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Abstract

Background Nine core domains for tendinopathy have been identified. For Achilles tendinopathy there is large
variation in outcome measures used, and how these fit into the core domains has not been investigated.

Objective To identify all available outcome measures outcome measures used to assess the clinical phenotype
of Achilles tendinopathy in prospective studies and to map the outcomes measures into predefined health-
related core domains.

Design Systematic review.

Data Sources Embase, MEDLINE (Ovid), Web of Science, CINAHL, The Cochrane Library, SPORTDiscus and
Google Scholar.

Eligibility Criteria for Selecting Studies Clinical diagnosis of Achilles tendinopathy, sample size 2 ten
participants, age 2 16 years, and the study design was a randomized or non-randomized clinical trial,
observational cohort, single-arm intervention, or case series.

Results 9376 studies were initially screened and 307 studies were finally included, totaling 13,248 participants.
There were 233 (177 core domain) different outcome measures identified across all domains. For each core
domain outcome measures were identified, with a range between 8 and 35 unique outcome measures utilized
for each domain. The proportion of studies that included outcomes for predefined core domains ranged from
4% for the psychological factors domain to 72% for the disability domain.
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Conclusion 233 unique outcome measures for Achilles tendinopathy were identified. Most frequently,
outcome measures were used within the disability domain. Outcome measures assessing psychological factors
were scarcely used. The next step in developing a core outcome set for Achilles tendinopathy is to engage
patients, clinicians and researchers to reach consensus on key outcomes measures.

Prospero Registration CRD42020156763.

Key points
Achilles tendinopathy is a common condition, often persisting and disabling and impacting on quality of life.

Nine core domains for tendinopathy have been identified, but many different outcome measures are used to
assess the impact of interventions for Achilles tendinopathy.

Knowledge of all available outcome measures for Achilles tendinopathy is important to decrease variability,
which would enable greater synthesis and improve healthcare.

In our systematic review, 233 unique outcome measures for Achilles tendinopathy were identified.

Most frequently, outcome measures were used within the disability domain. Outcome measures assessing
psychological factors were scarcely used.

1 Introduction

Achilles tendinopathy is a clinical diagnosis, and the preferred term for persistent Achilles tendon pain
and loss of function related to mechanical loading [1]. The incidence of Achilles tendinopathy in the
general population consulting a general practitioner was reported to be two to three per 1000
registered Dutch adults [2]. Achilles tendinopathy frequently leads to chronic symptoms with a
decreased quality of life [3] and substantial healthcare consumption. A significant proportion of
patients with Achilles tendinopathy experience persisting symptoms for years, often resulting in
decreased overall physical activity [4-6].

Standardized, reliable and valid outcome measures are essential for evaluating the severity of
Achilles tendinopathy and effectiveness of treatments [7]. Currently, large variations exist in outcome
measures used to assess the impact of interventions [8]. This influences patient care, because
healthcare professionals and researchers are not able to adequately interpret, compare and synthesize
(in meta-analyses) the results of research studies.

In the 2018 International Scientific Tendinopathy Symposium Consensus (ICON) statement, a Delphi
study was conducted [8]. Expert tendinopathy clinicians and researchers as well as patients with
tendinopathy (in various anatomical sites) established core domains for tendinopathy in general. This
resulted in nine tendinopathy-specific core domains (patient overall rating, participation, pain on
activity, disability, function, physical function capacity, quality of life, psychology, and pain over a
specified time frame) [8]. The proposed next step is to develop core outcome sets for each of the
common tendinopathies using the nine health-related core domains as the guide.
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The overall aim of the present project is to develop and disseminate a core outcome set for
assessing clinical outcomes in Achilles tendinopathy. As a first step a systematic review identifying the
outcome measures previously used in clinical trials was deemed essential. Therefore, the primary aim
of this systematic review was to identify all outcome measures assessing the clinical phenotype of
Achilles tendinopathy used in prospective studies. The secondary aim was to map the outcome
measures according to the nine core domains or determine if the outcome measures fit in any of the
other domains identified in the ICON statement.

2 Methods

At the International Scientific Tendinopathy Symposium (ISTS) 2018 a call went out to recruit those
congress participants who wanted to be involved in the Achilles tendinopathy consensus group. On
the last day of the conference, a meeting was held with those who expressed interest. In addition,
those at the conference were encouraged to recruit others involved in Achilles tendinopathy research
or clinical practice. A steering committee was established consisting of three senior clinical researchers
(KGS, PM, RIdV) from three continents. The Achilles tendinopathy consensus group’s (COS-AT)
member list was finalized 2 months after the ISTS 2018 meeting by asking interested members to
confirm their commitment to participate in the process for developing a core outcome set for Achilles
tendinopathy.

2.1 PROTOCOL AND REGISTRATION

The protocol for this review was registered on the International Prospective Register of Systematic
Reviews (PROSPERO) (CRD42020156763) and conducted and reported according to the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines [9]. This systematic
review is the first step of a large project with the aim to develop and disseminate a core outcome set
for assessing clinical outcomes in Achilles tendinopathy. In the subsequent steps of this project—which
are not part of this systematic review—the truth (does the outcome measure detect what it intends
to measure) and feasibility (can the measure be applied easily) will be evaluated, and quality
assessment of the endorsed measurements tools will be performed. In the last step a consensus
meeting will be planned to reach final consensus on a core outcome set for Achilles tendinopathy. The
overall project is registered in the COMET (Core Outcome Measures in Effectiveness Trials) database
(www.comet-initiative.org).

2.2 ELIGIBILITY CRITERIA

Studies were considered eligible for inclusion if meeting the following criteria: the diagnosis of Achilles
tendinopathy was clinically established (as recommended in consensus [1] and guidelines [7], and
imaging was not needed to establish diagnosis), a minimum total sample size of ten participants, age
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of the included participants > 16 years, and the study design was a randomized or non-randomized
clinical trial, observational cohort, single-arm intervention, or case series. Studies including
participants of all activity levels were eligible and there were no restrictions on the location
(midportion and insertional) or duration (early-onset and chronic degenerative Achilles tendinopathy)
of the condition. Only studies in English were included.

Studies were excluded according to the following criteria: the sole outcome measures were imaging
parameters (as we aimed to assess the clinical phenotype of Achilles tendinopathy), the diagnosis was
a full-thickness rupture of the Achilles tendon, or enthesitis with a proven inflammatory disease (e.g.
rheumatoid arthritis or spondyloarthropathy), animal study or in vitro experiment, and the study
design was a systematic review or prospective cohort study investigating the onset of Achilles
tendinopathy (risk-factor study). Studies including participants with various tendinopathies without
clear distinction of outcomes pertaining to Achilles tendinopathy were also excluded.

2.3 SEARCH STRATEGY

This systematic review included all articles that describe the use of outcome measures to evaluate
health-related outcomes over time in patients with Achilles tendinopathy.

The literature search was performed on 1 June 2021 with the assistance of a research librarian
(W.M. Bramer, Medical Library, Erasmus MC University Medical Centre Rotterdam, the Netherlands)
and included studies that evaluate any type of interventions or exposure related to Achilles
tendinopathy. The following databases were searched: Embase, MEDLINE (Ovid), Web of Science,
CINAHL, The Cochrane Library, SPORTDiscus and Google Scholar.

The search strategy included various terms used for Achilles tendinopathy (such as tendinitis,
tendinosis) and clinical trial (such as observational study, cohort analysis and clinical study). The
complete search for Medline can be found in Table 1, and the complete search in all the databases in
the Electronic Supplementary Material (ESM), Appendix S1.

Table 1 Search strategy for Medline

Medline (OVID) search: 4317 references

(((Tendinopathy/ OR Pathology/) AND "achilles tendon"/) OR "achilles tendon"/pa OR (((achilles OR calcaneal) AND (tendinitis* OR tendi-
nopath* OR tendinosis* OR tendonitis* OR tendon-patholog® OR pain* OR injur*)) OR achillodyn*).ab,ti.) AND ("Observational Study"/
OR exp "Cohort Studies"/ OR "Health Surveys"/ OR exp "Epidemiologic Studies"/ OR "Case—Control Studies"/ OR "Cross-Sectional Stud-
ies"/ OR "Multicenter Study"/ OR "Comparative Study"/ OR "Clinical Study"/ OR exp "Clinical Trial"/ OR "Review"/ OR "Meta-Analysis"/
OR "Double-Blind Method"/ OR "Single-Blind Method"/ OR "Random Allocation"/ OR (random* OR factorial* OR crossover* OR cross
over* OR placebo* OR ((doubl* OR singl*) ADJ blind*) OR assign* OR allocat* OR volunteer* OR trial OR groups OR ((observation* OR
epidemiolog® OR famil* OR comparativ¥ OR communit* OR interven*) ADJ6 (stud* OR data OR research)) OR cohort* OR longitudinal®
OR retrospectiv¥ OR prospectiv® OR population® OR correlation®* OR multicenter* OR multi-center® OR follow-up* OR followup* OR
clinical* OR trial OR random* OR review* OR meta-analy* OR (mixed ADJ3 method*)).ab,ti.) NOT (news OR congres* OR abstract®* OR
book* OR chapter* OR dissertation abstract*).pt. NOT (exp animals/ NOT humans/)

2.4 STUDY SELECTION

Two researchers (S.H. and 1.S.) screened potentially relevant articles based on title and/or abstract
against the inclusion criteria using Covidence systematic review software (Veritas Health Innovation,
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Melbourne, Australia). In the event that consensus regarding inclusion could not be met, a third
reviewer (P.M.) was consulted. Full text review was conducted by four pairs of reviewers (P.V. and
M.M; A.M. and Z.H.; M.V. and K.F.; S.0. and K.S.) using a REDCap database [10]. In the event that
consensus regarding inclusion could not be met between reviewer pairs, a third reviewer (S.H.) was
consulted.

