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Systematized review: Isokinetic evaluation in the assessment of upper extremity sports
Revision sistematizada: Evaluacion isocinética en la valoracion deportiva de extremidad superior.
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Abstract. Objective: A systematized review was carried out to identify the studies that during the last ten years have used isokinetic
equipment in sports in which the upper extremity is the basis of its practice, to provide an updated and detailed view of its use,
methodologies and the variables used to express their results. Methods: A systematized search of 10 years of information was carried
out, according to the PRISMA process, in the databases: Scopus, Web of Science, Pubmed, CINAHL, using combined terms: «isoki-
netic» «upper extremity», «upper limby, « sport», «exercises», «upper extremity». Results: 9406 articles were identified in the data-
bases for review, of which only 46 were selected based on inclusion criteria. Among the sports evaluated, 25 articles correspond to
sports with overhead throws (basketball, volleyball, baseball, handball, among others), followed by Paralympic sports with six articles
(basketball and volleyball). Sports such as swimming, judo, weightlifting, water polo, or combined sports complete the list. The shoul-
der rotator muscles were the most evaluated and the concentric-concentric modality was the most used. The variable moment is the
most reported, but the evaluation methodologies and selected speeds differ significantly between studies. Conclusion: The methodol-
ogies used are varied (i.e., selection of speed, type of muscular contraction, positioning, and dominance), and their selection was not
always oriented toward the functionality of sports practice. In addition, it was observed that some studies needed to specify the isoki-
netic modality used, leaving a gap in relevant information within the study methods and affecting their future replicability.
Keywords: Isokinetic evaluation; Isokinetic; upper extremity sports; upper limb.

Resumen. Objetivo: Se realizo una revision sistematizada para identificar los estudios que durante los ltimos diez afios han utilizado
equipos isocineticos en deportes donde la extremidad superior es base de su practica, para brindar una vision actualizada y detallada de
su uso, metodologias y variables utilizadas en sus resultados. Métodos: Se realizo una blisqueda sistematizada de 10 afos de informacion,
através de PRISMA, en las bases de datos: Scopus, Web of Science, Pubmed, CINAHL, utilizando términos combinados: «isokinetic»,
«upper extremity», «upper limb» , «deporte», «ejercicios», «extremidad superior». Resultados: Se identificaron 9406 articulos en las
bases de datos para revision, de los cuales solo 46 fueron seleccionados con base en criterios de inclusion. Entre los deportes evaluados,
25 articulos corresponden a deportes con lanzamientos por encima de la cabeza (baloncesto, voleibol, béisbol, balonmano, entre otros),
seguido de los deportes paralimpicos con seis articulos (baloncesto y voleibol). Deportes como la natacion, el judo, la halterofilia, el
waterpolo o los deportes combinados completan la lista. Los masculos rotadores del hombro fueron los mas evaluados y la modalidad
concentrico-concentrico fue la mas utilizada. La variable de momento o torque es el mas reportada, pero las metodologias de evaluacion
y las velocidades seleccionadas difieren significativamente entre los estudios. Conclusion: Las metodologias utilizadas son variadas (i.e.
seleccion de velocidad, tipo de contraccion muscular, posicionamiento y dominancia), y su seleccion no siempre estuvo orientada a la
funcionalidad de la practica deportiva. Ademas, se observo que algunos estudios necesitaban especificar la modalidad isocinética utili-
zada, dejando un vacio en la informacion relevante dentro de los métodos de estudio y afectando su replicabilidad futura.
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Introduction

The isokinetic dynamometer is the equipment used both
in the field of rehabilitation and in the area of human per-
formance to objectively evaluate muscle parameters that
determine the ability to generate force of each subject (Ba-
gordo etal., 2020; (Dvir & Miiller, 2020)

Variables such as moment (torque), power and work are
the most used to quantify similarities or differences be-
tween studies carried out for more than five decades and are
considered the gold standard for the evaluation of muscle
strength (Dvir & Miiller, 2020). This fact is due to the high
levels of technical reliability in the implementation of eval-
uations in the different joints of the human body (Edouard
et al., 2013). This evaluation method has significantly im-
pacted sports research, especially in the evaluation of the
lower extremity, with the knee joint being one of the most
evaluated (Ardern et al., 2016; Saragiotto et al., 2016).
However, its use in upper extremity assessments has been

95

less common, although its recording reliability is high (Ba-
gordo et al., 2020). It can provide a large amount of back-
ground for decision-making in sports practice. Sports such
as volleyball, boxing, basketball, baseball and swimming,
among others, use the upper extremity as a pillar of their
development, supported by its large number of degrees of
freedom and the functionality of its structure, linked to the
strength of the minor muscles. size, groups that must be ca-
pable of producing actions at high speed (Bragazzi et al.,
2020; Lawton et al., 2011). This is where the use of isoki-
netic evaluation becomes relevant both to determine the
sports performance of the upper limb function (Liu et al.,
2022; Spratford et al., 2020), asymmetries (Aedo-Mufioz
etal., 2023; Carvalho et al., 2019), load control and injury
prevention.

