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AnnoTtanusna: pdeKT coKpalleHNs MBI TPUBOIUT K JIMHAMUYECKOMY IBUKEHHUI0 BpalllaTeTbHbIX WU
CTATUYECKH CTAOWIU3UPYIONIUX KOHTAKTHBIX CUJI [1] B 3aBUCHMOCTH OT apXUTEKTYpPhl CyCTaBa, a TaKiKe
OpTaHU3AaIMU MBIIIIEB 10 OTHOIIEHUIO K OCSAM JBMKEeHUsI. [13-32 3TOTO CKeJIETHBIE MBIl UMEIOT BJIe-
MeHTapHOE 3HAUeHHe B peaIu3aliii BceX GUBNUECKUX TBUKEHUH.

HecMoTps Ha 3HAUYUTETBHYIO ITOJJIEPKKY B TOBCETHEBHOU JKU3HHU (IT0€3/1Ka B MAIIIFHE), MBIIIIHI paboTa-
0T MO-TIPEKHEMY, OHM He3aMEeHUMbI BO MHOTHX cdepax CerofHsIIHeH ku3uu. Cria MBIl B TOM, YTO
OHA MOJKET UCIIBITATh CTAOMILHOCTD, & TAK)KE, UBMEHEHU CKOPocTH. OTHAKO IMO’bEM U IIEPEHOCKA I'PY30B
TaKIKe SIBJISIETCS YaCThI0 TPO(hEeCCHOHATPHON PYTHHBI MHOTHX MBI [2]. MBIIIeUHast CHJIa TaK:Ke OKa3bI-
BaeT 3all[UTHOE JIEUCTBUE Ha 3/I0POBbE, TAK KAK BO3PACTHAS MOTEPS CHUJIBI (CADKOIIEHHUS) YaCTO aCCOIUHU-
pyeTcsi ¢ YMEHBIIIEHHEM MBIIIIEYHOTO pa3Mepa U PyHKIHH [3, 4] - 5TO MOKET HMPOSIBJIATHCS B CHUKEHUU
Ka4yecTBa *KU3HU [5, 6], CHIMKEHUY TTOBKHOCTH [2, 7] ¥ IOBBIIIIEHHOM PHCKE TaJIEHUs Y IIOCTPaaBIINX
MMOKUJIBIX Jiiozeit [8].

B criopTe s, Ha paboTe WIN B YKPEIUIEHUH 37I0POBBSA - €CJIU YIyUIlIeHHe UIETCS B OHON U3 3TUX 00JIa-
CTeH TYJIOBUINA - IIPOYHOCTh U CTAOMIBHOCTD TYJIOBUIA UMEIOT Oosbioe 3Hauenue [9]. Texymmuii naTe-
pec TPOSIBJISIETCS. B TOM, UTO TYJIOBUINE (GYHKITHOHATIBHO SIBJISIETCS KUHETHUECKUM 3BEHOM, CITIOCOOHBIM
repe/iaBaTh KPyTAIIUKACA MOMEHT MEK/Ty BEDXHUMH U HIKHUMH KOHEUHOCTAMH [10]. B 3TOM KOHTEKCTE
3/I0POBBIM U TIOJTHOCTHIO (DYHKITMOHAITHHBIA TTO3BOHOUYHUK JIOJIKEH OTBEUYAThH CJIEIYIOIIUM TPeOOBAHUSIM:
C OTHOHM CTOPOHBI, OJIKHA OBITH BBICOKAsI CTENEHD MOIBUKHOCTH BO BCEX CETMEHTAX U IJIOCKOCTSIX JIBU-
JKeHUs M03BOHOYHMKA. C APYTro# CTOPOHBI, IPU JUHAMUYECKUX U CTATHUECKUX HArPy3Kax J0JIKHA OBITH
ONTHMaJIbHAS U cOaJIaHCHPOBaHHAS MBIIIIEYHAS CUJIa, U PA00TOCIIOCOOHOCTD MBIIIII] TYJIOBHIIA U IIer [11].
B a/1IeKBaTHOM COCTOSTHUY MBIIIIIBI TYJIOBHIIA COOTBETCTBEHHO CIIOCOOCTBYIOT IIPABUILHOMY BBITTOJTHEHHUIO
JIBUPKEHUU BCETO TeJIa B PaMKax 3aHATUH crIOpToM [12], mpodeccrnoHaIbHOU AEATETHHOCTHIO, GUTHECOM U
IIOBCEIHEBHOM JIEATEILHOCTRIO [13].

