View metadata, citation and similar papers at core.ac.uk brought to you by fCORE

provided by Research Repository

L

—

(L
W

Murdoch

UNIVERSITY

RESEARCH REPOSITORY

This is the author’s final version of the work, as accepted for publication
following peer review but without the publisher’s layout or pagination.
The definitive version is available at:

https://doi.org/10.1016/j.ptsp.2018.04.005

Megller, M., Attermann, J., Myklebust, G., Lind, M., Sgrensen, H., Hebert, J.J., Nielsen,
R.O., Bertelsen, S.L. and Wedderkopp, N. (2018) The inter- and intrarater reliability and
agreement for field-based assessment of scapular control, shoulder range of motion, and
shoulder isometric strength in elite adolescent athletes. Physical Therapy in Sport

http://researchrepository.murdoch.edu.au/id/eprint/40712/

Copyright: © 2018 Elsevier Ltd.
It is posted here for your personal use. No further distribution is permitted.



https://core.ac.uk/display/155236913?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1
https://doi.org/10.1016/j.ptsp.2018.04.005
http://researchrepository.murdoch.edu.au/id/eprint/40712/

Accepted Manuscript =

Physical
herapy

The inter- and intrarater reliability and agreement for field-based assessment of
scapular control, shoulder range of motion, and shoulder isometric strength in elite
adolescent athletes

M. Mgller, J. Attermann, G. Myklebust, M. Lind, H. Sgrensen, J.J. Hebert, R.O.
Nielsen, S.L. Bertelsen, N. Wedderkopp

Pll: S1466-853X(17)30294-8
DOI: 10.1016/j.ptsp.2018.04.005
Reference: YPTSP 874

To appearin:  Physical Therapy in Sport

Received Date: 7 July 2017
Revised Date: 2 March 2018
Accepted Date: 4 April 2018

Please cite this article as: Mgller, M., Attermann, J., Myklebust, G., Lind, M., Sgrensen, H., Hebert, J.J.,
Nielsen, R.O., Bertelsen, S.L., Wedderkopp, N., The inter- and intrarater reliability and agreement for
field-based assessment of scapular control, shoulder range of motion, and shoulder isometric strength in
elite adolescent athletes, Physical Therapy in Sports (2018), doi: 10.1016/j.ptsp.2018.04.005.

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to

our customers we are providing this early version of the manuscript. The manuscript will undergo
copyediting, typesetting, and review of the resulting proof before it is published in its final form. Please
note that during the production process errors may be discovered which could affect the content, and all
legal disclaimers that apply to the journal pertain.


https://doi.org/10.1016/j.ptsp.2018.04.005

TITLE PAGE
Theinter- and intrarater reliability and agreement for field-based assessment of scapular

control, shoulder range of motion, and shoulder isometric strength in elite adolescent athletes

M. Mgller (PT, PhD) (1), J. Attermann (PhD) (2), Byklebust (PT, Professof3), M. Lind
(Professor) (4), H. Sgrensen (PhD) (1), J. J. HEb«2, PHD) (5,6), R. O. Nielsen (PT, PhD) (1),

S. L. Bertelsen (PT) (7), N. Wedderkopp (Profes§®y)

(1) Department of Public Health, Section of SpanieSce, Aarhus University, Aarhus, Denmark.
(2) Department of Public Health, Section for Epida&ogy, Aarhus University, Aarhus, Denmark
(3) Oslo Sports Trauma Research Centre, Norwegin@ of Sport Sciences, Oslo, Norway

(4) Div. of Sportstraumatology, Aarhus Universitpspital, Aarhus, Denmark.

(5) School of Psychology and Exercise Science, cmdJniversity, Murdoch, Western Australia,
Australia

(6) Faculty of Kinesiology, University of New Brumik, Fredericton, New Brunswick, Canada
(7) VIA University College, Aarhus, Denmark

(8) Sport Medicine Clinic, Orthopaedic dep. HoslpataLillebaelt, Institute of Regional Health
Service Research and Centre for Research in Cluttikigalth, IOB, University of Southern

Denmark, Odense, Denmark.

Corresponding Author: Merete Mgller, PT, PhD, Dejpaent of Public Health, Section of Sport
Science, Aarhus University, 8000 Aarhus C, Dennibek.+45 23367027, Faxdlone, E-mail:

memoller@health.sdu.dk




ACKNOWLEDGEMENTS

The authors are grateful to all the players andesits for their participation in this study. Also,
thank The Danish Rheumatism Association and Chinoffor their generous support of this study.

The funders had no role in the conduct of the stddta analysis, or reporting of the results.



10

11

12

13

14

15
16

17

18

ANONYMOUS TITLE PAGE
The inter- and intrarater reliability and agreement for field-based assessment of
scapular control, shoulder range of motion, and shdder isometric strength in elite

youth athletes



19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

ABSTRACT

Objectives: To investigate the intra- and interrater reliapiand agreement for field-based
assessment of scapular control, shoulder rangeotdbm(ROM), and shoulder isometric
strength in elite youth athletes.

Design: Test-retest reliability and agreement study.

Setting: Eight blinded raters (two for each assessmentgsasdeplayers on field during two
testing sessions separated by one week.

Participants: 162 elite youth handball players with or withoutistory of previous shoulder
pain within the preceding six months.

Main Outcome Measures. Kappa ) and prevalence-adjusted bias-adjusted kappa (FKABA
coefficients for scapular control reliability, aB8% limits of agreement (LOA) for ROM and
strength agreement.

Results: Scapular control demonstrated substantial to alp@dect reliability € 0.67 to

0.84, PABAK from 0.68 to 0.88). Mean strength valuanged from 0.9N/kg to 1.6N/kg, and
LOAs ranged from -0.7N/kg to 0.8N/kg. Rotationaksgth revealed additionally systematic
bias between and within rater. No or acceptableesyatic bias were evident for ROM and
abduction strength measures. Mean values and LOAR®M ranged between 39.8®

52.3, and from -12.6to 9.9, respectively.