The complexity of isokinetic evaluation of the upper ex-
tremity lies in its high functionality. This condition can give
rise to a wide range of methodologies used for its evaluation
(position of the evaluation, speed of the test, modality of
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muscle contraction, and others). All of this background is
reflected in our research question: “What has been the use
of isokinetic equipment in the evaluation of sports that use
the upper extremity in the last ten years?”

Therefore, the objective of this study is to analyze the
studies carried out in the last ten years, where isokinetic
dynamometry was used for evaluations of sports that use the
upper limb in their sports practice in order to inform the
different methodologies and protocols used regarding of the
joints. evaluated, the different isokinetic modalities, the
speeds evaluated, and the variables reported in the studies.

Methods

The study was carried out according to the standards of
a systematized review following the recommendations de-
clared by Page etal. (2021). For the construction of the da-
tabase, studies that met the eligibility criteria, published
from 2011 to 2022, were analyzed. The following databases
were used: PubMed, Cinahl, Web of Science, and Scopus,
focusing on the use of isokinetic equipment and its use for
EESS evaluations in the practice of different sports. The
study has been approved by the institutional research com-
mittee and due to its nature, ethical approval was not re-
quired for its development. The search was carried out on
the same day by four authors independently in the four se-
lected databases, which included the following terms in
English: isokinetic; upper extremity; upper limb; exercises;
sport. For the use of the keywords, the boolean term [AND]
was used through the following combinations: «Isokinetic
AND upper extremity», «Isokinetic AND upper limb»,
«Isokinetic AND exercises», «Isokinetic AND sport». The
initial search results using the terms gave the same result for
cach of the authors (9406 articles). The articles were com-
piled and analyzed in the Zotero bibliographic organizer.
The inclusion criteria of the selected articles were the fol-
lowing: (i) period which includes between the years 2011-
2021; (ii) Types of documents: Clinical Trial, Journal Arti-
cle, Randomized Controlled Trial, Early Access, Article,
Proceedings Paper, and Academic Publications; (iii) sports
population (iv); English and Spanish language; (v) Age:
Adults 19 years of age or older. Subsequently, the authors
carried out the step-by-step eligibility process of the 46 se-
lected articles included in this systematized review (Figure

1). The articles were analyzed considering the sport, the
participants, movement-evaluated joint limb, modality,
and studied variables derived from the isokinetic evaluation.
The methodological quality assessment of included articles
was determined through the Downs & Black scale, Downs
and Black score ranges were given corresponding quality
levels as previously reported (Hooper, Jutai, Strong, &
Russell-Minda, 2008): excellent (26-28); good (20-25);
fair (15-19); and poor (<14).

Articles identified by database
search(Pubmed, Cinahl, Web
of Science y Scopus)

(n =94086)

} l

Articles after removing duplicates(n = 3554)

v

Additional Articles identified

Detection through other sources(n = 0)

Excluded articles
reviews = 56
(n=56)

Selected articles(n = 3498)  |-»

v

Full-text articles evaluated for
eligibility(n = 3498)

Eligibility

Full text articles excluded for
tile and abstract reasons:
Isokinetic assessment
including lower extremity or
trunk; the use of isokinetic
testing is not included; non-
target population for the study;

post-surgery isokinetic
evaluations; isokinetic
assessments for injury
treatment, injury presentation(n
=3449)

!

Articles excluded for not having
access to the journal's
database (n = 3)

Studies included in qualitative
synthesis (n = 46)

Included

Figure 1. Prisma Flow of studies about isokinetic evaluation in the assessment of

upper extremity sports
Results

Table 1. shows the selected studies about isokinetic
evaluation in the assessment of upper extremity sports, con-
sidering authors, participants, movement-evaluated joint
limb, modality, studied variables and methodological qual-

ity assessment.

Table 1.
Isokinetic evaluation in the assessment of upper extremity sports, considering authors, participants, movement-evaluated joint limb, modality, and studied variables.
o .. ~ N . .
Author Year N€ participant/ Gender Mov ement. evaluated Evaluation modality ' Quality assessment
Svort Age Joint Repetition Study variables [Downs & Black
P Athlete's condition Limb P score]
PT IR/ER (Mean and SD).
Ruivo et al.(9) Hmen PT FLEX/EXT (Mecan and SD)
’ 22.6(+3.2) Shoulder IR/ER CON-CON. '
2012 Elbow ELEX/EXT 60° 5.1 and 180° 5.1 PT/BW IR/ER (Mean and SD). 14
Professionals (n = 22 O“D ot S; an " PT/BW FLEX/EXT (Mean and SD).
Judo C rotessllona s(@ _ 22> m Tep. max. Ratio IR/ER (Mean and SD).
ontrol group (n = 22) Ratio FLEX/EXT (Mean and SD).
Girold et al.(10) 24 (12 men) . CON PT CON (Mean and SD)
2012 21.8 (£3.9) Shoulder EXT 60° s-1 and 180° s-1 PT ISOM (Mean and SD) 14

D limb.

