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Abstract. Anthropometric data and data about hand
strength could be a very important assistance for the
ergonomic design of products, such as hand tools, machines
etc. The aim of this study is to collect data about hand
strength and dimensions of the hand-arm-system of a
representative general population in Germany. The study
design includes measurement of the maximal isometric
strength in three typical cases — pulling, gripping and turning.
Also a 3D-scanner was used to determine the anthropometric
data of the hand-arm-system of the participants involved. In
this article, the methods and first results of this study are
described.
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1. INTRODUCTION

From the ergonomic point of view, data about hand
strength and hand dimensions are of particular importance.
In order to develop ergonomically well-designed tools (e.g.
pliers or screwdrivers), it is helpful to know about hand
dimensions and strength of potential users. Certainly, there
are a number of anthropometric databases in Germany.
However, depending on the time of measurement, it is
questionable, whether these data still represent today's
general public. This is particularly true for data on hand
dimensions. Also, no coherent data on hand dimensions and
force are available.

II. METHODS

To analyse a large sample of the general public, a
standardised method inventory was developed. It consists
of a standardised background questionnaire (e.g. age,
gender, occupation, sport activities, body weight and
height), a 3D scanner to determine relevant hand
dimensions and a force-measure-stand to determine
maximum forces. The maximal isometric force was
determined in three cases, including pulling, gripping and
turning.

A. Standardised measurement of force

Participants within this study were asked to exert the
maximal isometric force possible on MVE-level (Maximum
Voluntary Effort). For this purpose, a test stand with three
selected force cases was developed (Fig. 1). Because the
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measurement should be carried out in a standing position, a
height-adjustable design of the test stand was selected. This
allowed, despite intra-individual ~ variations of
anthropometric dimension, taking similar body postures by
adjusting the height of the test stand.

To achieve a high level of standardisation and
reproducibility, the body posture for the selected force
cases was specified. For each case, an optimal body posture
was defined in such a way that participants could perform
hand forces under similar and advantageous conditions
(Fig. 2).

As an orientation for the measurement of the pulling
strength, we used the body postures described in other
studies (e.g. Kluth et al, 2007): body in upright position,
muscles of the hand-arm-shoulder system involved in force
exertion, other arm rests on designated grip to support
upper body (Fig. 2, left picture).

Fig. 1. Height-adjustable test-stand
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Fig. 2. Body posture while measuring

Fig. 3. Jamar-Dynamometer with threads for adjustment of the hand grip

For the measurement of the grip strength, a Jamar-
Dynamometer was used. The standardised dynamometer
was modified for a continuously variable adjustment of the
grip size (Fig. 3). The American Society of Hand
Therapists (ASHT) recommends a standardised body
posture for measurements by using Jamar-Dynamometer
(Fig. 2, picture in the middle), which was adapted for the
study design by standing position. In this regard, the elbow
should be in flexion at 90°, while the forearm and wrist
remain in a neutral position.

For the measurement of the torque strength, three
screwdrivers with different handle sizes were provided
(Fig. 4), and the torque was actuated in the supination
direction (Fig. 5). The body posture for this case was
adapted from previous studies (see Strasser and Wang,
2007). This allowed a comfortable standing body posture
without twisting along the spine (Fig. 2, right picture). By
the rotation of the screwdriver with the right hand the
subject stands left from the test stand (the same but
mirrored position for the left hand), toes form a line at an
angle of 60° to the longitudinal axis of the screwdriver.

Fig. 4: Screwdrivers used in this study

Fig. 5. Direction of rotation by performing torque

B. Method of measurement

For the purpose of standardisation and coherent study
design the square method was used, i.e. increasing to and
holding of maximal force over a predetermined period of
time. The measurement of isometric maximal strength
confines to 2 - 6 seconds (Rohmert et al., 1992). Because
many untrained persons might participate in this study, the
duration of holding the maximal force was decreased to 3
seconds. In this regard, participants were asked to build up
their force to a maximum over a 1-second period and to
hold the maximal force for 3 seconds (Fig. 6). In the
meantime, the software automatically recorded the strength.
The strength result is the mean-score during the first two
seconds after the 1-second build up phase.
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Fig. 6. Trend of the maximum muscle strength:
male and female persons in the course of life
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Fig. 7. 3D-scanner (left) and measuring templates (right)

C. Collecting anthropometric data of the hand-forearm
system

A 3D-scanner was used to collect anthropometric data of
the hand-forearm system. Besides, data that could not be
measured by the 3D-scanner was determined with the help
of measuring templates.