2.5 DATA EXTRACTION

Data extraction was completed by the same four pairs of reviewers (P.V. and M.M; A.M. and Z.H.; M.V.
and K.F.; S.0. and K.S.) using a REDCap Database [10]. Disagreements between reviewers were
resolved through discussion, and if consensus could not be met, a third reviewer (S.H) was consulted.

Data extraction was consistent with the minimum reporting standards described in the ICON
statement [11]. We extracted first author, year of publication, study design (randomized and non-
randomized trial, observational cohort, single-arm intervention, case series, other), number of
participants, participant activity level (athletic, sedentary or mixed), criteria reported for establishing
clinical diagnosis (patient history, clinical exam, patient-reported outcome measures/questionnaires,
medical records/diagnosis codes, diagnostic imaging, other), injury location (midportion, insertional,
mixed, not specified), and injury side (unilateral, bilateral, mixed, not specified). The following outcome
measure data were collected: outcome measure name, definition of the outcome measure, the
outcome measure method (e.g., isokinetic strength test) and/or scale (e.g., visual analogue scale or
Likert scale), method for obtaining the outcome measure (patient-reported via questionnaire, patient-
reported via interview, measurement taken by assessor), the best fitting core domain [8] for the
outcome measure and the reference to the original publication of the outcome measure (when
provided). Reviewers were offered an option of ‘other’ for the core domains if both reviewers agreed
that an outcome measure did not fit into the established nine tendinopathy core domains. We
extracted the description of the outcome measurement exactly as it was described in the article in
which it was found. Outcome measures that were identical were amalgamated into a single outcome
measure used in different studies, but when outcome measures were slightly different or when it was
not clear whether the measurements were identical, we described them separately in the results.

In the next step the outcome measures that did not fit the core domains, and were placed in the
‘other’ category, were assigned to a respective candidate domain (physical activity, structure, adverse
effects/events) from the ICON statement [8], or in additional Achilles tendinopathy-specific domains.
For both issues, the process involved consensus between the steering group as well as confirmation
from the original reviewers regarding the proposed changes.

2.6 RISK OF BIAS AND QUALITY ASSESSMENT

We did not perform a risk of bias or quality assessment of the included studies since the purpose of
this systematic review was to identify all outcome measures used to evaluate the clinical severity in
patients with Achilles tendinopathy irrespective of the type or quality of the study.
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2.7 DATA SYNTHESIS AND ANALYSIS

Descriptive study information and outcome measure data were combined from each reviewer pair.
Outcome measures used in each study were then sub-grouped by core domain. When the core domain
selection differed between the reviewer pairs for the same outcome measure, the core domain with
majority selection was nominated. If there was no majority selection, a third reviewer (S.H.) was
consulted. The steering group met on several occasions to adjudicate over remaining issues. Qutcome
measures that had been classified into multiple domains by different reviewer pairs were re-classified
to the most appropriate domain according to the original ICON statement [8]. This was done by
consensus and the opinion of the majority of the steering group was decisive. Analysis of the included
studies included summarizing the study characteristics, the criteria for the clinical diagnosis, the
measurement instruments, the number (%) of measurement instruments per domain, and how
frequently each outcome measure within each domain was used (Table 2).



Published in: Sports Medicinel (2022), vol. 52, pp. 613-641

DOI: 10.1007/540279-021-01588-6

¢ LIEGE

e

universi

t

Status : Postprint (Author’s version)

[122]

[991]

[90¢]

[L¥]

[Ly]

[sL]

[zl

[09z]

[9.2]

[z81]

[6€]

[Liz ‘o12]

[s1z ‘11T ‘1611

[69T ‘6TT ‘81T ‘¥611

[90€ ‘sST “€ST ‘STT “T6 ‘161

[+9T “TLT ‘S6 ‘¥6 ‘06 ‘S8 ‘¥l

[96T ‘S6T ‘€ST 9TT ‘81T ‘91T T6 ‘16 ‘IS ‘0S]

(64T ‘LT ‘THT ‘€T ‘TST “CIT ‘LS ‘6¥ ‘St ‘6T ‘ST ‘€11
[SOE “bOE ‘T0E ‘S8T ‘€8T—18T ‘LLT ‘SLT “€LT ‘TLT ‘0LT ‘89T ‘19T ‘TIT
‘8ST ‘LST ‘0ST ‘PHT ‘O¥T ‘9ET ‘SET “€€T “TET ‘9TT ‘€TT ‘TIT ‘¥0T ‘861
‘€61 ‘681 ‘881 ‘98T ‘S8T “I8T ‘€LT “ILI ‘691 ‘991 ‘S9T ‘091-8ST ‘SST

—€GT “IST ‘08T ‘8¥1—S¥1 THI ‘8ET YEI-TEI “STI ‘TTI ‘611 ‘OLT TOT
‘96 ‘€6 ‘68 ‘L8 ‘98 ‘6L ‘SL ‘L ‘89 ‘€9 ‘19 ‘09 ‘8S ‘OF ‘€T-61 ‘¥1 ‘TI ‘Sl

Od
Od
Od
Od
Od
Od
Od
Od
Id
Od
Od
Od
Od
1d :0d
Od
Od
Od
Od

Id :Od

(6€1/1) %1
(6E1/1) %1
(6E1/1) %1
(6€1/1) %1
(6E1/1) %1
(6€1/1) %1
(6€1/1) %1
(6E1/1) %1
(6E1/1) %1
(6E1/1) %1
(6€1/20) %1
(6€1/0) %T
(6£1/€) %T
(6€1/%) %€
(6€1/9 %t
(6€1/L) %S
(6£1/01) %L
(6€1/21) %6

(6€1/€8) %68

(9¢-4S) AoAIng Yi[eaH 9¢ WIOF-HOYS
uonnjosa1 woydwig

Juduroaordurr paAIeoIag

SSQUAATIORYJH Juaunea1], Jo uondadrog

oreos aSueyp jo uorssardur [eqo[s uaned
Jreos joedwir ureq

SVAOV £q padofoasp Keains awonnQ

Q100S UOT)OBJSIIBS UOSUYO( YIAUUIY]

(VDOD) uawssasse [BqO[3 I9AIISQO [BITUI[D)
uorssaxdwir [eqo[3 [eowur[)

(IVDd) Adexayy 03 osuodsar Judwssasse [8qo[s s Juaned
9[eog usphog yurod-

Qwoono A1931ns 10§ 9[eds [euonOUN Jurod-
juauneaI JO SINSAY

Juowroaoxduy

(D0¥D) d8ueypd jo Funer [eqo[H

Q100§ AJ[SPNBIA] PuE SA[0Y

JUQWISSISSE [[BIGAQ

(SVA ‘SHN ‘Xopu ‘114I'T) UONORJSIES JudNed

(Sansvaws u02IN0 G§ (% SH) SAAPNIS L0S/6ET =U) Sunv. ipaaao juauvd NIVIWNOd FI0D

SOOUQIQJOY POYJOW JUSWAINSBIJA  SAIPNIS JO JOUINN

AINSEAW AUOIINO JO AWEN

urewop Iod SaInseaw AWOINO JO Arewnung g ajqel



Published in: Sports Medicinel (2022), vol. 52, pp. 613-641

DOI: 10.1007/540279-021-01588-6

¢ LIEGE

e

universi

t

Status : Postprint (Author’s version)

[zsz ‘se61]

[LLe]

[szzl

[6L]

[981]

[t11]

[111l

[s61]

[0sz]