PT ECC (Mean and SD)
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Swimming Professionals strength training ISOM
(n=8)
Professionals’ electrical stim- ECC
ulation (n = 8) 60° s-1
Control group (n = 8) 5 rep. max.
30 men
20.2 (+ 1.4) CON-CON

Laudner etal. (11)

‘Wrist PRON/SUP

90° s-1 and 180° s-1

PT PRON/SUP (Mean and SD)

2012 Professional pitch -3 ‘Wrist FLEX/EXT 5 410 PT FLEX/EXT (Mean and SD) 14
o PR ‘i‘rs ("1 ) Dand ND limb rep- max- e IEP pr/BW PRON/SUP (mean and SD)
Baseball o essw"? S_p°15’7;0" players e PT/BW PRON/SUP (mean and SD)
n=
Julienne et al.(12)
2012 10men Shoulder IR/ER. , CON-CON PT IR/ER (Mean and SD)
22.8 (+4.6) , 120° s-1 (IR) and 180° s- - e 14
D and ND limb. 1 (ER Fatigue index
Tennis L (ER)
Elite 35 rep. max
24 men
First Group: 28 (£ 1.1), o
Basar &Z(l)ilrgun(l 3 Second group: 26 (£ 3.1) Shoulder IR/ER Nc;tssgoea?ed
D limb. R > PT IR/ER (Mean and SD) 16
. Athletes trained in frontal ¢p- max Total power IR/ER (Mean and SD)
Paralympic basketball _
plane (n = 12).
Athletes trained in the scapu-
lar plane (n = 12).
Stock et al. (14) 20 men CON-CON.
2013 23 (£3) Elbow FLEX/EXT. 180° s-1. PT FLEX/EXT (Mean and SD) 1
D limb. 25/50/ 75/ Fatigue index (Mean and SD)
Weightlifting Athletes 100 Rep. max.
32 men CON-CON.
Andrade etal (15) 977 (3.7 60°s-1 and 300 °s-1  PT/BW IR/ER CON (Mean and SD)
2013 TE3D Shoulder IR/ER PT/BW IR/ER ECC (Mean and SD) 14
Professionals (n = 20 D and ND limb. ECC-ECC Ratio CON-CON (Mean and SD)
Handbeall ( _ ) 300° s-1 Ratio CON-ECC (Mean and SD)
Control group (n = 12)
5 rep. max.
Hong et al.(16)
2014 ST men CON-CON PT/BW RI (Mean and SD)
" -
20.08 (£ 1.64) Sh"gldeg II%ER 60°5-1 PT/BW RE (Mean and SD) 16
Baseball . an 3 rep max. Time to PT IR/ER (Mean and SD)
Professionals
Andrade et al.(17) 60° C?N-dcg)gjo 1 PT IR/ER CON-CON (Mean and SD)
2014 7 wome 5'5 ra: . *' PTIR/ER ECC-ECC (Mean and SD)
23 :: 3 4n Shoulder IR/ER P JIR/ER (Mean and SD)
Handball t34) . W IR/ER (Mean and SD) 16
D Limb. ECCECe Ratio IR/ER CON-CON (Mean and
Professionals 90° s-1 and 300° s-1 atlo SD-) (Meanan
5 rep max. Ratio IR/ER CON-ECC (Mean and SD)
15 Elbow FLEX/EXT C(g()l\(f)—E?C PT/BW FLEX/EXT CON-ECC
Follmer et al.(18) 2.5 n;e: c D and ND limb 9 setof § > (Mean and SD)
2015 S (E43) SCLOLS TP MAX- b1/ BW FLEX/EXT ISOM 45°,90 6
- Professionals EIBOW;;EDXI/.E)ET SOM and 120° (Mean and SD)
iu-Jitsu an im| o ano .
45°,90° y 120
3 set of 5 rep. max
20 men ISOM
25(£5) 90° FLEX
B”s"‘“zgtl ;1'(1 %) Elbow FLEX/EXT 2rep. PT 90° FLEX ISOM (Mean and SD)
Athletes °“D - PT FLEX/EXT CON-CON (Mean 15
. 1 CON-CON AND SD)
swimming 60° s-1 and 180° s-1
5rep.
39 men CON-CON PT 45° CON-CON (M dSD)
i ) 4 - - ean an
Lin eztoall's(zo) . Atﬂ‘lletes‘ 1?‘250<g Of; , Shoulder [RV/ER 45°,75°and 90°  PT 75° CON-CON (Mean and SD)
ontrol group: 20.6 (£ 2.2) D"“d ;rD Vi 60°s-1,120°s-1and  PT 90° CON-CON (Mean and SD) 14
B an 1 210° -1 Ratio IR/ER CON-CON (Mean and
Baseball College athlete (n = 20),
3rep. SD)
Control group
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n=19).
PT IR/ER CON-CON (Mean and
SD)
CON-CON PT IR/ER ECC-ECC (Mean and SD)
Andrade etal. 1) 10 60°-1 and 300° s-1 W RI (Mean and SD)
ndrade et al. men
2016 23.1(£2.8) Shoulder IR/ER > rep- W RE (Mean and SD)
D Limb J RI (Mean and SD) 20
Handball Elit ECC-ECC J RE (Mean and Sd)
andba ¢ 90° s-1and 300°s-1  Ratio [IR/ERCON-CON (Mean and
5rep. SD)
Ratio IR/ER ECC-CON (Mean and
SD)
Vodicka et al.(22) 13 men Vl\;n: dFII:IEDXl/ir]ii)(T Not specified
2016 33.23 (£ 7.94) B : 120°5-1,180%s-1 and  PT/BW FLEX/EXT (Mean and SD) 6
240°s-1.
Aikido Recreational Not specified
Borms et al.(23 CON-CON PT IR/ER CON-CON (Mean and