Conclusions: Scapular control and ROM can be assessed on thenfith acceptable
reliability. The threshold for reliable measurenseot isometric strength using handheld-

dynamometers is high.

High Lights:
» Scapular control and ROM can be assessed with ttitepeliability in a field-based

setting.
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* Risk of injury threshold for ROM differences musteed 5° to exceed measurement

error.

» Using hand-held dynamometer for strength assessmshotild be used with caution.

Key words: Handball, hand-held dynamometer, inclinaneter, scapular dyskinesis
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INTRODUCTION

Sports that require repetitive overhead movemedatsep athletes at high risk for shoulder
injury’. Consequently, identifying risk factors is impaitéor injury prevention in spdit
Previous studies have identified several modifiaisle factors for a shoulder injury in
overhead athletes; such as limited dominant shoutternal rotation range of motion
(ROM)*®, decreased shoulder external rotation and abdustiengtft’, and lack of scapular
controf. However, little is known about the reliability thfe physical examination
procedures used to measure these factors in §mrability is essential to the clinical utility
of a shoulder assessment procedure as well asatmuesearch, because if the assessments
have large measurement error, it may be hard tbdmassociation between the shoulder
assessment and future development of shoulderasjur cohort studies, or to measure the
effect of treatment or training over time.

Previous studiés™ investigating the inter- and intrareliability diculder test outcomes in
overhead athletes have reported conflicting fingjiwgth intraclass correlation coefficients
(ICC) ranging from 0.13to 0.99"*2and kappax() coefficients ranging from 0.68to 0.61°.
While methodological issues likely account for soradation in reliability outcomé&™,
study limitations constrain the interpretationleé$e results. Common shortcomings include
the investigation of small cohorts, and inadeqstdéstical analyses (not supporting ICC
reliability coefficients with agreements estimatédpreover, no other studies have
investigated the reliability of both ROM, scaputantrol, rotational and abduction strength
in the same athlete study population. Finally, waitty one exceptiofy all previous studies
have, to the best of our knowledge, been perforimedntrolled environments i.e. separate
rooms which are contrary to the common field-bassbssment of athletes.

Therefore, the purpose of the present study was/astigate the intra- and interrater

reliability of field-based shoulder testing in argae of elite youth handball players.
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METHODS

Participants

We recruited elite handball players aged 14 toda&fyfrom five colleges specialized in
handball. We excluded players if they reportedsaony of (a) previous shoulder surgery, (b)
previous glenohumeral dislocation, or (c) glenaiorum tear, (d) rotator cuff tear, or (e)
fracture in the shoulder region within the past@iths, as well as (f) those who experienced
pain during assessment procedures.

All participants provided a signed informed condegfore study enrolment.

Raters and pilot studies

We recruited eight final year physiotherapy studétwo for each shoulder assessment) with
no prior experience in performing the assessmepadicipants. All raters underwent
approximately two hours of training in the testprgcedures as part of two pilot studies. The
first pilot study was performed using twenty physarapy students as participants. In this
study, we evaluated and refined the test protcaadsthe feasibility of the procedures based
on qualitative feedback from participants as welaa experienced research physiotherapist.
In a second pilot study with forty-five handbalapérs aged 14 to 18 years, the raters further

refined and evaluated the procedure and the ird@t&{pon of test results.

Procedures

All participants attended two testing sessions spd by one week. We performed the
testing procedures in rooms or corners availabtberparticipant’s own fields before or

during a training practice. The same room or cowees used for each testing session, and the
second test session was performed at the exactdayred the week and time of the day as

the first test session. All testing procedures tadge finished within 1.5 — 2 hours which
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gave each rater a short time-frame to perform eashssment. Furthermore, the raters
performed the assessments with other players arasiaddisturbing factor.

During data collection, participants rotated betwérir different test stations in random
order. Each station involved assessments of gjff)escapular control, (2) shoulder internal
and external rotational isometric strength (3) s$theuinternal and external rotational ROM
or (4) isometric abduction strength. Scapular airgssessment was only evaluated at the
first testing session. Two repetitions of each R&M strength test were performed at each
testing session. A practice repetition was firstqgrened to familiarize the participant with
the measurement procedure. Raters were blinddxetother raters’ results and participants’
arm dominance. Additional details of the testinggedures are included as part of online
Supplementary Appendix 1.

As a part of the first test session, all particisaanswered a baseline questionnaire that

established their arm dominance and weight.

Scapular control

The participants performed five repetitions of &hioulder flexion and abduction while
holding either a 3 kg (for male) or 2 kg (for femghand weight. Girls were only allowed to
wear normal bra, and not sports bras. Scapularnmgsis was defined as the presence of
either winging or dysrhythmia as described by Mc€let al*®

Each shoulder was evaluated independently andfataisas (a) normal scapular control (the
scapula is stable with minimal motion during thiéiah 30 degree to 60 degree
humerothoracic elevation, then smoothly and cowtirsly rotates upward during elevation
and smoothly and continuously rotates downwardnguiumeral lowering. No evidence of
winging is present’), (b) subtle scapular dyskinesis (mild or questida evidence of either
dysrhythmia or winging, not consistently pres&hor (c) obvious dyskinesis (striking,

clearly apparent abnormality like dysrhythmias amging of 2.54 or greater displacement of
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scapular from thorax, evident on at least 3/54taturing shoulder flexion and abduction
movements. The final evaluation of scapular contrad based on combined flexion and
abduction test movements as described by Mc@uet™>. If both motions were rated as
normal or subtle, the final rating was normal. dtio motions were rated as subtle dyskinesis,
the final rating was subtle dyskinesis, and if @itmotion was rated as obvious dyskinesis,

the rating was obvious dyskinesis.