Ecnu ke, ¢ APYTOIi CTOPOHBI, UMEETCSI MBIIIIEUHAs HEeJIOCTATOYHOCTD WK AucOaIaHC B TYJIOBHUIIE, 3TO MO-
JKeT IPUBECTH K MpobyieMaM B CIIOPTUBHOH, MPOGeCCHOHATBPHON WM MTOBCETHEBHOM JI€ATEILHOCTH TI0-
CTPa/IaBIIUX [14, 15] WX K HAPYIIEHUSM 3710pOBb [10, 16, 17].

Ocoboe 3HaUEeHNE UMEIOT ITPO0JIEMbBI CO CITUHOM U CBSA3aHHbIE ¢ HUMH OOJIN B CIIMHE. Y3Ke B ITPEKHHUE TO/IbI
Kraus et al. [18] mpuriies1 k BbIBOAY, 4TO GOJIBITUHCTBO 60JIel B CIIMHE KPOETCS B BOBHUKHOBEHUH MBIIIIEY-
HOU ¢s1a00CTH MYCKYJIaTyphl TYJIOBHUIIA, UTO OBLIO MOATBEPIK/IEHO MHOTUMU MOCIEAYIOIIUMU HCCIIE/I0BA-
uusamu. CorstacHo Roy et al. [19] aTa MpIllieuHas HEZIOCTATOYHOCTH BHI3BIBAET O0JIee BHICOKYIO HATPY3KY Ha
[AaCCUBHBIE TKAHEBBIE CTPYKTYPHI, YTO BBI3BIBAET JIET€HEPATHBHBIE U3MEHEHUsI, TPABMbI U 00U B CIIMHE.
Jl71s1 TorO, YTOOBI PEAOTBPATUTh OOJIN B CIITHE U CEPbEe3HbIE TPABMBI JIFOOOTO PO/ia, a TAaKIKe JIEUUTh UX
1esiebHO, HEOOXOIMMAa COOTBETCTBYIOIIAS CUJIOBAas TPEHUPOBKA MBIIIIIL CIIUHBL. B omoHenue k [lamiok
[20], MHOTHE ApyTHE HCCAEAOBAHUSA IOKA3JIH, YTO CUJIOBBIE TPEHUPOBKH JIJIS MBIIIII TYJIOBUINA B TEYEHHE
JUINTETLHOTO TEPHO/Ia BPEMEHH IIPUBEJIN K YBEJIMUEHHIO U30METPUUECKON MaKCUMaJIbHOW TPOYHOCTH K1
JaJbHEHIIero CHUKeHUs 00JIEBBIX CHMIITOMOB.

B pesysibrare omnpejiesieHa U KOJIMYECTBEHHAS OIlEHKA CHJIBI TyJIOBUINA. OHA MTO3BOJISET MOJIYIUTD IIPEJI-
CTaBJIEHHE O TEKYIIeH TPOU3BOUTEILHOCTH U 3/TOPOBBE UeIOBeKa [21], a TaK:Ke CITIOCOOHOCTh YCTaHABIIH-

BaTh, IOKYMEHTHPOBATD U OIEHUBATh IIPOTPAMMBbI BMeIIaTeIbCTBa [22]. O/THOU 13 BO3MOKHOCTEH OIIpe/ie-
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JIEHUSI CHJIBI - KaK OJTHON M3 OCHOBHBIX XapaKTEPUCTUK JIBUTATEJIS - ABJISIETCS U3MePEeHHe MaKCUMaIbHOU
cusbl. [ToToMy UTO"...MaKCHMAaIbHAS CHJIAa — 3TO Pa3Mep, KOTOPBIM OMHUCHIBAET CUIOBOE CBOHUCTBO MBIIIIIBI
AHAJIOTMYHO CBOHCTBY mmokasaresieit MIIK, xapakTepusymoIiemMy BBIHOCIHBOCTE" [2, p. 66]. CuioBbie nu-
HaMOMETPHI, CIIENHAIbHO pa3paboTaHHBIE JJIs ATOU 11eJIH, OOBIYHO MBITAIOTCS OIPEETUTh TeHEPUPYEMbIE
OJTHO - ¥l TPEXOCHBIE TTOSICHUYHBIE MOMEHTBI MBIIIII] TYJIOBUINA ¥ OJHOBPEMEHHO HMUTHPOBATh H30METPHU-
YyecKue, N30KUHETUYECKIEe WU APYTHE MBIIIIeUHbIe TeicTBUs [23].

