Published Online: 2016.June.23 Review Article
- -

Review of the Concept of Stiffness in the Research on Mechanical
Properties and Behavior of Human Body and Its Measurement
Methods in Lower Extremity

Mojtaba Ashrostaghi®, Heydar Sadeghi?, Elham Shirzad?®

1. Department of Physical Education and Sport Sciences, Kharazmi University, Tehran, Iran,
2. Department of Sports Biomechanics, Kharazmi University, Tehran, Iran,
3. Department of Physical Education and Sport Sciences, University of Tehran, Tehran, Iran,

Received: 2015. December.29 Revised: 2016. May.23  Accepted: 2016. May.30

Abstract

Background and Aim: The material's resistance to deformation under loading is named “Stiffness”.
This concept is considered as an important factor in movement generation and neuromechanical
control of human body and is related to musculoskeletal performance and injury risk. Various
methods are presented to in vivo measurement of stiffness that may partially justify the mechanical
properties and behavior of structures, joints, or overall body. The purpose of the present review article
was to state the basic principles of stiffness in biomechanics, classification of various types of
stiffness measured in lower extremity, and presentation of the methods introduced to in vivo
measuring of them.

Conclusion: Seven types of stiffness including vertical stiffness, leg stiffness, joint stiffness,
musculo-articular stiffness, musculotendinous stiffness, tendon stiffness, and muscle stiffness were
recognized. Mass-spring model, dynamometry, free oscillation technique, quick-release method,
ultrasonography, and mayotonometery are used to measure these variables. In the assessment of
vertical and leg stiffness, overall lower body is considered as a unit component. Also, joint stiffness,
musculo-articular stiffness, and musculotendinous stiffness are measured in the level of one joint. As
for muscle stiffness and tendon stiffness, these structures are separately studied.
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1.Stiffness
2.Stress
3.Strain
4.Posture

J Rehab Med. 2017; 6(2):258-270



......... ohEss § (,8Gw)ihe

b oslo i3 oS o) & dias (SH) baasly Modlip wiamw 5> (b dlg 295 g0 odnel i K ol oy (F = KX) cul
w5t (NTVF) () 5 e 5L (NI e 530 kS

e gt & Cusl (g paie (e b 03 )1 pb jeSy Canols wlge (SlSe lacusls 1 05 (S Aol ye) yped -
joSumg i Caoglie eddly yidin )b Jlosl G poo a2 i ] itums g Sl Jole g 39480 4Bl plua] oSy Conols
20> Sy )3 oA Cuoglio (95 iyl s yef g oS il glgil layib diile 55 ayes Moagy sl ity JSG 505 il 0
cops D daly opl S F=DE Soloa 098 0 0kles oo bl 13 canlts cups ol ] S i sy b it
5 355wy Lolg i b gyl ooy el (NIM/S) il 2 o 2 59 el ccapd sy ABlo oy K g ol
25 Jhe yarm ybmp (a5 s Sy S0ty lsien 1y ol ) g 5 00 000l SizoVlgSigg o0le (St

iy Has PLEI Jols (Jlb s 95 oo mendl Jlb il 9 JUb (i 93 4 o) alde o IS oy e Je T
57 Silge StV e ol e Jold 25 w345 T b SMae Jao sl dlide SISy (ol 5l (b ¢ Jleb
olah] ol eMas )3 eadadg oy g )] By an gl W se (g ) (S 0sde S Vg Sit¥l 2p
Do o odaldo V el 3 b Jdo slinl

‘ TS SEC

PEC
81 (SEC) (g s Seiust¥ £33 (PEC) 5130 Seinst¥ £33 (CC) ol 23 1od Jia 13 132 a1 g

il e oy dae (S c)llo b ol (il ool Gl 5 cul MBS oy g o3l Jue S e oo
b e )5 i S| g9 My 5 0y oy IS 3 bagnigme 5 (] 3,Sbes lsisar (Sl g loges ol
Sy SVl e g Wilod S dblol | (Lol sla sy & Cunl aien slocdl plo g Lul jld) sailes (gjlge Szl e3>
S it Soytagpl cle > alae ) 01uds (55,0 4 Wloshs Sl i anl loleMibgne 5 el StV b, o1yl
Onizen g aliae (15 obS Clilgedy (o0 (slady 3 Slas p3ilSo ()05 Cand LS o s (0 oS i 4y oS il (95
Ol sl (A) caslio @b S5 9 (D) joo0 6 51 o Jo 53 (ool e el cpl o it yal ) J Y3 e 39Sy oS
Sy 4 oladd (553 e bl a5 3515 02t (LuSle Jao (dip Juo ply 3 () pgad) Cnl oad iS5 Mas 2Ll
5 es Sldlas > Jbplb M o ang o] snmd S5 o)l & gads a5 L) aae |8, 5 cul okl

Dgas o0 03 a3 e Jdo lien 9 3l Jlis 4y (3l Slasbre gllad (glodzy Jao oy bl OIS s sla gilwand
VY Jlo > oLSen 5 SAUNCEIS buwg & ol Jio sl €8 o ooy lp Jdo o osks tyd—0 o s S0 £
Sl Pl (i g 3,8 o Jai )3 (woSae Joil S S o alen |y (8 ol il Als po 3 (4 €S (el Mt 1))
Sl g ohgd Wlo S > d Jlog plul 13 aag lp (esSae Jol Joo WS (0 @l Juo (18 5385 5 e
sl b )by (538 5 Ve g £ dmy o YL Ken 5 CavAgNa hialis Jis 4 s cuslie (Jlgie s3900 (sloish )
&)l 1y yé-py> by VA Jlo ,» FICheng 3 McMahon , yaAd Jl ,» Blickhan oS> ol glos plul
Gt sl e S 05 o Jue ool i3 Sy b Sl plul IS g 3500 3 pete pr [She 50 o p o] )3 45 didges

5 Contractile Component (CC)

6 Parallel Elastic Component (PEC)
7 Series Elastic Component (SEC)
8.Phenomenological

9.Huxley Model
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