Internal and external range of motion

The ROM test protocol was based on a procedureitiedopreviously. We measured
shoulder internal and external ROM using a singgéal inclinometer (Pro 3600 Digital
Protactor, Level developments) with the participsuptine on a portable table and the
shoulder abducted to 90°, and the elbow flexedfo A ruler was taped to the inclinometer
to ensure correct placement at the midpoint betweeniinar styloid and olecranon. A folded
towel was placed under the distal humerus to erdigement of the upper arm in the frontal
plane. The rater palpated the coracoid procedseahtvolved scapula and rotated the
participant’s shoulder to end range. End rangenateand external ROM was defined as the
point at which the coracoid process was felt to enloveither anterior direction (internal
rotation) or posterior/superior direction (exterrathtion). The rater stabilized the shoulder
in this position by placing their medial forearrhegtarm closest to the examination table) on
the participant’s upper arm and exerting downwagesggure while gripping the participant’s

forearm® (Appendix 1).

Isometric internal and external strength

Maximum isometric internal and external rotatios@éngth was assessed using a handheld
dynamometer (Command&rMuscle Tester, JTECHmedical) and from a modifiecsion

of the protocol reported by Hurd et*l Participants were positioned supine with their

shoulder abducted to 90° and in neutral rotatiod, @lbow flexed to 90°. A strap was placed

7
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across the participant’s anterior pelvis alongahterior superior iliac spines to fixate the
lower trunk to the table.

The raters used both arms, which were straighfléxeon at the elbow) to avoid counter
pressure, and placed their folded hands aroundrttegior (internal rotation) or posterior
(external rotation) part of the wrist. The dynameéenavas strapped around the fingers on the
medial hand so that they could use the lateral basthbilize the equipment at its correct
placement on the wrist as shown in Appendix 1. fdicipant was instructed to maintain a

maximal contraction against the dynamometer fagcords.

Abduction strength

Shoulder maximum isometric abduction strength weafopmed with the participant in the
‘full-can’ supraspinatus test position as describgdReinold et at”. A 30-degreangle was
marked on the floor with tape to align the partacips shoulder in the plane of the scapula.
Their shoulder was positioned in°@@ abduction using a goniometer, with the thumb
pointing upwards and with the arms in the scappiiane position. The rater was seated in a
chair with arms elevated and extended at the elBolandheld dynamometer
(Commandet Muscle Tester, JTECHmedical) was positioned 1 ooximal from the line

of the radiocarpal joint (Appendix 1). The partai was instructed to exert a maximal
contraction against the dynamometer and rater whaimtaining a maximum contraction for

5 seconds.

Statistical analysis

All statistical analyses were conducted in Statasiva 14.1 software (StataCorp, College
Station, TX, USA). We calculated means and standawhtions across participants and
raters for all dependent continuous variables basdtie first test session, which was applied

as normative reference values. Isometric strength id presented in newton (N), and N
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normalized to body weight (N/kg). In addition tethbsolute ROM measures, we calculated
the difference between the dominant and non-domizam.

We estimated the intertester reliability of scaptdatrol with Cohen’s kappa coefficients.(
To assist the interpretation ©foutcomes, we also calculated indices of prevalancebias

and prevalence-adjusted bias-adjusted kappa cieeffic(PABAK)®. Benchmarks suggested
by Landis and KocH were used to interpret theand PABAK outcomes (>0.81, almost
perfect; 0.61 to 0.80, substantial; 0.41 to 0.60¢denate; 0.21 to 0.40, fair; 0.00 to 0.20,
slight; and <0.00, poor).

We calculated the reliability and agreement caloaa for continuous measures in two
ways. Preferably, we wanted to use a similar agr@a recommended by Hayen et’aas
this allows us to assess inter- and intraratealéity simultaneously, and take the repeated
measures of our design into account. In this ambroae analyzed differences using a mixed
two-way analyses of variance (ANOVA) for repeateglisurements. Rater and period were
entered as fixed effects, and the following wereesd as random effects: participant x rater,
participant x period and residuals. Based on thi@rmee components, we calculated Bland
and Altman bias and 95% limits of agreement (LOw@jistics and ICCs for the following
comparisons: 1) within the same rater and day,i@j)invthe same rater on different days, and
3) within the same day and between different ratessmulas can be found in supplementary
material as Appendix 2. However, the applied diaibmodel assumes no systematic
differences between the rater’s two repeated measnts within a day, which was not the
case for all the strength measures in our studytHese assessments, we, therefore,
calculated LOA"*and ICC based on the mean between each rater'sepeated
measurements for the inter- and intrareliabilityween days. ICCs were calculated using a
two-way mixed absolute agreement model (ICC%, Benchmarks suggested by Fleis were

used to interpret ICC outcomes: (a) >0.90 = exntleliability; (b) 0.80 to 0.89 = good; (c)
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0.70 to 0.79 = moderate; and finally (d) <0.70 w ieliability **. LOAs were interpreted as
the minimal detectable change (MBC)

The number of participants included in our analyss based on the formula for limits of
agreement described by Bland & Altm&nN= (2*1.96*s/w)"2 , where s is the standard
deviation and w the width of the LOAs. We only apglthis calculation for the ROM
procedures. SD was set to be 11 based on a study@M on badminton playef$ Since
the inclinometers are very sensitive we set ouepiable LOA to 5. Based on these

assumptions, we therefore required 74 playersdoh gender.

RESULTS

We enrolled 162 participants (82 girls) in the stushd the number of participants included
in the analyses for each assessment for the dotrananis listed in Figure 1. The
demographic characteristics of the sample are ptedeén Table 1. Normative reference
values for ROM and strength measurements are gegsanthe Supplementary material as

Appendix 3.

