
  Sport Science Research

61
Milgrom

Bennell

cm

kg

CT

MIMICS

SolidWorks

ANSYS

Rohen Yokochi

Lemmon

Lichtwark Wilson

Ogden

Mechanical Response of Metatarsals at Different Inversion Landings
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Abstract: The article tries to explore the mechanical changes of metatarsals at different inversion

landings based on three-dimensional finite element model of foot. The result shows that the peak stress

concentration centers on the proximal part of the fifth metatarsal during inversion landing. This shows the

metatarsal stress distribution on landing. The model more or less reflects the forefoot metatarsal support

functions during abnormal landing and provides assistance for injury diagnosis.
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Figure 1  Three-Dimensional Solid Model of Foot
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Table    Foot Material Parameters and Unit Types

Table    Foot Soft Tissue and Achilles Tendon Material Pa-

rameters

Figure 2  Simulation of Foot Landing Position
(a) Normal Landing (b) 20o Inversion

Figure 4    Metatarsal Stress Distribution
(a) Normal Landing (b) 20o Inversion

Figure 5    Metatarsal Peak Stress Value at Different Posi-
tions of Landing

Figure 3    Sole Stress Distribution at Standing Position
 (a) Novel emed Measurement  (b) Finite Element Calcula-
t ion



  Sport Science Research

63

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

Gefen, A, Megido-Ravid, M, Itzchak, Y, Arcan, M. (2000). Bio-

mechanical analysis of the three-dimensional foot structure dur-

ing gait: a basic tool for clinical applications[J]. Journal of Bio-

mechanical Engineering,122, 630-639.

Chen, WP, Tang, FT, Ju, CW.(2001). Stress distribution of the

foot during mid-stance to push-off in barefoot gait: a 3-D finite

element analysis[J]. Clinical Biomechanics,16, 614-620.

Gu YD, Li JS, Ren XJ, Mark Lake. (2007).The mechanical re-

sponse of Achilles tendon during different kinds of sports[J],

Communications in Numerical Methods in Engineering, DOI:

10.1002/cnm.1096.

Rohen, J, Yokochi, C.(1988).Color Atlas of Anatomy-A Photo-

graphic Study of the Human Body, Second ed. Igaku-Shoin New

York, NY.

Cheung, JTM., Zhang, M, An, KN.(2004). Effects of plantar

fascia stiffness on the biomechanical responses of the ankle-

foot complex[J]. Clinical Biomechanics, 19 (8), 839-846.

Lemmon, D, Shiang, TY, Hashmi, A, Ulbrecht, JS, Cavanagh,

PR.(1997). The effect of insoles in therapeutic footwear: a fi-

nite element approach[J]. Journal of Biomechanics, 30, 615-

620.

Lichtwark GA, Wilson AM.(2005). In vivo mechanical proper-

ties of the human Achilles tendon during one-legged hopping[J].

The Journal of Experimental Biology,  208, 4715-4725.

Simkin, A.(1982). Structural analysis of the human foot in standing

posture. Ph.D. Thesis, Tel Aviv University,Tel Aviv, Israel.

Cheung, JTM., Zhang, M, Leung, KL, Fan, YB.(2005). Three

dimensional finite element analysis of the foot during standing -

a material sensitivity study[J]. J. Biomech, 38, 1045-1054.

Shereff MJ, Yang QM, Kummer FJ.(1991). Vascular anatomy of

the fifth metatarsal [J]. Foot and Ankle,11:350-353.

Richli WR, Rosenthal DJ.(1984). Avulsion fractures of the fifth

metatarsal: experimental study of pathomechanics[J]. Am J

Roentgenol,145,889-891.

Matheson GO, Clement DB, McKenzie DC, Taunton JE, Lloyd-

Smith DR, MacIntyre JG.(1987). Stress fractures in athletes. A

study of 320 cases[J]. Am.J.Sports Med, 15:46-58.

McBryde AM, Jr.(1985). Stress fractures in runners[J]. Clin.

Sports Med, 4:737-52.

Milgrom C, Giladi M, Stein M, Kashtan H, Margulies JY, Chisin

R et al.(1985). Stress fractures in military recruits:A prospec-

tive study showing an unusually high incidence[J]. J.Bone Joint

Surg.Br, 67:732-735.

De Cock A, De Clercq D, Willems T, Witvrouw E.(2005).

Temporal characteristics of foot roll-over during barefoot

jogging: reference data for young adults[J]. Gait Posture,21:

432-439.

Bennell, K., Crossley, K., Jayarajan.(2004).Ground reaction

forces and bone parameters in females with tibial stress fracture

[J]. Medicine and Science in Sports and Exercise,36, 397-404.

Wright IC, Neptune RR, van den Bogert AJ, Nigg BM.(2000).

The influence of foot positioning on ankle sprains. J Biomech,

33:513-519.

Baumhauer JF, Alosa DM, Renstrom PA, Trevino S, Beynnon

BD.(1995). A prospective study of ankle injury risk factors.

Am J Sports Med,23:564-570.

McKay GD, Goldie PA, Payne WR, Oakes BW.(2001).Ankle

injuries in basketball: injury rate and risk factors. Br J Sports

Med ,35:103-108.

Beynnon BD, Renstrom PA, Alosa DM, Baumhauer JF, Vacek

PM.(2001). Ankle ligament injury risk factors: a prospective

study of college athletes. J Orthop Res,19:213-220.

[1]

[2]

[3]

[4]

[5]

[6]

[7]

[8]

[9]