III. RESULTS

Up to now, 976 subjects (age: 5-91 years) participated in
this study, including 335 women and 641 men. In the first
analyses only the maximum forces were considered.
Generally, women achieved approximately 2/3 of the
maximum force level of men. The smallest gender
differences were found between young persons (younger
than 14 years). From approx. 15 years to the end of 70
years, the development of forces in both genders is about
the same. Up from the age of 80 years, an increasing
difference between forces of female and male participants
was observed. The group of the 40 to 44-year-old men
achieved the highest force values. Women between 35 and
39 years performed the maximal forces. The maximal
forces in the neighbouring age groups were only slightly
lower.

IV. DISCUSSION

Interestingly enough, the level of force only slightly
differs among participants in the age from 20 to 60 years.
These results are not in accordance with most data from
literature, like e.g. from Hettinger (1983). In that
publication (among others), the 20 to 25 years old males
were described as strongest, with decreasing force with
increasing age (Fig. 8).
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Fig. 8. Trend of the maximum muscle strength: male and female persons
in the course of life (Hettinger, 1983)
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Inna Levcéuka, Patriks Serafins, Kristofs Mulemaijers, Martins Koihels, Andre Klussmann, Hansjuergens Gebhardts. Roku izméra un atsevisku
cilvéku roku spéka noteik$ana, izmantojot Vacijas iedzivotaju pieméru

Cilveka antropometriskie dati un dati par ta roku spéku ir produktu, tadu ka rokas instrumenti (piem&ram, plakanknaibles vai skriivgriezi), darbgaldi u. tml.,
ergonomiska dizaina svariga sastavdala. Sa pétijuma merkis ir datu vakSana par Vicijas iedzivotaju roku speka un roku un apak$delma izmériem. Liela
kolektTva analizei tika izstradats standartiz&ts inventars. No vienas puses, subjektivo datu par projekta dalibniekiem vakSanai tika izstradata standartiz&ta
aptaujas lapa ar jautajumiem par vecumu, nodarbosanos, sporta nodarbibam, kermena masu un augumu, u.tml. No otras puses, objektivu datu noteiksanai
tika izmantots 3D skeneris — roku attiecigo antropometrisko datu vaksanai, ka ari izméginajuma stends — maksimala izometriska (statiska) spéka mérisanai
tris tipiskakajos gadijumos — vilces, saspieSanas un vérpes. Ta ka mérijumi tika veikti pozicija stavus, tika izv€léta péc augstuma reguléjama izméginajuma
stenda konstrukcija, kas atlava petijuma dalibniekiem iepemt lidzigas kermena pozicijas, neskatoties uz individualam atSkiritbam. P&tjjuma piedalijas 976
cilveki: 335 sievietes un 641 virietis. Datu starpanalizé tika ieklauts tikai maksimalais roku spéks. Viszemakas sasniegta spéka dzimuma atSkiribas tika
atklatas starp jauniem cilvékiem, kas ir jaunaki par 14 gadiem. No 15 1idz 80 gadiem abu dzimumu sp&ka attistiba notiek aptuveni vienadi. Viriesi vecuma
no 40 lidz 44 gadiem un sievietes vecuma no 35 1idz 39 gadiem sasniedza maksimalo spéka Iimeni. Tas ir interesanti, ka sp&ka ITmenis starp pétljuma
dalibniekiem vecuma no 20 lidz 60 gadiem atSkiras tikai nedaudz. Iegitie rezultati neatbilst datiem musdienu literatfira sniegtajiem datiem, kura gan viriesi,
gan sievietes vecuma no 20 1idz 25 gadiem sasniedza maksimalo sp&ka limeni. Paslaik p&tnieku kolektivs turpina datu vaksanu. Gala rezultati tiks prezent&ti
institiita publikacija $a gada beigas.

Huna Jlepuyk, Ilatpuk Cepadpun, Kpucrodp Mroaemaiiep, Maptun Koiixean, Auap3 Kiarocemann, Xancopren I'edxapar. Onpeaenenue pasmMepos
PYK M OTAeJBLHBIX CHJI PYKH Ye/I0BeKa Ha NpuMepe HaceleHus I'epmannu

AHTPOIIOMETPUYECKHIE JaHHBIC YeIOBEKa M JaHHBIC O CHJIC €ro PYK SIBISIOTCS BAXKHOH COCTABIIAIONICH IPrOHOMHYHOIO Ju3aifHa NPOIYKTOB, TAKHX KaK
PYH4HBIC HHCTPYMEHTHI (HaIIpUMep, MIIOCKOTYOIbI MIIM OTBEPTKH), CTAHKU H T.II.