(Please place Figure 1 and Table 1 around here)

Scapular control

The intertester reliabilities of scapular contreé@ssments are presented in Table 2. The
raters' individual results for the final combinedimg are found in Supplementary material as
Appendix 4. The results demonstrated substaxtalefficients (range 0.59 to 0.96) except
for abduction movements for the non-dominant arimctvrevealed moderatecoefficients

of 0.47 to 0.49. PABAK agreement ranged betwe68 Gnd 0.80. Based on both raters’

10
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assessments, the prevalence proportion of obviasutar dyskinesis in the dominant arm
was 10% for girls and 39% for boys. For the non-oh@mt arm, the prevalence proportion
was 21% for the girls and 39% for the boys (Apprri We estimated the indices of
prevalence and bidfor the girls dominant arm to -0.80 and -0.02pessively, and for the
boys dominant arm to -0.21 and 3.91, respectiay.the non-dominant arm, we estimated
the indices of prevalence and bias for the girlt67 and 0.04, and for the boys to -0.19 and

0 (Appendix 4).

(Please place Table 2 around here)

Range of motion

Reliability and agreement results for ROM assess$srmae summarized in Table 3. Rater 1
systematically measured some degrees lower thar Rat 6 out of 8 (6/8) measurements.
Intrareliability between days revealed systemaits lof approximately 1° in 4/8
measurements. For both internal and external rahgetion, we found the narrowest LOAs
within the same rater compared to between ratesanements, in which external rotation
revealed the widest LOAs. The systematic differermsween raters decreased when
looking at the difference between dominant and dominant calculations compared to the
absolute values, but the LOAs were approximatedysdime except for the intrarater
measurements within day, which revealed wider LOMsan values ranged between 39.9°

and 52.3° (Appendix 3).

(Please place Table 3 around here)
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Isometric rotational strength

Rater 3 was the only rater who in 9/16 assessnmaatdetween-day bias. Between rater
assessments demonstrated systematic bias in @lass¢éssments. Intra- and interrater LOAS
were approximately the same ranging from -0.5 N&k@.9 N/kg (Table 4). Mean values

ranged between 1.3 N/kg and 1.6 N/kg (Appendix 3).

Abduction strength
One significant difference was found in the inttarassessments and none between raters.
LOAs ranged from -0.4 N/Kg to 0.4 N/Kg (Table 4damean values from 0.9 N/kg to 1.2

N/kg (Appendix 3).

(Please place Table 4 around here)

DISCUSSION

The present study is the first to establish thabdity and agreement of scapular control, and
shoulder ROM and strength assessments in the sageedtudy population in field-based

conditions.

Scapular control

We identified greatex values (0.67 to 0.84) than those presented inque\studiesy =
0.55 to 0.58)>. In our study, all boys performed the assessmeititsa 3-kg dumbbell and
all the girls with a 2-kg dumbbell, which is sligghhigher weights than described by
McClure et al’®, In addition, McClure et al. based the choicewhtibell on body weight
and not on gender, which may have influenced timepeawison of the two study results.
There were slight differences betweenithend PABAK values, which indicate that the

values were influenced by either bias or the peawed of obvious dyskinesis. The prevalence

12



284  of obvious scapular dyskinesis in the dominant Bmnthe girls was only 10%. This number
285 is much lower in what we found in our cohort stG8ysing the same procedure as described
286 in this study. Here the prevalence proportion f@r dominant arm in girls was 30% (results
287 not published). It is likely that the low prevalengroportion has influenced our results for
288 the girls as the prevalence influence the expeatedement by chance.

289 It has been argued that scapular control shoultidi®tomized (e.g., absent or present)

290 rather than categorized (normal control, slightiityssis, obvious dyskinesf&) Our findings
291 demonstrate that dichotomization increases in@ragreement when compared to three-
292 option categorization. Consequently, dichotomizabbscapular control into normal

293 (normal+subtle dyskinesis) or obvious dyskinesiy tmamore suitable for research and

294  applicable for clinical use.

295 Range of motion

296 No clinically relevant systematic error (bias) videntified for intrarater agreements (the
297 difference was 1° or below). Intrarater LOAs betweéays ranged from -8.4° to 9.9°, which
298 means that almost 10°s change is required to bec@s€4in that the change between the
299 measurements is not due to variability of measuremeor if the same rater repeats the
300 measurement. Interrater agreements revealed systeamar (bias) of between 3.6° and
301 6.7°s, and slightly higher LOAs for particularlytesnal rotation.

302 Injury risk factor studies have included differea@e shoulder ROM between dominant and
303 non-dominant arms as a potential predictor of infft Our results demonstrate that using
304 this calculation reduced the amount of systematir én the inter-rater assessments;

305 however, based on the LOA, a 10°s change is stjllired to be sure a change in the

306 measurement is not due to measurement error. lblaéin5°s change in Total ROM has
307 been reported to be associated with reduced oddhémlder injury [Odds Ratio (OR) :0.77

308 (95% CI 0.56 to 0.9953] Thus, it can be argued that 5°s represent aalifhportant

13
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change. Unfortunately, the study by Clarsen etraly reports ICCs and not LOAs as
reliability measures. However, according to oudgfla difference of 5°s may be a low
threshold for a clinical change as there is a neasle chance that this is due to measurement
error.

In previous reliability studies of passive ROM weohead athletes, only one study undertook
analyses beyond the calculation of ICCs. Boon.Bteported MDC values ranging from
18.23 to 27.58 for intrarater reliability and 22.240 25.27 for inter-rater reliability, which
are considerably higher than our LOA estimates. él@x, they also reported greater
absolute rotational maximum values than ours, whitécts the MDE". These

dissimilarities may be explained by differencesi@asurement technique and instruments as
Boon et al. used a goniometer to measure shouldd,Rvhile we used a digital

inclinometef*.

