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Objective: The purpose of this study was to compare the physical characteristics (bone mineral
density, joint muscle strength) and running biomechanics between older adults and young
adult runners to understand the changes of running strategy by aging.

Method: Bone mineral density (Dual Energy X-ray Absorptiometry, USA) of lower lower extremity
and muscle strength (Cybex Humac Norm [DEXA], CSMI, USA) were measured to identify the
physical characteristics of 10 elderly (age: 67.70+3.30 yrs, height: 1.68+0.04 m, mass: 67.70+3.80 kg)
and 10 young adults (age: 21.20+0.42 yrs, height: 1.73+0.06 m, mass: 72.11+4.15 kg). Running
data was collected by using an instrumented treadmill (Bertec, USA) and 7 infrared cameras
(Oqus 300, Qualisys, Sweden). Two-way repeated ANOVA analysis was used to analyze results
at a significant level of .05 with Bonferroni post hoc analysis.

Results: Compared to the young adult group, the elderly group showed statistically significant
difference in physical characteristics and in running characteristics. Elderly runners showed lower
BMD and muscle strength compared with young runners (p<.05). In the running parameters,
elderly runners tend to show shorter contact time and stride length compared with young runners
(p<.05). In the joint angles, elderly runners showed smaller range of ankle motion compared
with young runners (p<.05). Finally, elderly runners showed lower level of joint moment, joint
power, and GRF compared with young runners in each running speed (p<.05).

Conclusion: The running behavior of the elderly performed periodic running was similar to
many variables of young adults. However, there were noticeable differences found in the ankle
joints and most kinetic variables compared with young adult runners. This discrepancy may
propose that elderly runners should consider appropriate running distance and intensity in the

program.
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INTRODUCTION QI RIS 2 2%t & 22 40| WD, 1 F daE
N LoiE WlEs S0OE30 23 XNoke EEQl AXH

22|Liat =0l 2179 91%7t HEY, 28, ECt33 S O slo|H, L9l M &0 QOlo2 HIL|D QUL ECHES
Aot & =4A He % Me(EHl k3o EEof ot ot K| 28 XMote AN 2E Al 2H, gaiet 22 2 =4
(Ministry of Health and Welfare, 2015). 0|2{3t &gt 4l otz Aol &42 X2fstH, AN HIiH 7Y 53 24 2 4
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H 25g MEAA 40 252 HEA EA7I= ¢
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| ZHEO &2 O|X|H(Shin, Lee & Kwon, 2008), 0!
2 25 AE 28 2EHo| Jts "Rt HE AKXl AR
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Weyand, Sandell, Prime & Bundle, 2010). SHX|2t 3t2 QI}
ZHEo| RAd2 HOXH 53|, g= 2E| M= =4} i
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8l 7+5430| AM(Milgrom et al, 1992; Ryu, 2005), ‘=32 2l
wolo| 25 2HE RUEQL mpQt AR TF BE 9
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Figure 1. Testing methods (BMD, muscle strength, and running biomechanics)
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Figure 2. Reflective marker position (left and middle) & definition of joint coordinate system (right)
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ZYSIRACE SHX| 28 SHUS HFTSE BFFSI0] X0 2
H(peak torque, Nm/kg)2 AHESIICE E2|7| S&EM Xtz
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RESULTS

2 pe Fy|Hoz oo Aoistn s IR T}
He MOITTZt 3K BUEe 2o EMS Hlm3lT e
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7b LIEHGEHp<.05). SHX| 2H0|ME QIR Eto| A A
22 2 &= #Eo| X0 2 (peak torque)O| &2 HE
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fOIE (Table 2)2t &

(=2 == = E L——
Cf FHEY WOlo|N =QIFEe B0 D HYET} &
A LtEHt D (p<.05), HE £20] Cfet 4=%48 27t S

Table 1. Bone Mineral Density and joint muscle strength for Elderly and Young runners