[L9T ‘6911

[LLT ‘STl

[€6c ‘191 ‘Tl

[00Z ‘191 ‘8.1

[+8T ‘SLT ‘85T ‘6911
[80¢ ‘soz ‘121 ‘111 ‘€1l
[S8T ‘€8T ‘TLT “1LT ST ‘TST ‘65T ‘681

[Log ‘9Lt
PLT ‘0LT ‘TST ‘8T ‘STT ‘161 ‘991 ‘8ST ‘LET “ITI ‘SOT ‘86 ‘L8 ‘TT ‘61 ‘v11

[98T ‘€8T “€LT ‘T9T “TST ‘01T ‘091 ‘9ST “LET ‘STT ‘4TI ‘86 ‘18 ‘08 ‘S¥1

N ‘Id
Od
Id
0d
0d
Id

Id
Od
0d
0d
0d
0d
Id :0d

Od
Od

Od ‘Id

1d:Od

(EV/D) %S
(E¥/1) %T
(€¥/1) %T
(€¥/1) %T
(€¥/1) %T
(E¥/1) %T
(E¥/1) %T
(€¥/1) %T
(€¥/1) %T
(E¥/D) %S
(E¥/0) %S
(E9/€) %L
(EV/€) %L
(E¥/¥) %01
(€¥/S) %T1
(€v/8) %61

(€v/81) %Ty

JIQISAS S, '[B 19 BISQL,,
8IS [9AJ[- B UO dWONO 2A109qnNg,,

a1qv
-11DAD 20U242[2.4 ou ‘papinod uondiidsap ou yim saunspIut uoyPAIINIDG

Juauroaordurr woydwiAS winwi Xew 03 wir
Surreaq 1yS1om [[nJ 0] UINaI 0 dWIL],
snje)s SuryIopm

s1oA9[ Anfur-a1d 0) uInjar 0) dwry,

ured JnoyIm Suryem 0) UINjoI 03 Wi ],
ured Jnoy s Suruuni o) UINIaI 0] AWIL,
juowoaoidw Juoned

(OVdI) 2areuuonsand) A11ANOY [BOISAYJ [BUONBUIAU]
110ds/3ururen 03 uINjoI 0) AWIL ],

KJIATIO POIISOp PaseaIdo(

21008 KJIATIOR AU

uonedpned sj1ods Jo [0AdT

SANINP YIOM 0] UMY

91008 19u39],

KITATIOR 0] UIMoy

uonnodwoosyiods 0] uImoy

(s2unsvout 2u001m0 T (%E[) $2APNIs L0g/4 =u) uoupdiovd NIVWOd TI0D

(6ET/LT) %T1

ouwmn A19A009y,,
QATIB[OI 9S00 © 0) A193INS JO UONBPUSWIWIOINY,,
Juonoejsies 10y Juownnsuraje)s woydwAs ojqeidodoe juane ,,
Juonounj 10§ 23ueyd jo uorssardwir Judned,,
ured jo o3ueyo 1oy uorssarduir juoned,,
.9[BOS UOIIBNBAD [BOTUI[O JATIOR[QNS,,
AI9A0031 [RIOUDD),,
2Ipa201d pUAWIWOII 0} SSAUTUI[IM,,
QWOINO [BOTUI[D),,
«%001 01 Uy,
Snie)s [euonouny 1Y) Jo surodar juoned pue smels ured,,
urege ampoooid oy oary Aoy} POy,
O] 01 [ WOIJ 9[BIS B UO POOYI[ONIT,,
Bunerjuaned,,
(s1eak G) . dn-mo[[04 91 I SIUAWISSISSY UMQ) SIUAMNE],,
SwoydwAg [enpisay,,
2]gD]IDAD 20U42[o.4
ou 10 pap1raoad uondiidsap ou yim sansvaw SUNDY [IPI2A0) UMD

SQOUQIOJOY POYIOUW JUSWIAINSEA  SAIPNIS JO IOqUINN

aInseaul WOdINO JO dWeN

(ponunuod) zajqey

10



Published in: Sports Medicinel (2022), vol. 52, pp. 613-641

DOI: 10.1007/540279-021-01588-6

¢ LIEGE

e

universi

t

Status : Postprint (Author’s version)

[¥6T ‘LT ‘9€1 ‘T2l “SIl
[veel

[o6c]
[98]
[9£]
[L81 ‘Tvl ¥l

[SLT ‘vLT ‘LyT “0ST “LS “p1]

[o62]

[e<]

[ev]

[86]

[86]

[zs]

[¥9z ‘152l

[geT ‘1211

[6L ‘8t]

[+0€ ‘L6T ‘¥ LET ‘T8 ‘9 ‘LT ‘OT ‘1]
[80€ ‘S0E—€0€
‘96 ‘T6T ‘98T ‘€8T ‘T8T ‘6LT “TLT ‘89T ‘¥IT ‘€9T ‘IST ‘6¥T ‘0¥ ‘8€T
‘PET ‘€€T ‘9TT ‘€TT “TTT ‘10T ‘L6T ‘061 ‘88T ‘€8T ‘I8T ‘8LT ‘PLI ‘€LT
‘891—691 “¥ST “TST ‘SFI-9¥T ‘PrI-1¥1 ‘6€1-LET ‘STI ‘€TT ‘TTI ‘611
‘STT ST OTT ‘601 ‘LOT ‘90T ‘TOT ‘00T ‘L6 ‘S6—€6 ‘68 ‘L8 ‘98 ‘T8 ‘8L

PL ‘89 99 ‘9 ‘€9 ‘6S ‘LS—SS ‘OF ‘6€ ‘LEYE ‘TE 6T—9T ‘€T ‘LI-SI ‘€1 9]

Id ‘W
0d

0d
0d

0d

N ‘Id *Od

0d
N
0d

N ‘1d :Od

(T1/9) %Ty
(T1/D) %8

@1/m %8
T/ %8
@1/m %8
(T1/€) %ST

Au[iqe feuonoun,g,,
Koans juaned,,
9[BIS JLIdWINN],,
SISATeUB UOIOA],,
Sseuyns/AIIqrxap uopua L,
a1qvjivap
20U422.4 OU 40 PIPIA0Ad UONAIIISIP OU YIIN SDUNSDI A UOHIDUNL] AIYI()

91008 1oug9g,

(4d-STINO¥d) uonouny
[eorsAyd-wo)sAS UOTIRULIOJUT JUSWAINSEAW $AWO0NNO pajtodar-juaned

(SVA) uonoung
Araxoq
Q1008 AJIATIOR OP[UY

(sansvout awoomo ([ (%) sApmis L0g/1 [ =u) uonounf NIyWOd 40D

(601/9) %9

(601/1) %1
(601/1) %1
(601/1) %1
(601/1) %1
(601/1) %1
(601/1) %1
(601/0) %T
(601/0) %T
(601/2) %T
(601/6) %8

(601/56) %L8

SswoydwAg,,
QWO2INO JANIAAQnNS,,
Sunj[em SurLmp ssans 9[qeId[0) WNWIXBA,,
(Jured poey,,
«ured poyoren,,
ured payoaoid 10 snosuejuodg,,
2]qDIPAD 20U2[a4 OU
40/pup papiao.d uoridiiosap ou yim SanspI Sutppo T/ A1y uo uIDg

(I1d-SINOYUd) 20u219§
-19)ur ured-w)SAS UONBULIOJUT JUSUWAINSBIW S0 pajtodar-judned

21008 ured pajeIjuaned

xaput ANTIqeSIp ureq

ured 03 sost1 [9oy 391 9[3urs Jo roquuny
ured 0y sdoy jo requnN

juowssasse woydwAs Ayyedourpu) soqIyoy
9reos Suner aseyd ured [yosIN

Q100s BUIZUB[Y

Kyianioe 19)ye ureq

(LT ESVA) 1891 18 Uted

(INI'T 'SVA ‘SUIN) Surpeol/ANAnoy gim ureq

(s24nspaut 2u1091m0 £ {(%9¢) SAPNIS L0E/601 =) Sutppol/G1anov uo uwd NI[YWOT TIOD

SQOUQIOJOY POYJOW JUSWAINSBIJA  SIIPNIS JO JOQUINN]

ANSeIUW WOIINO JO W N

(Ponupuod) zajqer

11



Published in: Sports Medicinel (2022), vol. 52, pp. 613-641

DOI: 10.1007/540279-021-01588-6

¢ LIEGE

e

universi

t

Status : Postprint (Author’s version)

[oozl

[oL]

[€81 ‘9011

[e81]

[L1]

[881]

[zye]

[go11[801]

[85]

[€81 ‘08l

[08]

[08]

[08]

[z6tl

[v6T ‘TSl

[0Lz ‘6971

[v6T “€9T ‘€811

[11€ 88T ‘€9l

[8€¢ ‘zeT ‘1€T ‘8Tl

[11¢€ ‘T6T ‘¥8T ‘L8]

[92T “LST ¥9 ‘€9 ‘¥l

[26T ‘0LT ‘69T ‘L1T ‘9Ll

[T1€ °01€ “6ST ‘THT ‘91T ‘TIT ‘00T ‘80T ‘LOT ‘06 ‘68 ‘€9 ‘8¥]
[zo€

‘I¥C ‘91T ‘€0T ‘TOT ‘061 ‘091 ‘€ST ‘TST ‘0ST ‘601 901 ‘001 ‘I L ‘St ‘6]