JInarHO3 TPOYHOCTHU TYJIOBUINA BaKEH: IMMOPA3UTeNIEH TOT (GAKT, UTO /IO CHX IIOp HET eMHOTO MHEHUs B
KOJIMYECTBEHHOM OTIPe/IeJIEHUH OIITUMAJIbHBIX MIPOIIEIYP U METO/IOB UCIBITAHUH, KOTOPBIE OYAYT UCIIOJIb-
30BaThcA [22].

B pesysibraTe, B HacTosillee BPEMsI CYIIECTBYeT MHOKECTBO PA3JIMYHBIX JUATHOCTHYECKHUX arlapaTtoB/
yCTpoIicTB. B ¢BsA3HM ¢ 3TUM HacTosIIasi paboTa HallpaBjeHa Ha TO, YTOOBI 1aTh 0030p COBPEMEHHBIX /Tha-

THOCTHUYECKUX YCTPOHCTB. OnucaHne caMux yCTPOUCTB MOKHO HAUTH B IIPEJICTABIEHHOH JINTEpaType.

Hdas qurupoBanusn: Felder H.*, Bursch S., Rast T. OnucarenpHbiii 0630p: TUHAMOMETD JIJIsl ©U3MeEpe-
HUsI MBIIII] TYJI0BUIIA. [1e/JarOrMKO-IICHXOIOTHYECKIE i MEIUKO-OMOJIOTHUECKUE TPOOIeMbl (PU3HUECKOi

KYJIBTYPHI U cIIopTa. 2019; 14(1): 4-17. DOI 10.14526/2070-4798-2019-14-1-4-17

Introduction

The contraction effect of muscles results in
either dynamically moving rotational or statically
stabilizing contact forces [1], depending on the joint
architecture involved as well as the organization
of the muscle courses in relation to the movement
axes. Because of this, skeletal muscles are of
elementary importance in the realization of all
physical movements.

Even though numerous machines are a
considerable support in everyday life, muscle work
is still indispensable in many areas of life today.
Muscle power is the prerequisite that both one's
own body and objects can experience stability as
well as speed changes. However, lifting and carrying
loads is also part of the professional routine of
many employed persons [2]. Muscle strength also
has a protective effect on health, since age-related
strength loss (sarcopenia) is often associated with
reduced muscle size and function [3, 4] - this can
manifest itself in a diminished quality of life [5, 6],
reduced mobility [2, 7], and an increased risk of
falling in the affected older adults [8].

Whether in sport, at work or in health
promotion - if an improvement is sought in one
of these areas - trunk strength and stability are of
great importance [9]. The current interest is evident
insofar as the trunk is functionally a kinetic link
that can transmit torque between the upper and
lower extremities [10]. In this context, a healthy
and fully functional spine must meet the following

requirements: On the one hand, there must be a
high degree of mobility in all segments and planes of
motion of the spine. On the other hand, under both
dynamic and static loads, there must be optimal
and balanced muscle strength and performance of
the trunk and neck muscles [11]. In an adequate
condition, the trunk muscles accordingly promote
the proper execution of whole-body movements
within the performance of sports [12], professional
activities, fitness and everyday activities [13].

If, on the other hand, there is muscular
insufficiency or imbalance in the trunk, this can lead
to problems in the athletic, occupational or everyday
performance of those affected [14, 15] or to health
impairments [10, 16, 17].

Especially back problems and associated
back pain are of particular importance. Already in
earlier years Kraus et al. [18] has the conclusion that
the majority of back painliesin the origin of muscular
weakness of the trunk musculature, which was
confirmed by many subsequent studies. According
to Roy et al. [19] this muscular insufficiency causes
a higher load on the passive tissue structures,
which causes degenerative changes, injuries and
pain in the back. In order to prevent back pain
and serious injuries of any kind as well as to treat
them curatively, a corresponding strength training
of the back muscles is indispensable. In addition to
Pullock's [20], many other studies have shown that
strength training of the trunk muscles over a longer
period of time has led to an increase in isometric
maximum strength and a further reduction in pain
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symptoms.
As a the

quantification of torso strength provides insight

result determination and
into the current performance and (back) health of
an individual [21], as well as the ability to establish,
document and evaluate intervention programs [22].
One possibility to determine force - as one of the
basic motor characteristics - is the measurement
of maximum force. Because "...the maximum force
is a size which describes the force property of the
muscle in a similar way to the VO2max which
characterizes the endurance property" [2, p. 66].
Force dynamometers specially developed for this
purpose usually try to determine the generated one-
to three-axis lumbar moments of the trunk muscles
and at the same time simulate the isometric,
isokinetic or other muscle actions [23].