Rotational strength

We identified significant systematic errors in I@Hssessments in the interrater analysis, and
in 9/16 measurements in the intrarater analysisdi@r 3, whereas rater 4 did not
demonstrate any significant systematic errors.

Limits of agreements for the rotational strengtraswges without systematic differences
demonstrated an individual range in both intermal external rotation (-48 N to 51 N). This
is approximately 42% — 56% of the estimated me#areace values. In addition, it is more
than 5 times higher than 10 N, which can be argaedpresent the minimal clinically
important difference, as Clarsen et al. have reypoat29% reduced odds [OR:0.71 (95% CI
0.44 to 0.99)] for substantial shoulder problem &N increase in external rotational
strengti. Clarsen et al. performed this test differentlyhathe arm at 0 °s of abductidn

which might have an influence on the clinical imjpoice value, but still given the high

14
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LOAs it is extremely difficult to estimate an adtehnical difference using this approach in
youth handball.

Fieseler et al! is to our knowledge the only other study which ima®stigated the isometric
intrarater reliability of internal and externalatibn using HHD between 7 days. They report
LOAs ranging from -17.0 N to 19.4 N for internatation and -18 N to 15 N for external
rotation in the throwing arm, which are narrowerAsthan the LOAs reported in our study,
but still aimost twice as high as what might bedlieical relevant differencé. A possible
explanation of these dissimilarities may be thahlws our raters were female, who had
trouble holding the position when testing somehef$trong males, as demonstrated by the
systematic bias for primary male assessments. ique study has argued that when the
strength of the muscle group being tested excdwdsapacity of the assessor to hold against
or stabilize the assessed person, the force mebsult@epresent the limitations of the rater
and not the strength of the assessed subjéetzind held dynamometry is easy to apply, but
the test procedures have to be improved so thah#ssurements do not rely on the strength
of the rater. A possible solution might be to aitétee HHD to a suction cufd. We,

therefore, modified our procedures to include exdEbelt-fixation, and re-evaluated it in a
small sample of 17 male u-18 handball playér§his approach narrowed the LOA by up
50% compared to the intrareliability results preéednn this paper, which indicate, that this
could be an applicable and reliable approach tdarsield-based assessments of rotational

strength. However, it has to be further investigatea larger sample.
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Abduction strength

No significant differences existed between the taters and within raters in their
measurement of abduction strength. Still, the MD&enaround 0.4 N/kg in the worst cases,
which is high according to mean values ranging betw0.9 N/kg to 1.2 N/kg.

Normalizing the N values to weight changed somiefreliability results slightly in both the
rotational and abduction strength measurementshdVe presented both measures to be able
to compare N outcomes with previous studies argtduide the reliability results for the
normative values normalized to weight (AppendixvBjch is the advised strength measure
to use in risk factor studies of overhead athf8tes

The only other study investigating the reliabilitfyabduction strength is also the only study
besides ours assessing reliability measures ait-fighfortunately, they only report ICC,
which makes comparisons difficult. One could spatauthat the reason for the wide LOAS in
both abduction and rotational strength is the tesfuflactors within the player such as the
players' motivation or fatigue, as other agreemsardies from other populations also
demonstrate relatively large MDC using a HA®). In our study, the players rotated between
several test stations and it is possible thatitifisenced the players’ motivation and fatigue.
However, a previous study investigating the religbof abduction strength conclude that a
strength gain is more reliable to use than a HHEabse it has the advantage of having the
participant to pull up against a plate that is itedal by his body weight instead of relying on
the strength of the assessdrhus, eliminating the random errors from thens®y attaching
the HHD to a suction cup instead of using the r&@ms>® might improve our results. As

for the rotational strength procedures, we, theegfmodified our abduction strength
procedures to include external belt-fixation, agetvaluated it in the same sample as
described abov&. Again, this approach narrowed the LOA by up 5@hpared to our

intrareliability results presented in this paper avas much easier to perform for the
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physiotherapist. The reliability of this procedinas to be further established due to the small

sample size in that studly

Statistical approach

Unfortunately, very few reproducibility studiesamerhead sport have reported other
reliability values than ICC. It has been argiiédthat ICC is a poor estimate to solely
conclude on because high ICC does not necessagy iinat a test is reliable as well as low
ICC does not necessarily mean that a test is abielf. In situations with a homogeneous
sample in which there is little variability amonggects’ scores, it is difficult to obtain a
high ICC despite low measurement error, whereas B¢ may be reported in a more
heterogeneous sample with greater variation betwabjects’ scores in which the ICC will
be scarcely affected by measurement étrésolute reliability measures as SEM, LOA or
MDC are much easier to interpret and more applecédn the clinicians in the field as they
reflect the agreement and error in the relevantevaf the measurement. Our results are a
good example of how conclusions based solely orsIC be misleading (Table 3 & 4).
Intraclass correlation coefficients for the stréngteasurements demonstrated substantial and
almost perfect reliability but the poorest agreetsenwhereas the ROM measurements
revealed poor reliability based on the ICCs buteramceptable LOAs and no or small
systematic difference for particularly intrarategasures.

Another drawback to the use of ICC and compariswéen studies is that of the mentioned
seven reliability studies in overhead spdit***%3*>*only two studie$'? have stated the
statistical ICC model they have applied. In oudgtwe aimed to include all measurements
of each rater in the ANOVA analy&fswhich we believe gives a more accurate picturtaef
reliability and measurement errors. However, theeri model assumes no systematic
differences between the rater’s two repeated measnts within the day, which was not

fulfilled for all the strength measures in our stu@/e, therefore, had to use the mean of the
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measurement$ which improves reliability estimates comparedhose derived from single
measuréeS. In future studies, the applied ANOVA statistioabdel can be extended to

accommodate for within day systematic differences.