[1L1]
[eLtl
l6L1 ‘L8]
[eL1]

[o62]

[08z]

[60€ “LLT *80T “08]
[60€ “€LT ‘80T ‘08 ‘¥]

-+ 5+ 8RR L RN R T

=

0d
0d
0d
0d

0d
0d
0d
0d

(¥S/) %e
FS/) %T
(¥S/0) %t
¥S/IT %T
S/ %
(S/1) %T
(¥S/1) %
(FS/) %t
S/ %
(¥S/0) %T
S/ %t
(S/1) %T
(¥S/1) %
FSID) %T
(¥S/0) %¥
(¥S/0) %¥
(¥S/€) %9
(7€) %9
(YSH) %L
(S %L
S/ %6
(¥S/9) %6
(PS/ET) %IT

(FSP1) %0€

$90) 108s89[ Ay} Jo 1amod uorxay rejue[q
Ady

uonI9Xd paaraorad jo Suney

xopur 1Suans 9ANORIY

dumf 01 gy

saster [eoy (g wioyrad 01 AIIqy

SIe1S QU 03 AIIqY

QouewI0j1ad [01U0D I0JOA

saniAnoe spods/Suruunt 0) uImoy
UOT)UAIOIUT Y} UI PASn Peo |

anb10) JO UOIIBLIBA JO JUSIILJI0D UOIXIPIRIUR[J
juowdojoadp onbio) jo ojer uorxopy rejued op[uy
onbio) yead uorxep rejue[d

Judwow uorxaf rejue(d apyuy

(ONA) AydeiSoAwonooe adeyng
QOUBINPUD ILIIOWOS]

SQINSBIW OIjAUTY

SQINSEAW ONBWIAULY]

)Suans o1ounos|

1omod uorxoy rejue[d opuy

K1a)eq 159) [RUONOUN]

)3uons OLOWOS]

189) 9SLI [2aY Fo[-9[FuIS

(sorosnwi snorrea ‘oanjdriosop-uou) Sunse) yiSuong

(Saamspaut 2woo1no [£ (%, ) sa1pnis L0€/#S = u) &1o0dpd uonounf paisdyd NIVINOA TI0D

a/m %6
(11/1) %6
(11/0) %6
(T1/1) %6

(T1/1) %6
(11/1) %6
(11/%) %9€
(11/4) %9¢

(OHSd) dareutonsong) ASLOYFH-JIoS ured
(OE.LY) a1reuuonsanQ) sjoI[og UOPUIL, SAIYIY
(1Dd) A10yu0auy Surdo) ureg

(02-SSVd) oreos swoydwAs Kjorxue ureq

uorssaidop
(STAO¥d) WaISAS UOTBULIOFUT JUWAINSEIW SIWONNO pajrodor-juoned

(SAVH) 9ress uorssardop pue Korxue eydsoy
(SDd) areos Surziydonseyes ureq
(3IS.D) erqoydorsoury jo oreos edwe],

(Sa4nspaw 2u1021n0 1812 {(%p) sa1pnis L0§/1 [ =u) $40190f 1p218010yoLsq NIVINOT TIOD

SADUAIRJAY POYIdAUW JUAWANSBIIA

SIpNJS JO JAqUINN

AINSLAW AWOIINO JO AN

(ponunuoo) za|qey

12



Published in: Sports Medicinel (2022), vol. 52, pp. 613-641

DOI: 10.1007/540279-021-01588-6

% ¥ LIEGE

e

universi

t

Status : Postprint (Author’s version)

[+1l

[z€l

[+97l

[¥szl

[erl ‘zotl

[+oz *ssi]

[8+T ‘szl

[SOE “pLT ‘pr1]

[8LT “SLT ¥91]

[L61 ‘LT ‘oT1]

[91¢€ ‘vz “Lz1]

[6ST ‘¥tT ‘1€]

[oze ‘61T ‘1]

[292 ‘80T “L91 ‘vTI]
ooz ‘LLt “1L1 ‘o€l
[11€ ‘08T ‘€51 “LO1T “06]
[£9T S9T ‘98T “OFT ‘8TT ‘SOT ‘TOT “LIT ‘OFT ‘6ET ‘811 ‘T9 ‘9€ ‘¢ ‘€€ ‘szl

[S1€ ‘sog

‘10€ ‘98T ‘T8T ‘8LT ‘LLT ‘1LT ‘S9T ‘19T '8ST ‘8¥CT ¥¥C ‘€¥C '1€T LTT

12T 81T ‘80T “€0T ‘361 ‘961 ‘681 ‘881 “¥8T ‘L9T ‘S9T ‘TOI ‘OF1 “t+1
‘THPLOFL ‘CEI-6C1 ‘81T “T11 F0T1 ‘€01 ‘26 ‘16 ‘€L “TL 68 ‘1S ‘06 ‘61l

[¥1€-21€ ‘01€-80€E

‘90€-10€ ‘00€—96T ‘T6T—16T ‘68T ‘L8T ‘S8T ‘+8T ‘18T ‘08T ‘9LT ‘1LT

‘89T “¥9T ‘0ST ‘O¥T ‘SHT ‘OFT 6£T ‘LET '9TT ‘¥TT ‘0TT—EIT ‘11T ‘60T

‘10T ‘661 ‘€6T-T161 ‘68T ‘L81 ‘981 ‘€81-181 ‘6L1 ‘LLI=SLT ‘€L ‘TLI

0LT ‘69T 91091 “LST ‘6F1 ‘EFT ‘OFT ‘SET ‘€ET ‘0ETI—RTI ‘121 “0T1

STLPIT “TIT POI-T0T ‘66—L6 ‘S616 ‘68—8L ‘SL ‘TL—89 ‘59 ‘+9 ‘19
‘09 ‘8S 95 *¥S ‘€S ‘L¥ OF ‘P¥ ‘I¥ ‘6€ “LE ‘0F ‘LT ‘ST ¥T ‘TT61 ‘€1 9—¢]

[THT “1¥T ‘00T L8 ‘LT]
[st1l

[L61]

[Lo1]

[9]

0d
0d
0d
0d
0d
0d
Od
0d
0d
Od
0d
Od
0d
0d
0d
0d
Od

Od

Od

== == =

(1zem %1
(Izz/m %1
(1zem %1
(122/2) %1
(1220 %1
(122/2) %1
(122/2) %1
(122/) %1
(122/8) %1
(122/) %1
(122/) %1
(1T2/8) %1
(122/) %1
(1TTH) %T
(1Teh) %e
(12T/9) %T
(122/91) %L

uorouny Jo uoneu|

QITRUTIONSANG) SIWOIINQ I[YUY PUE 100

(vd @) 2ress Kianoe eorsAyd ur juaws[qesig
KJIATIOR POIISOp PasealIda(]

oreos Ajanoe roufay,

(SIIN) 21098 100] pue[ATRIA

ar09s amjdns uopu?) so[IYOY

(SIY) 21098 KQ[SPNEBIA] puE S[OY

(OIXO) arreuuonsang) 100, PIOFX)-19ISAYIURIA
(VTTI4) ANATOE qQUITT 19MO] JO X3pUI [BUONOUN]
JusuLIredurr [eUOIIOUN] PUE [9A9] UTEJ

(SOV) 9[e2s SHLIIEOINSO AUY

(SSLV) wasAs Juwroos Ayredourpud) Sa[[Iyoy
(I44) ¥opur uonouny 1004

(SJHT) 9[eos [euonoOuLy AIWANX MO ]
(WVVA) damseaw e s[3ue 2 100,

(SOVH) 21005 QUIOINO I[YUR PUB J0O]

(122/8F) %TT  (SVAOV) 100JpUIH-9P{UV-A191008 DUy 23 1004 d1paedoy)iQ urdLaWY

(12e/1v1) %¥9

(A1e1U9paS ‘UBI[B)] ‘UBWLIAD) ‘USIPAMS ‘UstuB(]

fysSug) (V-VSIA) SO[IIYoV-Iuauwssassy 110dg Jo a1mrisu] UBLIOIOTA

(sansvaw 020 ¢ (% L) SAPMS L0£/17E =4) Squsip NIVIWO 40D

(FS/S) %6
FS/1) %T
(FSIT) %T
(FS/1) %T
(FSID) %T

LNIQIXOP SNO[OS PUB SOIUIAUIOIISEL),,
.8159) QOUBULIONIN,,
5901 Jo dn a1 uo Sunyem,,

2]gppan 20U42f24

ou 10 papraoad uondnidsap ou ynm saansvaur K1o0dpd uondunf 1worsiyd

1891 doy o[Surg

2oed Supj[esm e sanIEULIOUqE 1BD)
s)1oy9p QouewnIoprad aposnut Jg)
ueeqg

SOJUQAIAJIY POYIAU JUSWANSBIA]  SIAIPMIS JO JIGUINN]