© 52812'( ) 60° 5-1 and 180° s-1 SD)
Shoulder IR/ER 5rep. and 15 rep PT IR/ER CON-ECC (Mean and SD)
op 29 (14 men) . .
Different sports (Volle}z— 21.6(+2.5) D and ND limb. CON-ECC
ball, Basketball, Badmin- 60° 5.1
ton, Handball, Tennis). s
Athletes of 3 rep.
Volleyball (n = 16) 19
Basketball (n = 8)
Badminton (n =3), CON-CON PT FLEX/EXT CON-CON (Mean
Handball (n =1) 60° s-1 and 180° s-1 and SD)
Tennis (n =1). Elbow FLEX/EXT 5repand 10rep.  PT FLEX/EXT ECC-CON (Mean and
w
. SD)
D and ND limb. ECC.CON
60° s-1
3rep.
Shoulder and wrist Not specified
FLEX/EXT., 90° 5.1 PT FLEX/EXT SShDo)ulder (Mean and
Akinoglu & Kocahan(24 D and ND limb. 5 . sub:
T o an(24) 12 men and e A FOP- SIPMAE T BLEX/EXT Wrist (Mean and SD)
28.91 (£ 5.0) i PT/BW FLEX/EXT Shoulder (Mean
Not specified and SD) 15
. -y o - o -
Paralympic basketball Professionals Shoulder an wrist 60° s-1 and 240° s-1 PT/BW FLEX/EXT Wrist (Mean and
FLEX/EXT 5 rep. max and 15 rep D
D and ND limb. max. . )
Ratio (Mean and SD).
b etam;‘a;";al‘(zs) 10 men PT IR/ER CON-CON (Mean and ra-
CON-CON tio)
+
Judo B1(x43) Sh"ull)dlei;]lllj/ ER 180° 5-1 Ratio CON-CON (Mean and Ratio) 20
Professionals ’ 4 rep. Angle of motion to PT CON-CON
s (Mean and Ratio)
CON-CON
o o
Castro et al.(26) 26 men 607 13’010800 i—l and
2017 23.4 (£ 4.1) >
SDhouiid:IDRl/,Ei 12 setof Srep Ratio CON-CON (Mean and SD) 2
Handball Elite(n=13) an m CON.ECC Ratio ECC-CON (Mean and SD)
Control Group (n=13) 60° 51,180° 5.1 and
300° s-1
12 set of 5 rep
Angle position (Mean and SD).
Wilson & Greig(27) 25 (15 men) Shoulder IR/ER .
2017 g 2 D limb Not specified
’ 120° s-1 18
30 rep.
Different sports Athletes <P
Geber et al.(28) »
2018 . T; , Shoulder IR/ER CON-ECC PT IR/ER (Mean and SD)
1 @73 D and ND limb 60° s-1 and 300° s1 JIR/ER (Mean and SD) 16
Surf Professional Not specified W IR/ER (Mean and SD)
rofessionals
Weissland et al.(29) 46 men Shoulder IR/ER CON-CON PT/BW IR/ER CON-CON (Mean 8
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2018 Players: 23.4 (£ 4.1), D and ND limb. 60° s-1 and 180° s-1 and SD)
Control Group: 23.0 (+ 2.7) 3rep. PT/BW IR/ER ECC-ECC (Mean and
Basketball SD)
Elite ECC-ECC Ratio CON-CON (Mean and SD)
60° s-1. Ratio ECC-CON (Mean and SD)
3rep.
Haines (30)
2018 #9men ECC-ECC
Super League players: 5
26.6 (£ 3.9 24071
Rugby Semi ) (f_ ) " Shoulder IR/ER 4 rep. PT IR/ER ECC-ECC (Mean and SD)
e“;;p;o fs;‘;’“a : D and ND limb. PT IR/ER CON-CON (Mean and 17
232 CON-CON sD)
240° 5-1
(SL) (n= 25), ior *
(SP) (n= 24) P
24 (11 men)
Ga“degoe]t;l‘(al) 22.8 (+4.3) Shoulder IR/ER CON-CON PT IR/ER CON-CON (Mean and
D limb. 240° s-1 SD) 19
o Professionals 50 rep.
Swimming
19 women
Kulunkoglu et al.(32) 9.6 (+ 4.71
2018 BEATD Shoulder FLEX/EXT "
D and ND limb Not specified PT FLEX/EXT CON-CON (Mean
. Paralimpic Athletes (n =10), 60° s-1 and 180° s-1 and SD) 13
Paralympic basketball i o
Person without disabilities 5rep. and 10 rep.
(n=9)
CON-CON
o o
Shoulder IR/ER, 60° s-1 and 240° s-1 PT IR/ER CON-CON (Mean and
D limb 3rep SD)
PT/BW IR/ER CON-CON (Mean
Olivier & Daussin(33) 15 women ECC. and SD)
2018 22(+2) 60° s-1 PT RE ECC (Mean and SD)
Sh‘glﬁerbER 3rep. PT/BW RE CON (Mecan and SD) 18
Waterpolo Professionals m PT EXT CON (Mean and SD)
CON PT/BW EXT CON (Mean and SD)
;hO‘jCErDEIXTb 60° 51 and 240° s-1 Ratio IR/ER (Mcan and SD)
an m 3 rep and 20 rep J EXT (Mean and SD)
50 men
Vanderstukken et al.(36) Players: 18 — 28
2018 Control group: 19 — 28 Shoulder IR/ER CON-CON PT IR/ER (Mean and SD)
D and ND limb 60° s-1 and 180° s-1 Ratio IR/ER (Mean and SD) 17
Hockey Elite (n = 25) 5rep. and 15 rep. JIR/ER (Mean and SD)
Control group (n = 25)
