agreement agreement index (AS/NS)

Apprehension

Examiner A 0.75 0.53 0.38 0.47 0.003

Examiner B 0.68 0.52 0.40 0.33 0.04
Relocation*

Examiner A 0.83 0.55 0.35 0.61 <0.001

Examiner B 0.73 0.63 0.25 0.27 0.08
Surprise

Examiner A 0.75 0.53 0.38 0.47 0.003

Examiner B 0.68 0.52 0.40 0.33 0.04
Load and Shift

Examiner A 0.75 0.65 0.20 0.29 0.03

Examiner B 0.70 0.67 0.18 0.10 0.33
Sulcus sign*

Examiner A 0.63 0.61 0.28 0.05 0.52

Examiner B 0.63 0.54 0.38 0.19 0.19
Gagey

Examiner A 0.70 0.60 0.28 0.26 0.10

Examiner B 0.70 0.58 0.30 0.29 0.08

AS affected shoulders; NS normal shoulder; *Significant inter-tester differences
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Discussion

The inter-tester reliability across the selected six clinical shoulder instability and laxity
tests ranged from fair to substantial. Use of PABAK calculations improved inter-tester
reliability to substantial and almost perfect across most tests, except for the relocation
and sulcus sign tests. The tests most often used to characterize self-reported shoulder
instability and laxity (mutual dependency) were apprehension, relocation and surprise

tests.

The inter-tester reliability for the apprehension, relocation and surprise was higher
than, or equivalent, to previously reported results of these tests using the same
diagnostic procedures (apprehension and/or pain).?® Specifically for the apprehension
and surprise test, the present k values were somewhat higher than previously reported
(0.65 vs. 0.44-0.45). The reason for this may be that the current study included both
affected and normal shoulder individuals as opposed to only including symptomatic
subjects.”® This may have increased subject variation, known to affect reliability
positively. Also, PABAK calculations did not affect the overall reliability of the
apprehension and surprise tests, probably due to an optimal prevalence index of
positive and negative tests (close to 0.50). For the relocation test, the existing inter-
tester reliability was almost similar to previously reported (k 0.39 vs. 0.44),” however
lower. Apparently, the primary reason for the current poor reliability in relocation was
presence of systematic bias between testers, as indicated by the actual raw data
(contingency tables) and the statistical significant inter-examiner difference. Likewise,

systematic bias between testers was also found for the sulcus sign test in the present
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study. Hypothetically, this may be explained by inter-tester variability in the force
produced to translate the humeral head in posterior (relocation test) or inferior (sulcus
sign test) direction, in the current study. This is, however, only speculative and further
studies are needed to standardize these tests.

Reliability for the present sulcus sign test was slightly lower than previously reported (k
0.39 vs. >0.50).***% The discrepancy in reliability observed may be due to the use of
different test positions with participants in the current study sitting upright® as
opposed to a previous lying test position.22 However, due to the presence of
systematic bias in both the relocation and sulcus sign test, PABAK did not affect the
overall reliability much.

For the load-and-shift test, reliability was relatively low (including wide Cl). This may be
due to the current low prevalence index below 50%, which is the optimum prevalence
in reliability studies. 2> However, the present dichotomous rating of the load-and-shift
test (meaning that only individuals that could either subluxate or dislocate the
shoulder during testing was deemed positive) may have influenced the prevalence of
positive tests largely. Therefore, using PABAK, reliability of the load-and-shift test
improved considerably (from moderate to almost perfect). Nevertheless, different
statistics (kappa vs. Intra-class-Correlation Coefficients), different scoring systems
(dichotomous rating (positive yes/no) vs. four point grading scale (0-3) *>and inclusion
of shoulder asymptomatic athletes only?> make comparison across studies difficult.
Finally, reliability of the Gagey test was substantial and PABAK did not affect reliability
much due to a nearly optimal prevalence and low bias between testers. Unfortunately,

there is no other study to compare with.
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289  Although the current study was designed to investigate reliability, and not diagnostic

290  accuracy, the mutual dependency between the individual tests and self-reported

©CoO~NOUTA,WNPE

291  shoulder problems was analysed. It revealed that the tests most often used to

11 292  characterize those with and without self-reported shoulder instability and laxity

14 293  (mutual dependency) proved to be the apprehension, relocation and surprise tests.