AIMSEIAUW AOIINO JO IWEN

(panunuod) z ajqel

13



Published in: Sports Medicinel (2022), vol. 52, pp. 613-641

DOI: 10.1007/540279-021-01588-6

¢ LIEGE

e

t

universi

Status : Postprint (Author’s version)

[08 ‘811 0d +6/0) BT ured 1s10M
[8sz] N (6/1) %1 sjure[dwoo Jo asmod dun,
[6sT] 0d (r6/1) %1 (SVAQY) 2100sqng UIed-2109§ MUY pue 1004 d1paedoyi uedLowy
[¥¥] 0d 6/1) %1 U {7 1S8[ Ay Ut ureq
l6L2] Id (6/1) %1 ssouyns jo uonen
[99] N (6/1) %1 ssouyns SUIION
[s1€ ‘z6T “S811 Id (76/€) %€ yoom 1sed oy) 1aA0 ureq
0d
l6LT ‘veT] SVA (6/0) %T ured Suruiow
[08T ‘6LT ‘L8 ‘08] 0d (r6/¥) %€ arnreuuonsenb [DHLHAUIE]
(81 “T1T ‘6Ll Od ‘I d (6/€) %€ 1sal Je uteq
[28T ‘65T ‘s91 ‘TLl 0d 6/v) %¥ (9¢-AS) AoaIng yi[eoH 9¢-ULIo HOYS
[L1€ ‘STE ‘€TE “TIE
‘T0E “00€ ‘S6T ‘S8T ‘08T ‘8LT ‘LT ‘€LT ‘L9IT ‘99T ‘TIT ‘19T ‘65T ‘95T
‘OFT ‘€¥T *6TT ‘STT ‘YTT ‘0TT-8IT ‘SIT 0T ‘00T ‘661 ‘961 ‘€61 ‘81
‘T8T “SLI ‘YOI ‘€91 ‘091 ‘€ST ‘OF1 ‘T€1 ‘OTT ‘STI ‘0TI ‘OIT ‘P11 ‘€01
‘10T ‘66 ‘06 ‘€8 ‘LL—SL “€L=69 ‘19 ‘09 ‘LS ‘IS ‘0S ‘Ot ‘I ‘8€ ‘€€ ‘0€ ‘9 ‘Sl Id :0d (¥6/1L) %9L (SVA ‘SAN ‘SYdN) dn-mof[oj 1e ureq
(S24nspaw U000 [7 (% [£) SAAPNIS L0E/46 =U) awn.f aun) parf1oads v 4240 uind NIVIWOA TI0D
[e] 0d e/ %y (as-T100V) 9j1-jo-Aifenb jo juowrssasse uoIsuAUI-g
[zl 0d e/ %y SVA-Od
[82T ‘80T ‘6511 0d (FT/e) %ET (T1-4S) AoAIng yifeaH 7]-Wlio 10YS
[00€ ‘66T ‘OFT ‘L6 ‘T8T “S6 ‘08 LT O1] 0d (¥2/8) %EE (as-0d) meuuonsonb [euoIsTOUNP-G [OQOMY
[¥¥T ‘00T ‘Op1 ‘T “1€T ‘81T ‘LOT ‘S ‘LY ‘T€E] 0d Wz/on %y (9¢-AS) AoAIng yi[eaH 9¢-UiIo] 10YS
(saunsvaw 2u0d1mo aaf (%) sapnis L0&/+Z =u) i1 fo Kyyvnb NIVWOT 40D
uonounysA(,,
20U & 1eom 01 ANIQV,
Q1reuuonsanb uopua) soq[myOV;,,
(arreuuonsanb oouewrroyrad pue ured payipon,,
SSOUIAIIOJJO JUIUNBAILL,,
(2808 1IYI'] payoadsu),,
Qareuuonson() payroadsun,,
(QSEASIP UOPUQ) SA[[IYIY JO UONELIYIsse[d pardepy,,
[SLT ‘O¥T “0€T ‘6TT ‘OST ‘LL ‘€9 ‘6 ‘8] Id :0d (122/6) %Yy 219v10ap 2oud4af.4 ou “papraod uondrosap ou ynm samseaw KIIqesIq
[zr1] Od azayn) %1 9y11 Jo Kynpenb pue KAipeuonouny fured asouuodorad jo Ayisioatun
[ogt] 0d (1zem %l wolsAs Funer s eIsay,
[ev] 0d (Iee/n %1 (SAd) oreos sduouadxy ureq
[96] 0d 122/1 %1 (reyL) (VA-SVA) 9Ue pue J00J SVA
lert] 0d e/ %1 QInsLaW Iessafog pue qode( AJIATIOR pue ureq
SAOUAIRJIY POYIAW JUIWAINSBI[A]  SIAIPNIS JO TaquunN AInseauw WOIINO JO AW N

(ponunuod) z a|qey

14



Published in: Sports Medicinel (2022), vol. 52, pp. 613-641

DOI: 10.1007/540279-021-01588-6

¢ LIEGE

e

universi

t

Status : Postprint (Author’s version)

[v1]
[162]

[8¢]

[zs1]

[¥eed

111l

[zi€ ‘o1¢€l

[¥zzT ‘po1l

[0s ‘sl

[or1 ‘o¢ “c€l

[16T ‘L6T ‘08 “LI]

[162 ‘02T ‘¥6 ‘1]

[€6T ‘ST ‘L81 ‘v ‘0]

[98C ‘LTT ‘STT ‘61T “TST 98 ‘28]

[01€ “POE *L8T “VET ‘91T “PIT ‘LOT ‘961 ‘€61 ‘L8T +81 ‘8¥1 ‘L¥l ‘SL]
[T1€ ‘80€

‘16T ‘68T ‘VET ‘LTT ‘91T “VIT ‘TIT ‘€61 ‘T6I ‘v8I ‘891 ‘T8 ‘8T ‘ST ‘CI]
[z1€ ‘80¢

‘18T ‘LOT ‘TOT ‘161 ‘S8T ‘v8T ‘OLI ‘81 ‘L¥T ‘SET ‘66 ‘L8 ‘T8 ‘8L YT ‘0C]

[LeT]

[8¢€]

[+]

[60¢€ ‘08 ‘L¥]
[S6T1 ‘28 ‘81 ‘¢l

[8%C ‘161 ‘8ST ‘¥S ‘ST ¢l
[so1]

[sor]

[zs]

= =

2222222222222

Od
0d
Od
0d
0d

Id-Od
Od
Od

d

(85/1) %t
(85/1) %T

(85/1) %T
(8S/1) %T
(85/1) %T
(85/1) %T
(8570) %¥
(85/0) %v
(85/0) %t
(85/€) %9
(8S/Y) %L
(85/%) %8
(85/S) %6
(85/9) %01
(8S/1) %Y

(8S/LT) %6T

(85/00) %¥€

KydeiSourroy |,
uren)s uopua],
sjuour
-oINSBA (SNHD) PUNOSENN PAJUBYUD JSBIUOD JIUOULIRY JUWIT)-[EY

(13d) AydeiSowro) uoissiuo uonIsoq

sour] yond [o[[ered

Sumuayory) uopue) aanerdo-)soq

(AMS? ‘AMS) sontadoid [eosrueyoow uopuay,

o3ue dIyg—1o[mo Ay,

uoneInjes udgAxo uopuay,

JUQWISSASSE AI0JR[NOIIOOIITIA

IOJOUWIRIP UOPUQ],

SSQUJ IS UOPUI],

UOTBZIISNORIBYD 9NSST) pUNOsen|n)

(Surdewr 9ouBUOSAI dROUTRW) SINIRULIOUGR [RIMONNS

(IYIA ‘punosenn dpow-¢) SSAUNOIY) UOPUI],
(suoneoyes {FuruadIy)

<KyroruaSoyd9 uopud)) (punosenn dpouwr-g) SANI[RULIOUGR [RIMONIIS

(191ddop 1omod txopddop 10[02) UOIRZLIB[NOSEAOIN

(Saunsvaut 2ui021n0 [7 (%G ) SAIPNIS LOE/9S = U) 2UNIINIS SUIDUIOP 2IDPIPUD))

(01/1) %01
(o1/1) %01
(01/1) %01

01/€) %€
(01/9) %08

oeos AAnoe 1ouSo] UM
K11IATIOR JO [OAQ

(SVd) eds K1anoe [eo1sAyg
[Teoar Kianoe [eorskyd Keq-,
Aanoe [eorsAyd jo (oA

(s24nsD21 21102110 201 (%) Sa1pNIS L08/0T =u) Q14100 as&yd :urpwop a1vpipuv)