Wagner et al.(35)
2019 72 men Shoulder IR Not specified
21 (ES 4 D Limb 150° s-1
Handball . Not specified PTIR (Mean and SD) 19
Professionals
44 men
Athletes of:
Hockey: 22.45 (£ 2.06)
. +
Erdogan et al. (37) \:Hedy]:’ '“ﬁl 2222 '5368 <+* 13 '6209 ) PT FLEX/EXT (Mean and SD)
2019 5 Z“ ) at iy 4<jr o 3> Shoulder EXT/FLEX CON-CON PT/BW FLEX/EXT (Mean and SD)
adminton: 21.4 (£ 1.73) D and ND limb 60° 5-1 J FLEX/EXT (Mean and SD) 19
Different sports Hockey (n =16) 5 rep. W FLEX/EXT (Mean and SD)
Volleyball (n = 8)
Handball (n = 9)
Badminton (n = 11)
28 women CON-CON PT IR/ER CON-CON (Mean and
Olivier & Daussin(38
ier 201a9ussm( ) Players: 22 (£ 2) Shoulder IR/ER 60° s-1 and 240° s-1 SD)
Control group: 22 (£ 3) DoudeNrD limb 3rep.and 12 rep. PT IR/ER ECC-ECC (Mean and SD) 1
Waternol o " Ratio IR/ER CON-CON (Mean and
aterpolo Professionals (n = 18) ECC-ECC SD)
Control group(n = 10) 60°s-1 Ratio IR/ER ECC-CON (Mean and
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4 rep. SD)
JIR/ER (Mean and SD)
. PT IR/ER (Mean and SD)
Hame;g;;l'(”) 29 men Shoulder IR/ER CON.ECC PT/BW IR/ER (Mean and SD)
+ oulder - . )
26.8 (X 4.1) D and ND limb 240° 5.1 Ratio IR/ER COSI\DI>CON (Mean and 15
Rugby Professionals #rep. Ratio IR/ER ECC-CON (Mean and
sD)
PT/BW IR/ER CON-CON(Mean
and SD)
Marcondes et al. (40) PT/BW FLEX/EXT CON-CON
2019 20(10 women) (Mean and SD)
Men: 26 (+ 4) ShShf;ldeFrLIEF;//E;XT CON-CON PT/BW ABD/ADD CON-CON
Judo Women: 21 (£ 2) ou cer o ) o (Mean and SD)
Shoulder ABD/ADD 60° s-1 and 180° s-1 JIR/ER (M dsD) 12
. ean an
Professionals D and ND limb 5 rep. and 15 rep. J FLEX/EXT (Mean and SD)
J ABD/ADD (Mean and SD)
Ratio IR/ER CON-CON (Mean and
SD)
Moradi ctal. (41) #men CON-CON
Athletes trainined in 5 A
2019 . 60° s-1,120° s-1 and
Open chain: 23.2 (£ 3.3) 180° 5.1 PT IR/ER CON-CON (Mean and
Swimmin Close chain: 24.2 (£ 4.2) Shoulder IR/ER S re > SD)
W .
g Control group: 23.4 (* 3.8) Not specified P PT IR/ER ECC-ECC (Mean and SD) 6
. _ ECC-ECC
Open chain (n = 15) 60° s-1,120° 51 and
Close chain (n = 15), 180° 5.1
Control group (n = 15). 5rep.
22 men C(zgtc?N PT IR/ER CON-CON (Mean and
Marvne et al. (42 23(£2.7) ) s SD)
an “; 52 g -42) Shoulder IR/ER rep- PT IR/ER ECC-ECC (Mcan and SD)
Athletes D and ND limb ECC.ECC Ratio IR/ER CON-CON (Mean and 17
SD)
I o -
Athletics 6071 Ratio IR/ER ECC-CON (Mecan and
3rep.
SD)
Ahmailoeztoal *3) 3123 8(6312“1) Shoulder IR/ER CON-CON PT IR/ER CON-CON (Mean and
BEAD D and ND limb 60° s-1 and 180° s-1 SD) 14
Volleyball Professionals 5 rep- and 10 rep.
PT FLEX/ABD/RE (Mean and SD)
28 men Combined movement PT EXT/ADD/RI (Mean and SD)
Seco Calvo et al.(44) 273 (+ 4.4 Shoulder FLEX/ABD/RE Not specified PT/BW FLEX/ABD/RE (Mean and
2020 SERD Combined movement 60° s-1 and 180° s-1 SD) 23
Professionals (n = 12 Shoulder EXT/ADD/RI Not specified PT/BW EXT/ADD/RI (Mean and
Basketball o “’te’imm s(n= 1s> D and ND limb SD)
ontrol group (n ) Ratio CON-CON (Mean and SD)
Zago et al. (45) 24 men Shoulder IR /ER Not spoemfled
2020 22 (42 D limb 120° s-1
&2 1 3 set of 32 rep. Fatigue index 12
Overhead sports Athletes
48 men
24.5 (+2,62)
Gurkan &zgzoéunuk(4-6) Athletes of Forearm SUP/PRO Not specified
cres ol D and ND limb. 30°s-1and 120°s-1  PT/BW SUP/PRO (Mean and SD)
Table Tennis (n = 12) S setof § 10
Different sports Badminton (n = 12) setot > rep:
Tennis (n = 12)
Control group (n = 12)
Maroto Izquierdo et al. 18 men Shoulder IR/ER CON-CON PT IR/ER CON-CON(Mean and SD)
47) Isoinertial flywheel: 23.3 (£ DoudeNrD limb 60°s-1, 180° s-1 and W IR/ER (Mean and SD) 18
2020 4.1) an m 240° 5-1 PW IR/ER (Mecan and SD)
Pneumatic resistance: 24.9 5