The
important: astonishing is the fact that there is

diagnosis of trunk strength is

still no consensus in quantifying the optimal test
procedures and methods to be used [22]. As a result,
there are currently numerous different diagnostic
apparatuses/devices. On the occasion of this
diversity and lack of transparency, the present work
with the following overview aims to give an overview
of current diagnostic devices.

Methods

In the databases PubMed, BASE and LIVIVO
aliterature search was carried out with the following
keywords: back OR lumbar OR trunk OR core AND
strength AND analysis OR performance. All studies
were considered that carried out an instrument-
based trunk force measurement. Later in the process
these dynamometers were integrated into an
overview table. In addition, further dynamometers
are listed which were found exclusively via the
search engine Google.

Results

Table 1 - Display of a selection of devices.

Dynamometers Parameters Sources
(pictorial sources: retrieved 6.
November 2018)
BfMC CTT Pegasus Unit Nm [1]
Form of contraction isometric
Planes trunk extension/flexion
trunk rotation
trunk lateral flexion
additional:
ROM-Training
http://www.bfme.info/eng/index.  Position sitting
php?cs=4-2
BfMC CTT Kolossos Unit Nm [2]
Form of contraction isometric
Planes trunk extension/flexion
trunk rotation
trunk lateral flexion
http://www.bfmc.info/eng/index. Position sitting

php?cs=4-4
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BfMC CTT Minotaur

http://www.bfmc.info/eng/index.
php?cs=4-8

Biodex Sytem4 Pro

https://www.proxomed.com/de/
produkte/biodex_system_4_pro-60.
html

CITEC hand-held
dynamometer

http://citec.nu/frm/uk.htm

CSMi Cybex Norm Isokinetic
Dynamometer

http://cdn.intechopen.com/pdfs/36700/InTech-
Muscular_performance_assessment_of _trunk_

extensors_a_critical _appraisal_of_the_literature.

pdf

Unit
Form of contraction
Planes

Position
Unit

Form of contraction

Planes

Position

Unit

Form of contraction
Planes
Position

Unit

Form of contraction
Planes
Position

Nm
isometric

cervical extension/
flexion

cervical lateral flexion
trunk extension/flexion
trunk rotation

trunk lateral flexion

sitting

Nm

concentric/
excentrically/isometric

trunk extension/flexion
modularly expandable:

ankle, knee, shoulder,
elbow, wrist and hip

sitting
N
isometric
arbitrary
arbitrary
Nm
dynamic

trunk extension/flexion

standing

[3]

[4]
[5]

(6]
[7]

(8]

[9]

[10]

[11]
[12]

[13]
[14]

[15]

[16]
[17]

[18]

[19]
[20]
[21]

[22]
[23]
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David Unit
Form of contraction
Planes

https://www.davidhealth.com/
solution/spine-solution/

Position
DIERS myoline professional Unit
Form of contraction
Plane
https://diers.eu/de/produkte/
muskelkraftmessung/diers-myoline/
Position
DigiMax ISO-Check Unit
Form of contraction
Planes
http://www.digimax-systems.de/
index.php/de/produkte/iso-check
Position

kg [24]
dynamic [25]
consisting of six devices: [26]

cervical extension/
flexion

cervical rotation
cervical lateral flexion
trunk extension/flexion

trunk rotation

trunk lateral flexion
sitting

N [27]
isometric [28]

cervical extension/
flexion

cervical lateral flexion
trunk extension/flexion
trunk rotation

trunk lateral flexion

additional:

knee extension/flexion

hip adduktion/
abduktion

elbow extension/flexion

shoulder external
rotation/internal
rotation

sitting
kg [29]
isometric

cervical extension/
flexion

cervical lateral flexion
trunk extension/flexion
trunk rotation

trunk lateral flexion

additional:

knee extension/flexion

butterfly/butterfly
reverse

sitting
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DigiMax Iso-CheckMobil Unit
Form of contraction
Planes

http://www.digimax-systems. Position
de/index.php/de/produkte/iso-
checkmobil

Dr. Wolff BackCheck 607 Unit
— Form of contraction
Planes

https://www.dr-wolff.de/trainings-  Position
diagnostik.html#trainings-diagnostik