(¥6/9) %9
F6/1) %1
(F6/1) %1
F6/1) %1

SswoydwAs quirp aysoddQ,,
oreos ured eysiq,,
dn-morjoj 1e ured [enprsay,,
Jonoafur 1ayye/3urinp 110Jwodsi(,,
Jiojwodsip/uted Jo uonemp pue [9A9] 2AN2(qng,,
eareuuonsand) ayroadg Apmg,,
219VIIDAD
20u2.42J2.4 ou ‘pap1aoid uordrIOSIP OU YJIM SAMSBIA] W) IOAO UTRJ

(OIN-¥s) a1teuuonsand) ured [[IDIN
(1dg-3s) K1ojuoAu] uted jorrg
juowssasse woydwAs Ayredourpua) sa[yOy

SOOUAIQY  POYIOW JUIAINSEOJA  SIIPMIS JO JOQUINN]

ANSEAW AW OIINO JO AWEN

(ponunuod) zajqer

15



Published in: Sports Medicinel (2022), vol. 52, pp. 613-641

DOI: 10.1007/540279-021-01588-6

¢ LIEGE

e

universi

t

Status : Postprint (Author’s version)

[Loz] W 0z/1) %S ured jo uoneoo|

[coz] W (0z/1) %S ISU9 J[OSNW SNIWAUIONSEL)

[zog] W 0Z/1) %S (Ayder3oAwonoapo) opmrjdwe yeod snruoudonsen)

[ss] 0d 0T/m) %S 21095qns SYAOV

[zve] Id (0Z/1) %S uonen[eAd 9ANOANS PUB MIIAIU]

[L1] W (0T/1) %S IoouweIp jied

[912 ‘21T ‘00T ‘L61] N (02/) %0T QOUIIPWINDI J[8)
(V8T ‘LET ‘St ‘81 ‘1] Od ‘W (0T/9) %ST urms
(Saunspaut 2w02In0 [ (%/) S21PNIS L0E/0Z = U) SSuIpuLf uoypunUDX? (P11 “UIWOP Pav]aL-Kyipdourpual Sajjyoy

[s12] N W1/m %L Anowo3[y

l6v] N W1/1) %L 21008 SSOUIOPUD) PISSISSE A[[enUBIA

[LL1] W &1/ %L (SLH) uonewwns [eiodwo) 8oy

[LL1] W 1/ %L (LdH) proysaiy ured jeoyg

[60€ ‘8€T ‘ST “LLT ‘80T ‘SO ‘¥6 ‘06 “S9 ‘09 ‘T¥ ‘€11 A (P1/21) %98 proysaxy drnssaxd-ured uopudy,
(samsvaut 2ut0o1no aaif (%) saapnis// 08/t 1 = u) uind o1f10ads Kippow L105uas :uwwop paivja4-Sypdourpual sajyoy

[6LT ‘PET “CIT ‘LL ‘8 ‘LE] N (11/9) %SS uonedped ynm ureg
[L0T ‘86 ‘€S ‘SP ‘811 N (11/9) %Sy SSQUIOpUdL,
(S24nSD2UL 2UOIIN0 OM] (%Y p) SaIPNIS L0/ [ =u) uonpdivd :uwwop pajpjaL-Kywdourpuay sajyoy

lesel N (€1/1) %8 uonow Jo aguerjutol JLNIST

[96T ‘65T ‘THT ‘€0T ‘S8 ‘99-€9 ‘8 ‘S ‘LI] A (€1/21) %T6 uonow Jo dFUEBI UY
(S24nsDIW QU0IIN0 OM] (%Y t) SAAPNIS LOS/S =U) uonow fo a8uvi :urpuwiop paivjai-Kypdourpua) sajyoy

[Ly] Id (9rm) %L1 Q0USIYPE PUE SJUIAD ISIOAPE JO Aouonboig

[6sl 0d (9/1) %L1 suopeordwod oyoads Xn[eH

[98Z ‘L91] W 9/2) %E€ A1931ms SUIMO[[O] UOTIBOYIO[RONY

[612 ‘81l N (9/2) %€€ suopeordwo)

(S2Unspaw U02IN0 ANOf (% 7) SAAPNIS LO)E/9 =U) SIUIN/S]IDfJ2 ISIIAPD UIDWOD ]DPIPUD))

«Surpulf punosvan,,

[¥1] N (85/1) %T 20U42[2.4 OU 40 UONAIIOSIP OU YHMN SUNSDIUL 2UNJINAIS

[9¢] N (85/1) %T UONBZUISPRIBYD PUNOSBII[[)

[vorl (8S/1) %T d[3ue s19yog

(011 (8S/1) %T o[Sue yoyud [eouede)

SOOUQAIOOY POYIOUI JUSWAINSEIJ  SIIPNIS JO JOQUINN QINSEIW AWOIINO JO JWEBN

(ponunuod) z3|qey



Published in: Sports Medicinel (2022), vol. 52, pp. 613-641

DOI: 10.1007/540279-021-01588-6

% ¥ LIEGE

e

universi

t

Status : Postprint (Author’s version)

17

J[eos Sofeuy [BNSIA SVA 9[e0S Sumey ured [eoLIUNN SYJN T0ssasse Aq uoe) JUIWAINSEIW Jy ‘MAIAIdUI Bia papodar-juaned j4 “armeuuonsanb eia pajodarquaned g
SAINSEIW AL0IINO JUAIIYIP SB PAIAPISUOD 21am AY) A[JUAIDIIP PAINSBIW 2IIM N SIWIBU JRJIWIIS/ALIES ] Pey SIINSEILI L0IINO0 IAYM SISED U] "2INSEIUW WOIIN0 U0 sjuasaidar mor yoeyg

[+6] Od (#/1) %0S

(28] Od (#/1) %ST

[L8 “L¥] Id (#12) %0S

[zrT ‘1T ‘1€T 17T “T81 “S¥ ‘6¢l W (TT/L) %e

douerdwod Snug
20UDIAYPY
SUOIUAATAIUIOD JO 38()

(S24nsvaut JwoNno a4yl (o 1) Apnis f0€/4 = u) 43y10 NIVINOd
S1oawered eorurd jo Aysuduy,

JOTIEN[BAD 2ATIO3[QNS PUR MaTAINU],,

JOTBUIIE XD [BD1SAY ],

Joneurwexa [eowr),,

Jmedjuarm),,

S1puwered [eotur),,

20U42f2d 10 UONALIISAP OU YIIM SSUTPUL UONDUNUDXD DO

SO0UQIFOY  POYIOWE JUIWIAINSEI  SIIPNIS JO IOQUINN

ANSEIUW ALOIINO JO IUWEN

(penunuos) z3|qel



Published in: Sports Medicinel (2022), vol. 52, pp. 613-641 , -
DOI: 10.1007/s40279-021-01588-6 o r L I EG E
Status : Postprint (Author’s version) universite

3 Results

3.1 IDENTIFICATION OF STUDIES

The search and inclusion process is summarized in Fig. 1. The initial search resulted in 9376 records
after duplicates were digitally removed. Additionally, 41 records were manually removed because of
duplicate findings, leaving 9335 potentially eligible studies. The abstract and title screening resulted in
8855 studies being excluded. Full text review was performed for 480 studies. Following full text review,
307 studies were included for data extraction.

PRISMA 2009 Flow Diagram
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Fig. 1 PRISMA flow diagram of study selection process
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3.2 CHARACTERISTICS OF THE INCLUDED STUDIES

Included studies were published between 1984 and 2020 (median [interquartile range (IQR)], 2014
[2008-2018]), consisting of 29% (89/307) randomized trials [5, 12-98], 6% (17/307) non-randomized
trials [99-116], 26% (81/307) single cohort [3, 4, 6, 117-188], 33% (101/307) case series [189-287],
3% (8/307) case—control studies [128, 288—294], and 4% (11/307) pilot or feasibility trials [295-303].
Included studies had a median (range) of 36 (22-58) participants, totaling 13,248 participants included
in this systematic review. Participants were identified as athletic in 23% (70/307), sedentary in 3%
(9/307), or both athletic and sedentary participants in 25% (76/307) of the studies, while 50%
(152/307) of the studies did not provide any information on participant activity level. Achilles
tendinopathy location was described in 84% (257/307) of the studies, of which 19% (58/307) included
insertional, 48% (146/307) included midportion, and 17% (53/307) reported including both locations.
Tendinopathy side was reported as unilateral and bilateral in 40% (122/307) of the studies, unilateral
tendinopathy in 22% (67/307), only bilateral tendinopathy in two studies, and 38% (116/307) did not
specify.

3.3 DESCRIPTIVE ANALYSIS OF CRITERIA FOR CLINICAL DIAGNOSIS

Clinical diagnostic criteria were categorized as patient history (n = 219), clinical exam (n = 233), patient-
reported outcome measures/questionnaires (n = 23) and medical records/diagnosis codes (n = 27),
with additional diagnostic imaging to confirm diagnosis in 160 studies. Seventy-four percent (226/307)
of the studies reported using more than one criterion for the diagnosis. The most common criteria
combined patient history, clinical exam, and diagnostic imaging (MRI, ultrasound, x-ray, or a
combination) to confirm diagnosis in 28% (86/307), followed by 23% (72/307) of the studies that cited
patient history and clinical exam without diagnostic imaging. Two studies stated diagnosis was
confirmed during surgery and one study cited “selfreported symptoms”. No details were provided for
clinical diagnosis in 8% (24/307) of the studies.