Parameters Elderly Young t p n? B
Bone Mineral Density (g/cm?)
BMD 1.25+0.09 1.32+0.08 -2.22 .043 82 1.00
Legs 1.39+0.10 1.53+0.08 -3.56 .002 95 1.00
Right Leg 1.38+0.10 1.52+0.09 -342 .000 95 1.00
Pelvis 1.18+0.09 141+0.14 -4.44 .003 81 1.00
T-score 0.86+1.15 1.85+1.03 -2.28 .049 .50 1.00
Peak torque (Nm/kg)

Hip_FLX 96.11+£20.79 135.50+25.15 -3.73 .002 .70 1.00
Hip_EXT 276.20+69.70 396.70+£93.67 -3.26 .005 45 1.00
Knee_ FLX 118.80+35.21 168.70+41.49 -2.90 .010 81 1.00
Knee_ EXT 142.50+39.86 194.20+35.46 -3.06 .007 72 1.00
Ankle_PF 102.50+38.11 152.00+37.42 -2.93 .040 69 1.00
Ankle_DF 38.70+8.30 49.70+11.59 -244 .026 92 1.00

EXT = extension, FLX = flexion, DF = dorsiflexion, PF = plantarflexion, indicate a significant difference at a = .05
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Table 2. Running parameters Mean (SD) and joint ROM for Elderly and Young runners

barameters 2.2 m/s? 2.8 m/sP 3.1 m/s¢ Speed effect Interaction ? 5
M + SD M + SD M + SD Fo Post hoc tests effect
Running parameters
a>b"
Elderly 147+.24t 1.81+.25t 2.05+.291 a>c 97 1.00
o DE 0 s
- (p<.009) 7 apt | (p<.001)
Young 1.67+.10 2.01+.11 2.34+.12 a<c 98 1.00
b<c"
a>b"
Elderly 1.76x.11 2.33+.16 2.87+.141 a>c 95 1.00
fresélrjgr?q = 1'14* ::[c): 7b>c* = 8'58*
(Hz) (p<.011) boct asbt  (0<.001)
Young 1.70+.16 2.15+.20 249+.22 a<c 98 1.00
b<c
ROM_angle (°) during stance phase
a>b*
Elderly 27.01+449t  29.29+3.85t  31.08+4.931 a<c 51 98
Ankle F=1674 ::? b<c F=198
PF-DF (p<.001) b>c* a<b (p=.152)
Young 35.38+5.11 35.63+3.40 37.26+5.03 a<c 18 42
b<c
a>b
Elderly 21.21+£2.78 21.50£3.13 22.02+3.36 a>c .07 18
Knee F=363 :;? b>c =22
FLX-EXT (p=.070) b>c* asb =.727)
Young 23.87+3.84 23.80+4.27 24.95+3.98 a<c 26 .61
b<c"
a>b’
Elderly 26.30+4.20 32.05+4.14 36.15+£4.22 a>c 91 1.00
Hip F=01 :;? b>" g6
FLX-EXT (p=.956) b>c* asb* (p=.386)
Young 27.02+3.49 31.66+3.64 36.08+4.31 a<c 90 1.00
b<c"

EXT = extension, FLX = flexion, DF = dorsiflexion, PF = plantarflexion. *indicate a significant difference at o = .05, T = indicate group age
effects
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Table 3. Joint kinetic and vertical GRF variables for Elderly and Young runners

KISB

barameters 2.2 m/s? 2.8 m/sP 3.1 m/s© Speed effect Interaction , 5
M + SD M + SD M + SD F(p) Post hoc tests effect
Peak joint moment (Nm/ Kg)
a>b"
Elderly -1.81+£1.14 -2.69+.35t -2.90+.391 a>c’ .70 1.00
Ankle F=592 ::E’ b> o
PF-DF (p<.024) bt asb (p=.397)
Young -2.55+.85 -3.01+.37 -3.34+ 45 a>c .78 1.00
b>c"
a>b"
Elderly -78+.61t -1.09+.39t -1.30+.39t a>c’ .70 1.00
Knee F=815_ ::E’ b> o
FLX-EXT (p<.009) bt asb* (p=.945)
Young -1.27+.51 -1.56+.40 -1.77+.35 a>c 62 1.00
b>c"
a>b"
Elderly -147+1.01 -2.21+.59 -2.51+.53 a>c 64 1.00
Hip — 64 ::E’ b>C g9
FLX-EXT (p=433) bt asb* (p=.434)
Young -1.83+.71 -2.34+.70 -2.66+.74 a>c 61 99
b>c"
Peak joint power (W/Kg)
a>b’
Elderly 4.38+2.89 7.65+1.60t 9.37+2.03% a>c’ 78 1.00
Ankle 01 :i’: b>C g7
PF-DF (p<.006) b asb’ (p=.522)
Young 6.34+2.17 9.14+1.40 11.74+1.67 a<c 87 100
b<c"
a>b
Elderly 3.80+3.29 5494283t 7.38+3.23t a>c 68  1.00
Knee F=671 :ZE’ b> 66
FLX-EXT (p<.017) bt asb* (p=.488)
Young 5.88+2.60 8.09+2.02 1042+2.02 a>b” 77 1.00
a>c"
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Table 3. Joint kinetic and vertical GRF variables for Elderly and Young runners (Continued)