D&R IsoMed 2000 Back Unit

Modul

Form of contraction

Planes
Positon
http://www.isomed2000.de/
downloads/TDat_BM_ Eng.pdf
Ergo-Fit Torso Check Unit
Form of contraction
i__ . Planes
b
[\ ; Position
'} L
= -
_"'-\-..q_-'_'___.-—'-_

https://www.ergo-fit.de/ergo-fit/
produkte/torso-line/torso-check/

kN
isometric
trunk extension/flexion
trunk rotation
trunk lateral flexion
additional:
knee extension/flexion

pressure and traction of
upper extremities

sitting

kg
isometric

cervical extension/
flexion

cervical lateral flexion
trunk extension/flexion
trunk lateral flexion
additional:

pressure and traction of
upper extremities

standing

Nm

concentric/
excentrically/isometric

trunk extension/flexion
additional:

modularly expandable
sitting

Nm
isometric
trunk extension/flexion
trunk rotation
trunk lateral flexion
sitting

[30]

[31]

[32]

[33]
[34]

[35]
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Hoggan MicroFET®2 Unit Ibs/N/kgf [36]
Form of contraction isometric [37]
dynamic [38]
Planes arbitrary [39]
MicroFET 3 additionally [40]
measures the range of
motion (inclinometer) [41]
Position arbitrary
https://hogganscientific.com/product/microfet2-
muscle-tester-digital-handheld-dynamometer/
HubEX LEX Unit / [42]
Form of contraction / [43]
Planes lumbar extension/
flexion
Position supine
"
https://www.komachine.com/en/company/dae-
yang-mechanics-hubex/detail/
Isostation B-200 Unit / [44]
Form of contraction dynamic [45]
isometric [46]
Planes trunk extension/flexion [47]
additional:
isoinertial felxion-
repetition test
http://cdn.intechopen.com/pdfs/36700/InTech- POSitiOIl standing
Muscular_performance_assessment_of trunk__
extensors_a_critical_appraisal_of the_literature.
pdf
JTECH Medical Commander . [48]
Echo MMT Unit kg
Form of contraction isometric [49]
Planes arbitrary [50]
Position arbitrary [51]
https://www.jtechmedical.com/shop-now/
Commander-Echo-Muscle-Testing-Starter-
Kit-p89053317
Lafayette Instrument Unit Tbs/N/kg [52]

Modello1165
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Form of contraction isometric [53]
Planes arbitrary
Position arbitrary
http://lafayetteevaluation.com/products/
lafayette-hand-held-dynamometer
MedX lumbar extensor Unit Ib [54]
Form of contraction dynamic [55]
isometric (at seven [56]
angels of trunk flexion) 5
Planes lumbar extension/ [57]
flexion 57
Position sitting
https://www.medxonline.de/trainingsgerate/
erhaltliche-stationen/le-lumbar-extension/
Physiomed Con-trex TP 500 Unit Nm [58]
- Form of contraction concentric/ [50]
excentrically/isometric 59
Ln Planes trunk extension/flexion [60]
"'\t d Position standing
%L’
https://www.physiomed.de/
produkte/con-trex-tp-500/
Proxomed Tergumed 710 Unit Nm [61]
Form of contraction isometric (strength
diagnostic)
3 dynamic
= ' E (feedbacktraining)
Planes consisting of five
’ ’ L devices:
cervical extension/
flexion
cervical rotation
! cervical lateral flexion
http://www.soreha.net/Home/ trunk extension/flexion
nav/134/id/62.html
trunk rotation
trunk lateral flexion
Position sitting

11
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Schnell 4back-Paket
Professional

1

https://www.schnell-online.de/de/produkte-
detail/13-g4back-professional/453-4back-paket-
professional/?previd=97

Unit

Form of contraction

Planes

Position

Stolzenberg Dynamed Iso-

Check Unit
Form of contraction
Planes
https://stolzenberg.org/site/de/
product.php?id=107
Position
Takei T.K.K.5402 BACK D Unit
- Form of contraction
i Planes
Position
http://www.takei-si.co.jp/en/
productinfo/detail/50.html
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