3.4 SYNTHESIS OF RESULTS

The summary of the outcome measures identified is reported in Table 2 (more detail is provided in
ESM, Appendix S2). Below, we present the outcome measures as mapped under the core domains.
Figure 2 provides an overview of the number of studies and outcome measures per core domain.
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Fig.2 Overview of the number of studies and outcome measures per
core domain

3.5 CORE DOMAINS

3.5.1 PATIENT OVERALL RATING

Measurement instruments related to patient overall rating were reported in 45% (139/307) of the
studies (Table 2; Fig. 2) [5, 12-15, 19-23, 28, 29, 39-41, 44, 45, 47, 49-51, 57, 58, 60, 61, 63, 68, 74,
75,79-81, 85-87, 89-96, 98,102,110, 113, 116, 118, 119, 122,124-126, 132-134,137,138, 142, 145—
148, 150, 151, 153-156, 158-160, 165, 166, 169, 171, 173,176, 181, 182, 186, 188, 189, 193, 194, 198,
204,210-212,215-219, 221, 223, 226, 229, 232-236, 240, 241, 244, 250, 252, 253, 255-258, 260, 262,
264, 268-270, 272-277, 279, 281-283, 285, 295, 296, 301, 304—-306, 308]. Patient satisfaction was the
most frequently reported measurement instrument (83 studies) [5, 12, 14, 19-23, 40, 58, 60, 61, 63,
68,74,75,79, 86, 87, 89, 93, 96, 102, 110, 119, 122, 125, 132-134, 138, 142, 145-148, 150, 151, 153—-
155, 158-160, 165, 166, 169, 171, 173, 181, 185, 186, 188, 189, 193, 198, 204, 212, 223, 226, 232, 233,
235, 236, 240, 244, 250, 257, 258, 262, 267, 268, 270, 272, 273, 275, 277, 281-283, 285, 301, 304, 305],
followed by an overall assessment (12 studies) [13, 15, 29, 45, 49, 57, 113, 151, 234, 241, 274, 279].

3.5.2 PARTICIPATION

Participation was assessed using 18 measurement instruments from 13% (43/307) of all studies (Table
2; Fig. 2). This core domain included measures relating to return to activity, including sports (18 studies)
[14, 19, 22, 87, 98, 105, 121, 137, 158, 166, 191, 225, 248, 252, 270, 274, 276, 307], general activity
(eight studies) [89, 159, 252, 254, 271, 272, 283, 285] and work duties (four studies) [169, 258, 275,
284]. The most commonly reported measurement instrument was the Tegner Score (five studies) [13,
111, 121, 205, 308].
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3.5.3 PAIN ON ACTIVITY/LOADING

Pain on activity/loading was evaluated by 17 outcome measures from 36% (109/307) of all studies
(Table 2; Fig. 2). The Numerical Pain Rating Scale (NPRS), Visual Analogue Scale (VAS) and Likert scales
were used for assessing the pain on activity/loading in 95 studies.

3.5.4 FUNCTION

Function was assessed by nine measurement instruments from 4% (11/307) of all studies (Table 2; Fig.
2) [15, 24, 76, 122, 136, 142, 187, 224, 275, 290, 294]. The Ankle Activity Score was reported most
frequently (n = 3) [24, 142, 187].

3.5.5 PSYCHOLOGICAL FACTORS

Psychological factors were evaluated in 4% (11/307) of all studies (Table 2; Fig. 2) [4, 80, 87, 108, 171,
173, 179, 280, 290, 309]. The Tampa Scale of Kinesiophobia was the most frequently reported (45%)
of all measures [4, 80, 108, 173, 309].

3.5.6 PHYSICAL FUNCTION CAPACITY

Physical function capacity was assessed by 31 measurement instruments from 17% (54/307) of all
studies, with strength being the most frequent measurement [4, 17, 28, 29, 43, 45, 48, 58, 63, 64, 71,
76, 89, 100, 106, 109, 115, 150, 152, 153, 157, 160, 188, 190, 197, 200, 201, 203, 212, 216, 217, 226,
231, 232, 238, 241, 242, 259, 263, 269, 270, 288, 292, 294, 302, 311]. Strength was measured using
various methods (e.g., plantar flexion torque, isometric, isokinetic) (Table 2; Fig. 2) [28, 29, 45, 71, 76,
100, 109, 150, 152, 153, 160, 190, 201, 203, 216, 217, 231, 232, 238, 241, 269, 270, 292, 302, 311]. The
single leg heel rise test was the most frequently reported specific test (13 studies) [48, 63, 89, 90, 107,
108, 200, 212, 216, 242, 259, 310, 311]. Other outcome measures included measures of ability to walk,
jump and balance.

3.5.7 DISABILITY

Disability was evaluated by 32 measurement instruments from 72% (221/307) of all studies (Table 2;
Fig. 2).

The most common outcome measure used was the Victorian Institute of Sports Assessment -
Achilles (VISA-A) questionnaire (141 studies) [3-6, 13, 19-22, 24, 25, 27, 30, 37, 39, 41, 44, 46, 47, 53,
54,56, 58, 60, 61, 64, 65, 68-72, 75, 78-89, 91-95, 97-99, 101-104, 111, 114, 115, 120, 121, 128-130,
133, 135, 140, 143, 149, 157, 160-164, 169, 170, 172,173, 175-177,179, 181-183, 186, 187, 189, 191-
193, 199, 207, 209, 211, 213-220, 224, 226, 237, 239, 240, 245, 246, 250, 264, 268, 271, 276, 280, 281,
284,285, 287, 289, 291-294, 296-300, 304-306, 308-310, 312-314].

There were five language versions of the VISA-A used in addition to English and one modified
version for sedentary individuals [3, 4, 64, 89, 149, 162, 185, 287].
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3.5.8 QUALITY OF LIFE

Quiality of life was assessed by five questionnaires from 8% (24/307) of all studies (Table 2; Fig. 2) [3,
16, 17, 32, 47, 54, 80, 95, 107, 118, 121, 131, 142, 146, 159, 182, 197, 200, 208, 228, 240, 244, 299,
300]. SF-36 was the most frequently reported (ten studies) [32, 47, 54, 107, 118, 131, 142, 146, 200,
244] followed by EQ-5D (nine studies) [16, 17, 80, 95, 182, 197, 240, 299, 300].

3.5.9 PAIN OVER A SPECIFIED TIME FRAME

Pain over a specified time frame was evaluated in 21 measurement instruments from 31% (94/307) of
all studies (Table 2; Fig. 2). The most common outcome measure used for this domain (in 71 studies)
included various measures of pain (e.g., NPRS, Numerical Rating Scale (NRS), VAS) to assess pain at a
specific time (e.g., last 24 h, morning, duration of complaints) [5, 6, 30, 33, 38, 41, 46, 50, 51, 57, 60,
61, 69-73,75-77, 83,90, 99, 101, 103, 114, 116, 120, 125, 126, 131, 140, 153, 160, 163, 164, 175, 182,
184, 193, 196, 199, 200, 204, 215, 218-220, 224, 225, 229, 243, 246, 256, 259, 261, 262, 266, 267, 273,
276, 278, 280, 285, 295, 300, 301, 311, 313, 315, 317].

3.6 CANDIDATE DOMAINS

The ICON 2019 consensus statement identified candidate domains that were strongly debated and
believed to be relevant to tendinopathy but failed to reach > 70% agreement by a small margin [8].
Outcome measures extracted in this review related to three candidate domains (physical activity,
structure, adverse effects/events).

3.6.1 PHYSICAL ACTIVITY

The candidate domain physical activity was defined as overall physical activity levels including self-
report and measures with wearable sensors. The steering committee of this study identified five
outcome measures from 3% (10/307) of studies that were deemed more suitable for this candidate
domain than one of the core domains (Table 2) [3, 4, 18, 38, 47, 80, 82, 137, 195]. These outcome
measures were originally placed in the core domains participation, function and patient overall rating
by reviewers. ‘Level of physical activity’ was moved from participation for two studies and from
function for two studies. ‘7-Day Physical Activity Recall’ was moved from participation for two studies
and function for one study. The ‘Physical Activity Scale’ was moved from participation. ‘Level of activity’
was moved from patient overall rating. ‘Wallgren-Tegner Activity Scale’ was moved from participation.