Limitations

In a clinical setting, or in studies seeking taaefish modifiable non-participating risk factors
for shoulder injuries, it is often only possibletést players in a short time-frame before or
during training sessions in rooms or corners akblan that particular field, and with players
around as a disturbing factor. The primary studsrgjth was the pragmatic measurement
approach that reflected the real-world applicattbns enhancing external validity of the
results. However, due to the short time framedstihg, the observers did not manage to test
all players in all the tests. For abduction strbrayid scapula control, rater 5, 6 and 8 were
absent from one test day. The smaller study safopldese particular assessments may have
influenced the results.

Furthermore, these results are based on only tw@oaters. We recruited novice
physiotherapists mainly due to practical and ecanseasons, however, this also reflects the
“real-world” scenario in youth handball as very fgauth handball teams have an
experienced physical therapist connected. Neveskethis limits the generalizability of our
results. Larger studies including several ratermrag them, more experienced raters should

be conducted before conclusive clinical recommaadatcan be made.

Clinical relevance

Scapular control, range of motion and isometriergjth measures have all been used to
identify risk factors for shoulder injuries in spdt, and are used in clinical practice to
measure the effect of treatment or training owaetiOur results highlight the importance of
taking the measurement error for continuous measaote account when interpreting results

in risk factor studies and clinical practice. Suochasurement errors may explain why it has
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been difficult to define a cut point in which canibus variables are translated into a
dichotomous risk factor that can distinguish whethplayer is at increased risk or fdtlt
should further be emphasized that clinicians ersabheed to be trained before using these
tests in practice, and it is recommended thatains and raters routinely perform intra- and

interrater agreement tests to reduce the measutemers.

CONCLUSIONS

Scapular control can be assessed in elite youtetashwith acceptable reliability in a field-
based setting. Shoulder range of motion can bessasdavith acceptable intrareliability
within day. However, intrareliability between daasd interreliability demonstrated greater
levels of measurement error. This emphasizestieatisk of injury threshold for ROM
differences used in risk factor studies must exéeedcommonly use of 5 degrees to ensure
observed changes are not due to measurement error.

Using hand-held dynamometer for isometric shoutdtation and abduction strength
assessments should be used with caution due tahmgshold for reliable measures, and
future studies should investigate new proceduresdasure shoulder isometric strength

measures in athletes.
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TABLESAND FIGURES

Table 1. Demogr aphics of study population by sex

Female Male
(n=82) (n=80)
Shoulder injury within the previous 6 months

Yes n (%) 30 (37) 19 (24)

No n (%) 52 (63) 61 (37)
Age Group

Ul6 n (%) 43 (52) 46 (57)

Ui8 n (%) 39 (48) 34 (33)
Dominant arm

Rigth arm n (%) 67 (82) 62 (78)

Leftarm n (%) 15 (18) 18 (22)
Player position * *

Back players n (%) 38 (47) 30 (38)

Wing players n (%) 18 (22) 28 (35)

Line players n (%) 14 (17) 11 (14)

Goal keepers n (%) 11 (14) 10 (13)
Mean age, years (sd) 16.38 (0.97)* 16.22 (1.16)*
Mean height, cm (sd) 1.73 (0.05) 1.83 (0.07)
Mean weight, kg (sd) 67.95 (8.06) 76.28 (11.65)
Mean years handball experience (sd) 9.52 (2.60)* 39 8.46)
Mean hours weekly handball training (sd) 9.73 (.78 8.31(1.97) t

* 1 missing t 2 missing

Table 2. Interreliability of scapular control for elite youth handball players by sex

Test Sex Agreement (%) KAPPA PABAK
Dominant arm

Flexion Female (n=56) 87.50 0.62 0.75
Flexion Male (n=69) 89.86 0.73 0.80
Abduction Female (n=56) 89.29 0.60 0.79
Abduction Male (n=69) 85.29 0.64 0.71
Scapular control categorized Female (n=56) 84.06 70 0. 0.80
Scapular control categorized Male (n=69) 90.18 0.67 0.68
Scapular control dichotomized Female | (n=56) 98.21 0.90 0.96
Scapular control dichotomized Male (n=69) 85.51 0.70 0.71
Non-dominant arm

Flexion Female (n=56) 89.29 0.74 0.79
Flexion Male (n=70) 90.71 0.77 0.81
Abduction Female (n=56) 85.71 0.49 0.71
Abduction Male (n=70) 79.71 0.47 0.59
Scapular control categorized Female (n=56) 93.75 0.84 0.88
Scapular control categorized Male (n=70) 84.06 0.67 0.76
Scapular control dichotomized Female (n=56) 96.43 0.89 0.93
Scapular control dichotomized Male (n=70) 90.00 0.79 0.80

PABAK= prevalence and bias adjusted kappa. Scapolatrol categorized = scapular control categorized
into (a) normal, (b) subtle, or (c) obvious dyskiisg25]. Scapular control dichotomized = scapatantrol
dichotomized into (a) normal (normal + subtle)(loy obvious dyskinesis.