rep.,10 rep. and 10 Ratio IR/ER CON-CON (Mean and
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Handball (£4.5)
Professionals trained in isoin-
ertial flywheel (n = 9)
Professionals trainned in
pneumatic resistance (n = 9)

rep. SD)

Ahmadi et al. (48)

2020 12 (6 men)

Men: 32.8 (+ 4.1)

Paralympic Volleyball
aralympic Volleyba Women: 30 (* 8.9)

Shoulder IR/ER
D and ND limb

CON-CON
60° s-1 and 180° s-1
5rep. and 10 rep.

PT IR/ER CON-CON(Mean and SD)
JIR/ER (Mean and SD)

Professionals
Vanderstukken et al. (49) fg m;‘; PT IR/ER CON-CON (Mean and
2020 n Shoulder IR/ER CON-CON SD)
Elit =9 D and ND limb 60° s-1 JIR/ER CON-CON (Mean and SD) 14
1 n —
Hockey el )_ 5rep. Ratio IR/ER CON-CON (Mean and
Control group (n =25)
SD)
Kim et al. (50)
2020 #9men Shoulder IR/ER | CON-CON PT/BW IR/ER (Mcan and SD)
23.5(+3.3) / 60° 51 and 180° s-1. :
D and ND limb o Ratio IR/ER CON-CON (Mean and 15
Volleyball Not specified SD)
¥ Professionals
houlder IR/ER
shoulder IR/ CON-CON hombro
. Shoulder FLEX/EXT o "
Villacieros et al. (51) 60° s-1 and 180° s-1,
12 men Elbow FLEX/EXT
2020 99.91 (+ 7.27 D and ND limb 5 rep. PT IR/ER (Mean and SD)
ALET.2D and PT FLEX/EXT men (Mean and SD) 19
Paralympic basketball Elit CON-CON codo PT FLEX/EXT codo (Mean and SD)
e 60° s-1 and 150° s-1,
10 rep.
DOddszgtzgl.m) 8 men Not specified
20.94 (£ 1.21) Shoulder IR/ER o O speclee PT IR/ER CON-CON (Mcan and
K 180° s-1 and 300° s-1 18
Baseball D Limb 5re SD)
College athletes P
PT IR/ER CON-CON (Mean and
SD)
PT IR/ER ECC-ECC (Mean and SD)
Cobanoglu etal. (53) ’ 552 e CO6§O’ ?ION PT/BW IR/ER CON-CON (Mean
2020 S (+3.9) Shoulder IR/ER . > and SD)
_ B D and ND limb rep- PT/BW IR/ER ECC-ECC (Mean and
Basketball Professionals (n =18) sD) 17
asKetbal . —
Paralympic atheletes_(nf 17) ECCC;ECC Ratio IR/ER CON-CON (Mean and
Control group(n=17) 90° s-1 sD)
Srep: Ratio IR/ER ECC-ECC (Mean and
SD)
36 men
Freitas et al. (34
el aszgzj B9 35.6 ( 1.6) CON-CON PT/BW IR/ER (Mean and SD)
Shoulder IR/ER 60° 5-1,180° s-1 and JIR/ER (Mean and SD) 19
Paralvmic basketball Athletes (n =18) D and ND limb 300° s-1 W IR/ER (Mean and SD)
aralympic basketba Control group (n = 18) 5rep,5 rep and 10 rep Ratio IR/ER (Mean and SD)
Klich et al(54) 24 men Shoulde?’ IR/ER CON. CON PT IR/ER CON-CON (Mean and
2021 21,75 (+-2,23) D limb D00 o1 SD) o
S Ratio IR/ER CON-CON (Mean and
3 sert of 32 rep
Overhead Sport Athletes SD)