3.6.2 STRUCTURE

Structure was reported in 19% (58/307) of the studies, with neovascularization being the most
frequently reported measurement instrument (20 studies) (Table 2; Fig. 2) [20, 24, 78, 82, 87, 99, 135,
147, 148, 170, 184, 185, 191, 192, 207, 287, 308, 312]. Structure was reported using 21 various
outcome measures of tendon morphological, vascular and mechanical properties using diagnostic
ultrasound, MRI and other imaging technologies. All measures relating to structure were originally
placed in the ‘other’ core domain by the reviewers.
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3.6.3 ADVERSE EFFECTS/EVENTS

Adverse events were reported as outcomes in 2% (6/307) of all studies [47, 167, 218, 219, 259, 286].
‘Complications’ and ‘Recalcification following surgery’ were each moved from the category ‘other’ for
two studies, respectively. ‘Hallux specific complications” was moved from function. ‘Frequency of
adverse events’ and ‘adherence’ were moved from the ‘other’ core domain.

3.7 ACHILLES TENDINOPATHY SPECIFIC DOMAINS

Four domains that did not achieve the threshold for core or candidate domain status (< 70%
agreement) for tendinopathy in the ICON 2019 consensus meeting were identified as relevant for
Achilles tendinopathy by the steering group. More than 48 studies had outcome measures relating to
this specific domain. These domains were range of motion, palpation, sensory modality specific pain,
and clinical examination findings (Table 2). The outcome measures assigned to these non-core domains
were originally assigned to other domains by reviewers and then moved after consensus between
reviewers and the steering committee. ‘Ankle range of motion’ was reported in 4% (13/307) of the
studies [17, 45, 48, 63-66, 85, 203, 242, 259, 296] and one study [259] reported first
metatarsophalangeal joint range of motion. ‘Pain and or tenderness with palpation’ was reported in
4% (11/307) of the studies [18, 37, 45, 48,53, 77,98, 113, 207, 234, 279], and ‘Sensory modality specific
pain’ was reported in 4% (14/307) of the studies [13, 42, 49, 60, 65, 90, 94, 105, 108, 177, 215, 218,
238, 309].

‘Clinical examination findings’ included various measures such as swelling (five studies) [14, 18, 45,
137, 284] and calf circumference (four studies) [197, 200, 212, 216].

3.8 RECLASSIFIED OUTCOME MEASURES

Seven strength outcome measures were moved to physical function capacity domain after consensus
between reviewers and the steering committee (Table 2). Isometric plantar flexion strength in one
study was moved from the ‘other’ category and from the ‘function’ category for another study.
Isokinetic strength in one study was moved from ‘other’. Plantar flexion peak torque was moved from
‘other’ for one study. Plantar flexion force was moved from ‘other’ for one study, plantar flexion
strength was moved from ‘function’ for two studies and the three were amalgamated with
‘nondescriptive strength testing’.

4 Discussion

The aim of this large systematic review was to synthesize all available outcome measures reported in
prospective studies investigating Achilles tendinopathy and categorize them according to core
tendinopathy domains identified by the ICON working group [8]. We identified 307 eligible studies,
which included a total of 10,981 participants. The proportion of studies that included outcomes for
core domains ranged from 4% for the psychological factors domain to 72% for the disability domain.
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In fact, aside from disability, all other domains were represented in 45% or less of the studies. There
were between five and 35 unique outcome measures utilized for each core domain and 177 different
outcome measures across all core domains. Commonly used outcome measures are the VISA-A
questionnaire (64% of the studies in the disability domain), pain with activity/loading (87% of the
studies in the pain on activity/loading domain), patient satisfaction (59% of the studies in the patient
overall rating core domain), and pain at follow-up (77% of the studies in the pain over a specified time
frame domain). Seventy-four studies (24%) reported outcome measures related to candidate domains
or tendinopathy and 58 studies (19%) reported outcome measures considered relevant to the Achilles
tendinopathy-specific domains.

4.1 WHY ARE THESE FINDINGS RELEVANT?

As evidenced by the findings of this review, researchers commonly utilize different outcomes to assess
the same domain. We even identified multiple outcome measures that described a similar
measurement, but in a slightly different way. This poses challenges for both researchers and clinicians.
A barrier to pooling in meta-analyses is the existing heterogeneity in outcome measure reporting for
a specific domain, and this limits efforts to synthesize current evidence to inform future research and
guide evidence-based practice. As such, the use of disparate outcomes measures is recognized as a
problem that contributes to research waste [318]. To address this issue there are emerging global
efforts to develop core outcome sets that are agreed by stakeholders (clinicians, patients, and
researchers). Leading the way in this area is the COMET (Core Outcome Measures in Effectiveness
Trials) Initiative (www. comet- initi ative. org). This group has both published a handbook [319] for the
process of developing a core outcome set and developed a COMET database. Our ICON Achilles
tendinopathy group seeks to achieve agreed-upon core domains and outcomes for Achilles
tendinopathy and our study is prospectively registered on the COMET database. We report the first
step of this process in this systematic review. This first step provides a relevant overview for
researchers and clinicians working with Achilles tendinopathy patients. It also contains the necessary
information that will form the basis of forming the core outcome set.

4.2 RELEVANCE OF THE NON-CORE DOMAINS

Among the non-core domains, the most frequently assessed was structure (19% of studies). This is
noteworthy because the structure domain narrowly missed the threshold for inclusion as a core
domain for tendinopathy in general, achieving 69% agreement [8]. There is currently limited evidence
supporting the change in structure outcomes following interventions [293, 320, 321] and the
prognostic value of structure outcomes [181, 310]. In response, an ICON sub-group was formed to
further guide, synthesize and develop outcome measures within the tendinopathy structure domain.
Other non-core (physical activity, adverse events) and Achilles tendinopathy-specific domains (range
of motion, palpation, sensory modality specific to pain and clinical examination such as calf
circumference) were assessed by a minority of studies (0.6% to 7%). It is important to allow
stakeholders to decide whether the new domains identified are worthy of inclusion as core for Achilles
tendinopathy (a function of the planned Delphi process—see Sect. 4.5).
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4.3 WHAT DOES THIS MEAN FOR RESEARCHERS AND CLINICIANS?

This systematic review provides a full overview of all available outcome measures for Achilles
tendinopathy. This can aid researchers and clinicians in selecting the most appropriate outcome
measures for their specific aim. As per the ICON consensus group statement [8], it is recommended
that core domains are used in research and clinical practice, although this does not prevent the use of
other domains, if relevant. For example, if an intervention that is aimed at improving range of motion
is being evaluated, it may be appropriate to include this as an outcome. We also caution against using
an outcome measure solely because it is commonly assessed in the literature without critically
appraising its clinimetric properties (part of the next steps in developing a core outcome set for Achilles
tendinopathy).

4.4 STRENGTHS AND LIMITATIONS

Our review is strengthened by the thorough search strategy in multiple databases, and study selection
and data-extraction processes conducted by teams of two independent team members. The extensive
reviewer team have no conflicts of interest that may impact on the validity of our review. There are
some limitations that should be highlighted. We did not include all study designs, such as small studies
with a sample size of less than ten and case studies. Given we included 307 studies spanning a 37-year
period we do not believe this would have substantially altered our review findings. A potential source
of bias is the steering group’s adjudication over disagreement between pairs of reviewers in assigning
outcomes to domains. To minimize this bias, we have been transparent in outlining the process we
followed, and we involved the original reviewers in all consensus decisions. The mapping of the
outcome measures to the domains will also be revisited in the next stage of the consensus for COS for
Achilles tendinopathy. A limitation is that we included a huge diversity in study populations and
diagnostic criteria. Although imaging is not recommended as an essential diagnostic tool [1], there is
ongoing debate about the diagnostic criteria for Achilles tendinopathy [322]. It could be argued that
we have not included a homogenous population of people with Achilles tendinopathy, but this does
not detract from our aim of identifying all available outcomes measures utilized for this condition.
Finally, we have reported imaging outcomes that were identified in our yield but this is not likely to be
a complete list as we excluded studies that only reported imaging outcomes.

4.5 FUTURE DIRECTIONS

The diversity in outcome measures identified in this review confirms the need to develop a core
outcome set for Achilles tendinopathy, to facilitate data pooling and inform practice in the near future.
The next step in the process of developing this core outcome set is to engage key stakeholders,
including patients, clinicians and researchers, to reach consensus regarding the outcome measures
(from the measures identified in this review), that should be used in research and practice. This
consensus process will involve a Delphi study with online survey and face-to-face meeting
components. Another critical component prior to recommending a core outcome set is to perform a
critical appraisal of the clinimetrics of the proposed outcome measures.
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5 Conclusions

In this systematic review 233 outcome measures assessing the clinical phenotype of Achilles
tendinopathy were identified and mapped into domains. Each core outcome domain was represented
by between 4% (psychological factors domain) to 72% (disability domain) of studies. There were
between eight and 35 unique outcome measures utilized for each core domain. The next step in
developing a core outcome set for Achilles tendinopathy is to engage key stakeholders, including
patients, clinicians and researchers, to reach consensus on key outcomes measures.
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