Table 3. Within-day and between-day rater reliability of internal and external rotational range of motion for elite youth handball players by sex

Assessments  Sex Within-day Within-day Between-day

Same Rater Between Rater Same Rater

LOA ICC Bias (95% CI) LOA ICC Bias (95% CI) LOA ICC
Dominant arm
External {’) Female (n=80) -40t04.0 0.82 -5.0 (-5.8t@y4. -125t02.4  0.36* -0.7 (1.4 t0 0.0) -7.6t@6 0.46
External f’) Male (n=80) -43t04.3 0.85 -3.6 (-(4.6t0-2.7) -12.2t05.0 0.44* 1.1 (0.1t02.2) -7.6t09.9 4.
Internal (’) Female (n=80) -3.3t03.3 0.82 -0.4 (-1.0t00.3) -6.3t05.6 0.40 -0.9 (-1.5t0-0.3) -6.8t0 5.0 0.42*
Internal (’) Male (n=77) -3.1t03.1 0.87 -0.3(-1.0t00.4) 6.9-t06.3 0.45 -0.0 (-0.8 t0 0.8) -6.7t0 6.7 0.4
Non-dominant arm
External f’) Female (n=80) -4.1t04.1 0.81 -6.7 (-7.5t@)5. -14.3t00.8  0.35* -0.3 (-1.1t0 0.4) -7.3t66 0.46
External {’) Male (n=75) -43t04.3 0.84 -4.1 (-5.0t0-3.2) -12.6t04.3 0.40* 1.0 (0.1t0 2.0) -7.0t09.1 45
Internal (’) Female (n=80) -3.2t03.2 0.88 -2.1(-2.9to)1.4 -8.9t04.7 0.47* -1.2 (-2.0t0 -0.4) -8.4t®6. 0.41*
Internal (’) Male (n=77) -3.5t03.5 0.87 -1.6 (-2.4t0-0.8) -9.0t0 5.7 0.40% -0.2 (-1.0t0 0.6) -7.1t06.8 .4®
Difference dominant and non-dominant arm
External {’) Female (n=80) -5.5t05.5 0.79 16(0.6t02.7) -8.4tol1ll.6 0.49* -0.3 (-1.2t0 0.6) -8.8t0 8.3 0.30
External {’) Male (n=80) -6.0t06.0 0.75 0.6 (-0.4t0 1.6) .0-80 10.2 0.36 -0.1 (-1.1t0 1.0) -95t09.4 8.3
Internal (’) Female (n=78) -4.7t04.7 0.83 1.7(0.8t02.6) 7.0{0104 0.41* 0.4 (-0.6t0 1.3) -8.4t09.1 4D.
Internal E) Male (n=75) -49t04.9 0.84 1.2 (0.2t0 2.3) 3-th 10.7 0.44* 0.0(-1,0t01.2) -9.1t09.2 0.40

LOA = 95% Limits of agreement, Cl = Confidence mtd, ICC = Intra Class Correlation, * Significamatier effect



Table 4. Within-day and between-day reliability of abduction strength and internal and external rotational shoulder strength for elite youth handball players by

sex
Test Sex Within-day Between Rater Between-dayn&SRater

Bias (95% ClI) LOA ICC Bias (95% ClI) LOA ICC id (95% CI) LOA ICC
Rotational strenght dominant arm Rater 3 Rater 4
Ext(N/kg) Female 0.0 (-0.1t0 0.1) -0.5t0 0.5 0.68 e010(to 0.2) -0.5t00.7 0.49 -0.0 (-0.2t0 0.1) 0.6-t0 0.5 0.50
Ext(Nkg) Male 0.1(0.0t00.2) -0.5t00.7 0.71* 0.1.0-@ 0.2) -0.5t0 0.7 0.66 0.1(-0.0t0 0.2) mD.7 0.62
Int (N/kg) Female 0.1(0.0t00.2) -0.5t00.7 0.65* 0aLq to 0.2) -0.5t0 0.6 0.66 -0.0 (-0.1 t0 0.0) 0.6-t0 0.5 0.55
Int (N/kg) Male 0.3(0.2t00.3) -0.4t00.9 0.76* 0.21(6 0.3) -0.4t00.8 0.76* -0.0(-0.1t00.1) 7@ 0.7 0.55
Ext (N) Female 0.9(-3.9t05.7) -34.41036.2 0.64 (265 to 13.8) -35.7t046.9 0.42 -1.8(-9.91®)6 -38.9t035.3 0.49
Ext (N) Male 6.9 (0.1t0 13.7) -42.3t056.1 0.73* 828 to0 19.2) -37.3t053.7 0.74 7.6 (-2.3t06)7. -36.0t051.3 0.70
Int (N) Female 6.9 (2.41t011.3) -31.1t0 44.8 0.65* 0 (51.6to 11.6) -32.1t042.1 0.66 -3.2 (-9.218) -37.3t030.8 0.52
Int (N) Male 19.6 (13.9t0 25.2) -27.2t066.4 0.78* 1@.3t021.9) -30.4t056.6 0.79* 0.1 (-9.®t8) -48.0t0 48.2 0.60
Rotational strenght non- dominant arm
Ext(N/kg) Female -0.0 (-0.6 to 0.6) -0.5t0 0.5 0.75 (0.0t0 0.2) -0.3t0 0.5 0.74* 0.0(-0.1t00.1) 0.4t0c0.4 0.71
Ext(N/kg) Male 0.2(0.1t00.2) -0.4t00.7 0.75* 0.10( 0.2) -0.3t0 0.5 0.79* -0.0(-0.1t00.1) 4@ 0.4 0.70
Int (N/kg)  Female 0.0 (-0.0t0 0.2) -0.5t0 0.6 0.70 0.0 0 0.2) -0.4t0 0.6 0.73* -0.1(-0.1t00.0) 0.5t0 0.4 0.62
Int (N/kg) Male 0.2(0.1t00.3) -0.4t00.9 0.75* 0.20( 0.3) -0.5t00.8 0.76* 0.0(-0.1t00.1) 6®0.6 0.62
Ext (N) Female -0.2 (-4.0 to 3.6) -30.6t030.3 0.72 1(6.9t0 11.4) -21.6t033.8 0.71* 2.7 (-2.2 t6)7 -23.8t029.2 0.70
Ext (N) Male 11.4 (6.6 to 16.1) -24.3t047.0 0.81* @%b to 14.2) -22.8t037.6 0.83* -3.5 (-11.04t6) -36.6t029.6 0.82
Int (N) Female 1.8 (-2.3t05.8) -32.6t036.2 0.68 (8051 to 11.2) -25.7t036.8 0.70 -3.5(-8.819)1 -34.3t027.3 0.60
Int (N) Male 16.2 (10.3 t0 22.0) -33.1t065.4 0.77* Bl@.21t020.8) -36.2t059.2 0.78* 2.2 (-6.2L@6) -42.1t046.6 0.70
Abduction strenght dominant arm Rater 5 Rater 6
(N/kg) Female -0.0 (-0.0 t0 0.0) -0.3t00.3 0.84 (6000 to 0.1) -0.3t00.3 0.59 0.0(-0.1t00.1) 0.3-t0 0.3 0.78
(N/kg) Male -0.0 (-0.0t0 0.0) -0.4t00.3 0.82 00.1-t0 0.1) -0.4t00.4 0.67 0.0(-0.0t00.1) 3Wm0.4 0.73
(N) Female 0.0 (-2.51t0 2.6) -17.4t0 175 0.47 (12% to 6.4) -17.8t0 21.7 0.55 0.7 (-3.810)5.1 -18.8t020.1 0.80
(N) Male -0.3 (-3.7t0 3.1) -28.1t027.5 0.84 ¢t®3t09.1) -31.4t035.2 0.68 3.0(-2.2t108.3) -25.5t031.5 0.88
Abduction strenght non-dominant arm
(N/kg) Female 0.0 (-0.0t0 0.1) -0.2t00.3 0.84 0.0(¢00.1) -0.3t0 0.4 0.71* 00(-01t00.1) .3@04 0.61
(N/kg) Male -0.0 (-0.1t0 0.0) -0.4t00.4 0.79 0.0(t» 0.1) -0.2t00.3 0.61 -0.0(-0.1t00.1) 4-m0.4 0.72
(N) Female 1.5(-0.9t0 3.9) -15.4t0 185 0.77 (4.9t08.4) -13.1t021.8 0.67 -0.2 (-5.0t0)4.6 -23.5t023.1 0.51
(N) Male -1.5 (-5.1t0 2.1) -29.81t0 26.8 0.87 @361t0 11.0) -31.0t036.3 0.66 -0.2 (-6.31#)5. -32.81032.3 0.74