IR: internal rotation — ER: external rotation — FLEX: flexion — EXT: extension — PRON: pronation - SUP: supination — ABD: abduction — ADD: adduction - D:
dominant — ND: no dominant — CON: concentric — ECC: eccentric — ISOM: isometric - PT: peak torque — W: work — PW: peak work — J: joules - BW: body weight

— SD: standard deviation

Discussion

The objective of this systematic review was to analyze
the studies carried out in the last ten years, where isokinetic
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dynamometry was used for evaluations of sports that use the

upper limb in their sports practice in order to inform the

different methodologies and protocols used regarding the

joints. evaluated, the different isokinetic modalities, the
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speeds evaluated and the variables reported in the studies.

Among the sports evaluated, 25 articles correspond to
sports with overhead throws (basketball, volleyball, base-
ball, handball, among others), followed by Paralympic
sports with six articles (basketball and volleyball). Sports
such as swimming, judo, weightlifting, water polo or com-
bined sports complete the list of disciplines evaluated. Pro-
fessional athletes were the population that presented the
most studies compared to elite athletes. This fact may be
associated with the high cost of isokinetic equipment and
access to evaluations in university biomechanics laborato-
ries, sports clubs and high-performance centers.

The shoulder was the one with the highest number of
assessments carried out during the analysis of the studies,
reaching 36 articles; followed by the elbow joint with three
articles and five articles that included more than one joint.
The high percentage of measurements that the shoulder
reaches at the level of the upper limb is associated with the
fact that this joint presents a wide variability of movements
involved in the execution of different technical gestures in
these sports (Bakshi & Frechill, 2018). Shoulder rotations
are the most evaluated function. This fact is associated with
the high rate of injuries reported in the rotator muscles of
the shoulder in different studies that evaluated athletes who
practice overhead sports (Asker et al., 2018; Lin et al.,
2018).

Different positions were used for the evaluation test of
the shoulder rotator muscles. In the study by Lin et al.
(2015), three different positions were used to evaluate the
rotators with 90° abduction, 70° abduction and 45° abduc-
tion. As reported in previous studies (Freitas et al., 2021),
shoulder abduction at 45° is recommended in the rotator
test because the upper limb is positioned in the scapular
plane, presenting higher levels of force and more safety in
the movements.

The isokinetic muscle evaluation modality selected de-
termines the type of contraction to be evaluated in the test
(concentric, eccentric and isometric) and, therefore, the
levels of muscle strength that are achieved during the eval-
uation, given the selection of these variables must be ac-
cording to the functions performed in each of the Sports.
From the analysis of the data it can be deduced that all eval-
uations were carried out analytically (specifically in a plane
of movement). Only the study by Seco Calvo et al. (2020)
used the assessment of joint movements (multiple planes of
movement). The most used muscle contraction evaluation
modality in the selected articles was the concentric-concen-
tric (CON-CON), present in 27 studies. Nine studies used
combined assessments with concentric, eccentric and iso-
metric contractions, and only one evaluated isometric con-
traction (ISOM). Of these, only the study by Girold et al.
(2012) evaluated the shoulder extension movement in 3 dif-
ferent contractions, which is rare since it is always preferred
to use agonist versus antagonist movements imitating the
functionality of sport. It is important to emphasize that 10
of the studies reported in this review do not specify the mo-
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dality of muscle evaluation performed, a serious methodo-
logical error that prevents the consideration of these studies
for future work. Considering the above, these ten studies
were not included in the discussion on the selection of
speeds and variables used.

Although the largest percentage of studies were con-
ducted in throwing sports, few studies used the functional
relationship or the concentric-eccentric modality that
measures the relationship between agonist/antagonist mus-
culature in the plane of movement. This situation makes us
question whether the tests carried out are consistent with
the actions carried out by the athletes and whether they re-
flect the performance of the subjects. Maloney et al. (2019)
highlight the importance of dcfining and diffcrcntiating dif-
ferent sports, the required skills and mastery during the ex-
ecution of a task. This fact is important when designing the
protocol used during the evaluations. The sports involved
in the selected studies are primarily associated with the use
of alimb (e.g., throwing sports); Despite this, the design of
their evaluation protocol involved measuring the dominant
and non-dominant limb to have a comparison parameter
that allows them to accentuate the differences between
limbs. There were 15 studies in which only the dominant
limb was evaluated; This methodological decision can only
be justified in the case of Dodds et al. (2020), who evalu-
ated baseball players who, due to the nature of the sport,
tend to throw solely and exclusively with their dominant
arm. Only the study by Shahpar et al. (2019) did not specify
which limb was evaluated, this being a critical methodolog-
ical error.