Ilenplo DaHHOTO MCCIENOBaHHS SBIsSETCS cOOp MAaHHBIX O CHJIE PYK M pa3MepoB PyKH H IpeAIuiedbs HaceneHus I'epmanuu. [{nsg aHamms3a OOJIBIIOTO
KOJIIGKTHBA ObUI pa3paboTaH CTaHJapTH3HPOBAaHHBIN HHBeHTapb. C ONHOI CTOPOHEI, Ui cOOpa CyOBEKTHBHBIX JAHHBIX 00 y4YacTHHKAaxX HPOEKTa ObLI
pa3paboTaH CTaHJIapTU3MPOBAHHBII ONPOCHBIN JIMCT C BONPOCAMHU O BO3pacTe, poJie 3aHATHH, 3aHATHH cHopTOM, Macce M pocre Tena u 1.1. C apyroit
CTOPOHBI, A ONpeJeNleHHs 00beKTHBHBIX TaHHBIX, OBLT HCIOIb30BaH 3D-ckaHep — Ans cOopa COOTBETCTBYIOIIUX aHTPOIOMETPHUYECKHX NAHHBIX PYK, a
TaK)Ke HCIBITATeNbHBIH CTEHA — JUIS U3MEPEHHS MAKCHMAJbHON H30METPHYECKOil (CTaTHYECKON) CHIIBI B TPEX THIUYHBIX CIydasX — TATH, COKUMaHUS U
kpydeHus. T.K. U3MepeHUs NPOBOAATHCS B IOJIOKEHUH CTOs, ObLIa BhIOpaHa peryiaMpyemas IO BBICOTE€ KOHCTPYKIMs HCIBITaTEILHOIO CTEHJAA, YTO
MI03BOJIMJIO yYaCTHHKAM HCCIEJOBAHUS IPHHAMATE CXOAHBIE IIOJIOKEHHS Tella, HeCMOTPS. Ha HHANBUAYaIbHBIC Pa3InIHs.

Ha naHHBIE MOMEHT B MCCIICJIOBAHUH MPUHSIN yuyacTue 976 yenoBek, B TOM 4uciie 335 sxeHmuH u 641 Myx4uH. B mpoMexyTOUHBINH aHaIU3 TaHHBIX OBLIH
BKJIIOYCHBI HMCKJIIOYUTEIBHO MaKCHUMalbHble ycuius pyk. Haubonee HU3KHE TeHAEPHBIC pa3iM4Msl JOCTHTHYTHIX YCHINI ObUIM OOHApYXEHBI MEKIY
MOJIOABIMHE TI0AbMH Monoxe 14 net. C 15-tu u 1o 80-Tu seT, pa3BuTHE CHIIBI 00OHX IIOJIOB IPOUCXOJUT IPUMEPHO OJUHAKOBO. MyXUHHEI B Bo3pacTe oT 40
110 44 51eT ¥ JKEHIIUHBI B Bo3pacTe oT 35 10 39 j1eT JOCTUTIIM MAaKCUMAJIBHOTO YPOBHS CHIIBI.

JI1060MBITHO, YTO YPOBEHb CHIIBI CPEIH YUYACTHUKOB HCCIIEAOBaHHS B Bo3pacTe oT 20 10 60 JieT oTiinYaeTcs JULIb He3HAYUTeIbHO. [loydeHHbIe Pe3yIbTaThl
HE COOTBETCTBYIOT JaHHBIM U3 COBPEMEHHOU THTEPaTypHl, B KOTOPOIl M My XUHHEI H JKEHITHHEI B Bo3pacTe 20 10 25 jeT JOCTHIIIM MaKCHMAaIbHOTO YPOBHS
CHUIBL.

VccnenoBatenbckuil KOJUISKTHB 3aHHMAeTCsl B JaHHBIH MOMEHT cOOpOM JanpHeiummx JaHHbIX. KoHe4yHble pe3yibTaThl OyayT IpeACTaBICHBI B BHIC
IyOJINKAK HHCTUTYTA B KOHIIE TEKYIIEro roja.

49