16 294  This may indicate a relationship between these tests, which may come as no surprise,
18 295  since these tests are a continuum of the apprehension test and, thus, closely related.’
21 296  Nevertheless, for clinicians it is of interest to specify the clinical characteristics of

23 297  patients with self-reported shoulder problems. Thus, the current prevalence of

25 298  positive tests may mirror these characteristics of the included patients and should be
28 299  takeninto consideration in the management of such musculoskeletal conditions. It is
30 300 recommended to develop and test the clinimetric properties of a more comprehensive
32 301 test battery for evaluating such self-reported shoulder problems. No prior studies were
35 302 found addressing mutual dependency of the current tests for shoulder instability and
37 303 laxity, which hampers comparison.

304 The present study has several limitations. Firstly, the lack of standardized

42 305 measurement of the amount of force exerted by the two testers during especially the
44 306 relocation and sulcus sign test may have limited the current inter-tester reliability.

47 307  Further standardization in both performance and interpretation is therefore needed.
49 308 Also, the current study did not randomize the order of the clinical tests. However, we
51 309 do not believe this to have biased the reliability of the data, since the same order was
54 310  used for both testers.

56 311 Secondly, no valid gold standard for classifying shoulder instability and laxity was used.
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To compensate for this, self-reported confirmation of shoulder-related problems was
applied, but this was not reflected in the current WOSI scores, which were relatively
low. Lack of a more objective gold standard may have decreased diagnostic accuracy,
however not reliability, which was the primary objective of the present study. Also, in
the group with normal shoulders, one individual reported to have had a previous
shoulder injury and three individuals reported subjective shoulder instability, which
does not comply with the inclusion criteria for being regarded as shoulder healthy in
the current study. At the clinical session, a self-reported questionnaire was completed
regarding demographic data and historical information. Apparently, in the baseline
guestionnaire three shoulder healthy individuals answered yes to perceiving instability
in their shoulder and one had had a previous shoulder injury, even though they all had
reported no shoulder trouble during the telephone inclusion interview. However, as
depicted in table 2, WOSI and pain scores in the group with normal shoulders seem
not to be influenced severely by these four individuals. Also, re-calculations of
demographic data and mutual dependency with the revised classification into
affected/normal shoulders did not change the mutual dependency of the most
frequently used tests for classification into affected/normal shoulders, and neither was
kappa and demographics affected (data not shown).

Thirdly, due to a relative short recruitment period besides difficulties in recruiting
subjects with shoulder instability and laxity only thirteen subjects with an affected
shoulder were included. Naturally, this also affected the prevalence of positive and
negative test findings meaning that the prevalence of 0.50, as recommended in

reliability studies,®” in all six tests was not accomplished. However, to overcome this,
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PABAK calculations was used and reported along with kappa, to show transparently
how data would have been with equal distributions of positive and negative test
results. Nevertheless, future studies should use inclusion criteria of more established
shoulder instability and laxity conditions, and, if possible, verified by objective criteria
as surrogate for a gold standard of shoulder instability and laxity. This may optimize
prevalence as well as diagnostic accuracy in studies where this is a further aim.

The strengths of the study are the use of standardized procedures (including blinding
to patient status and the use of a three-phased protocol for conducting reliability
studies). Also, presentation of raw data, using contingency tables, along with kappa
and PABAK values, increases data transparency and improves interpretation of the

reliability study.

Conclusions

This study showed acceptable inter-tester reliability for four of six clinical shoulder
instability and laxity tests in relatively sports active individuals with and without self-
reported shoulder problems. However, relocation and sulcus sign tests need further
standardisation before being recommended for use in clinical practice. Based on the
frequency and mutual dependency of the current tests, especially apprehension and
surprise tests seem important in the characterisation of self-reported shoulder
problems. Future research on the validity of tests for shoulder instability and laxity is

needed.
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Figure legends

Figure 1. Apprehension

Figure 2. Relocation

Figure 3. Surprise

Figure 4. Load and shift — anterior direction
Figure 5. Load and shift — posterior direction
Figure 6. Sulcus sign

Figure 7. Gagey
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