Another essential methodological parameter corre-
sponds to the selection of the evaluation speed. The most
used speeds were the modality of 60°/s and 180°/s (9 arti-
cles) followed by 60°/s (7 articles), more than three speeds
in the same study (9 articles). The maximum speed chosen
for an evaluation was 300°/s, corresponding to the evalua-
tion of university baseball players. Of the 46 studies in-
cluded in this review, only 10 justify the selection of test
speed. Laudner et al. (2012), for their part, justify the use
of low speed to guide their study with a more clinical than
functional approach. Gerber et al. (2018) base their choice
on speeds of 60°/s and 300°/s to evaluate maximum force
and force resistance, respectively.

On the other hand, Girold et al. (2012) and Lin et al.
(2015) created their protocols considering the speeds func-
tionally used in sports gestures. At the same time, some au-
thors (Ahmadi et al., 2020a; M. S. Andrade et al., 2013;
Cobanoglu et al., 2020; Detanico et al., 2017; Klich et al.,
2021; Maroto-Izquierdo et al., 2020) selected the evalua-
tion speed based on other previous studies. Speed selection
in isokinetic evaluation is a determining factor, considering
the mechanical and neuronal adaptations involved in muscle
contraction (Lin et al., 2009). Although the isokinetic
equipment already has established protocols (60°/s, 120°/s
and 180°/5), it is essential that the authors justify the selec-
tion of speeds in their evaluation and that these are directly
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related to the objective of the research considering their ap-
plicability. in sport.

The isokinetic dynamometer is considered the gold
standard for measuring strength and provides many evalua-
tion variables (peak moment, peak moment normalized to
body weight, work, power), which can be used to obtain
other common variables such as ratios. It is common for au-
thors to present more than one variable in their results (37
studies). Despite this, most of the studies included in this
review reported results and primarily discussed the changes
that occurred in the peak time variable. This fact coincides
with the findings of Serensen et al. (2021) presented in a
systematic review of the use of isokinetics in shoulder eval-
uations. The question about the peak time variable is not
current. Morrissey et al. (1987) pointed out that the peak
moment, being a point within a curve, does not represent
the function of the muscle in an evaluation, but neither does
the work (W), which is a minuscule variable used in studies.
Amaral etal. (2014) reviewed the relationship between dif-
ferent variables used in isokinetic evaluations. They pointed
out that the variables of total work and average work were
associated with a greater correspondence with the ability to
generate momentum in athletes. In another study, it was
found that, when evaluating subjects with shoulder injuries,
despite their injury, they maintained the ability to generate
a maximum moment similar to that of the uninjured arm.
On the other hand, when analyzing the work variable, sig-
nificant differences were found when comparing the af-
fected limb with the non-injured one, so using the peak mo-
ment variable could not represent muscle strength (Lin et
al., 2009).

The ratios were also declared variables in the results of
several studies. The Ratios are percentage ratios of moment
(using the peak moment) depending on the modality evalu-
ated (Functional Ratio and Conventional Ratio). Of the se-
lected studies, 22 used this variable, with the Functional Ra-
tio (CON/CON) being the most common. Thirteen of
these studies used conventional and functional relationships
(CON/EXC). This variable has been of interest in different
studies, both in the clinical and sports fields, to detect mus-
cle imbalances expressed as a percentage. Despite this, its
use has been questioned due to its low technical reliability
in detecting imbalances with its different methods due to
the use of the peak moment variable for its determination
(Cozette etal., 2019).

When carrying out an analysis of the different method-
ologies used to evaluate sports where the use of the upper
limb isinvolved, we believe that it is necessary that in future
studies, different tests can be carried out such as a kinematic
analysis to define the different speeds to be used in the iso-
kinetic tests, as well as the use of variables such as Work(W)
variables, as well as new representation methods are pro-
posed, thus improving the interpretation of the results of
muscle function both for sports performance and for the de-
tection of imbalances, so that the information obtained is
helpful to Trainers, physical trainers and rehabilitation pro-
fessionals.
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The limitations of the article was; i) the number of da-
tabases used for the search, which may leave articles out of
this analysis, ii) the methodological limitations carried out
in the studies, leaving out key elements such as the evalua-
tion modality and the if the speed is close to the actual prac-
tice of the sport, limiting its reproducibility, iii) Isokinetic
contraction is not considered physiological, so it does not
necessarily reflect the reality of muscle function, but to date
it is the gold standard for evaluations of strength of the dif-
ferent body segments.

Conclusions

This systematized review is based on providing updated
information from the last ten years on the use of isokinetic
assessment in sports that use the upper extremity, highlight-
ing its evaluation protocols and results. The analysis of the
46 selected articles shows that the most effective use is in
throwing sports, evaluating the shoulder joint mainly in in-
ternal/ external rotation movements.

The methodologies used are varied (i.e., selection of
speed, type of muscular contraction, positioning, and dom-
inance), and their selection was not always oriented toward
the functionality of sports practice. In addition, it was ob-
served that some studies needed to specify the isokinetic
moda]ity used, ]eaving agapin relevant information within
the study methods and affecting their future replicability.

Despite multiple variables selected to report the results,
peak moment continues to be the most used to the detri-
ment of the work, which several authors have reported as a
variable that is more sensitive to performance in sports ac-
tivities. Future research addressing isokinetic testing in up-
per extremity sports should address these considerations.
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