LOA = 95% Limits of agreement, Cl = Confidence ined, ICC = Intra Class Correlation, Ext = Extdrriat = Internal, Ext dif = difference between diont and

non-dominant arm in external rotation, Int dif #felience between dominant and non-dominant armtarmal rotation *Significant rater effect.
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+ External Male (n=1)
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Rotational strength
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+ External Female (n=19)

+ External Male (n=1)
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+ Rater3 Female (n=8)

+ Rater4 Male (n=3)

+ Rater3 Female (n=3)

+ Rater4 Male (n=2)

Pain-free test Rater3

+ Internal Female (n=34)

+ Internal Male (n=29)

+ External Female (n=31)

+ External Male (n=26)
Pain-free test Rater4

+ Internal Female (n=38)

+ Internal Male (n=30)

+ External Female (n=27)

+ External Male (n=25)
Painful test Rater3

+ Internal Female (n=1)

+ Internal Male (n=4)

+ External Female (n=14)

+ External Male (n=7)
Painful test Rater4

+ Internal Female (n=0)

+ Internal Male (n=1)

+ External Female (n=11)

+ External Male (n=6)

Interrater
+ Internal Female (n=73)
+ Internal Male (n=69)
+ External Female (n=54)
+ External Male (n=53)
Rater 3 Intrarater
+ Internal Female (n=33)
+ Internal Male (n=26)
+ External Female (n=27)
+ External Male (n=19)
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+ Internal Female (n=33)
+ Internal Male (n=29)
+ External Female (n=23)
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Abduction strength
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* Male (n=68)
Pain-free test Rater6

+ Female (n=50)

+ Male (n=68)
Painful test Raters

+ Female (n=13)

* Male (n=11)
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+ Female (n=13)

+ Male (n=11)
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+ Female (n=19)

+ Male (n=1)

Pain-free test RaterS

+ Female (n=25)

* Male (n=27)
Pain-free test Rater6

+ Female (n=26)

* Male (n=33)
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+ Male (n=3)
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+ Female (n=3)

+ Male (n=1)
Not tested

+ (@=3)

Interrater
+ Female (n=46)
Male (n=66)
Rater S Intrarater
+ Female (n=21)

+ Male (n=23)
Rater 6 Intrarater
+ Female (n=21)

+ Male (n=31)

Scapula control

Pain-free test Rater7

+ Female (n=75)

+ Male (n=79)
Pain-free test Rater8

+ Female (n=59)

+ Male (n=69)
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* Male (n=0)
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+ Rater 7 Female (n=7)
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+ Female (n=23)

+ Male (n=11)

Not tested

+ Female (n=56)
+ Male (n=69)

Figure 1. Population flow showing the number of participantsincluded, tested and analyzed.
(Int+Internal=Internal rotation, Ext+External=Extat rotation. Ext dif = The difference in extermatation
between dominant and non-dominant arm. Int dif = @Hference in internal rotation between domiremd
non-dominant arm



High Lights:
e Scapular control and ROM can be assessed with &igdepreliability in a field-based
setting.
* Risk of injury threshold for ROM differences musteed 5° to exceed measurement error.

» Using hand-held dynamometer for strength assessmshnotld be used with caution.



The Ethics Committee of the Central Denmark Region exempted the study from full ethical review
(167/2012) due to the observational methodological study design. The Danish Data Protection
Agency (J. nr. 2012 - 41 -1042) approved the study. All participants provided a signed informed

consent before study enrolment.