2.2 m/s? 2.8 m/sP 3.1 m/s© Speed effect Interaction
Parameters f, n? B
M+ SD M+ SD M+ SD Fp Post hoc tests effect
b>c
Elderly 2904232 5.38+2.42 7.02+3.10 a>b’ 75 1.00
Hip F=176 ZZ? a>b F=302
FLX-EXT (=39 o e (p=074)
Young 2.98+1.28 452+1.37 5.68+1.83 a<c .57 99
b<c"
Vertical GRF (BW)
a<b”
Elderly 1.05+0.49t 2.01£0.79t 2.10+£0.92t a<c 93 1.00
vepft?zl:(al F=498 abil?;* bec £ 034
s (p<039) 2T (=72
Young 1.27+0.83 2.24+0.58 241+0.78 a<c 62 1.00
b<c"

EXT = extension, FLX = flexion, DF = dorsiflexion, PF = plantarflexion *indicate a significant difference at o = .05, T = indicate group age

effects

] OStA A LIEFRCHp<.001).

2 HOloAM L BEO HIE 224 M= 239
< HeI7F T 2ol SAX KHO|ZF ZA| LIEHG A (p<.05),
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of T

N 25842 7ts gelMs IE SAX XHo|E Lt
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o #E DHEQ} me =X X|HHtHO| £ M0 [MHE A}
O|= (Table 3)1t ZCt.

CQIFTH HE AE QHETL K& 28 m/set 3.1 m/soflA
2 GoITTtof Hisy ZA BHEE/UD SAXHE FogH Xt
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Etit 1 (p<.05), &= Htof Mt XHo[7F A EJCHp<.001).
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Qlo| 3 7t FIIMoz RES HASIH 2L SIHEA
L} SX|&le HoZ E5IQUCE 5 Bolam et al. (2013)2] ¢

THME SOET HY 22 Yz AAHY 252
[e]

<]

BMDE 1.25 g/cm? CHE[S BMD 138 g/cm?Q @ Lt & Qloj
HIsH Aot 2t2 SR = I A LEtRCE M2t & A7 4
p7F MHATEHCE L QIFERS| K| BMD (7.7%)2t SHX| 2
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HISH ZtZt 419%9F 22% M= 2| LIEFSCH 2 AolM 7
XMoo=z Ya|7|2 MASte oIS Fe Aol bl 22
TYUDLS 234% H7| LEHEOD, WS FUZS 249% XA
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=
QIECt SHX| 28 Bt 385 =1t

-

Foulis & Kent-Braun (2012)2] 252 X&HHOZ A2 O
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wolo] 7t et LI} HlS21} CHEAMFZO0| 2Rt
A &+ A2H, Jung (20012 AT = F7|Hoz LA &
SO|Lt ttdel 255 HABlE koE2 & d3a 2H0|
=842 2ah ATt 2ASACE O|ME 27§ F71H
o= HAlgts =052 ot #E ST 2| H2
SR B RB0E =706t 255 HAISH] He
LEQIEEO B3l O 3A LEtH2 =M, HEeh g2|7|8 F
Moz HAlotH 4% S0 28| YA E oY
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QITE2 2 S4A7F & A |7t =W, HE|7] Al &5
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CONCLUSION
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