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Age -re late d diffe re nce s  of e xtre m ity 

joint torq ue  of h e alth y Japane s e
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H um an and W e lfare  Te ch nology D ivis ion
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National Institute  of Te ch nology and Evaluation (NITE),

Anne x, 2nd O sak a Joint Gove rnm e nt Building
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S. H isam oto, M. H iguch i, N. Miura. Age -related diffe rence s of e xtrem ity joint 

torque  of h e alth y Japane se . Ge rontech nology 2005; 4(1): 27-45. Gravity-com -

pe nsate d e xtre m ity joint torq ue  (EJT) value s  w e re  m e asure d in Japane s e  m e n and 

wom e n w ith out disabilitie s  age d 20 to 79  ye ars  old to e stablis h  re fe re nce  value s  

for EJT according to age  and to ide ntify age -re late d diffe re nce s  in m uscle  stre ngth .

M e th ods  1008 subje cts  w e re  re cruite d for th is  study. EJT value s  w e re  obtaine d by 

isom e tric “m ak e ” te sts  in th e  sagittal plane  w ith  a h and-h e ld dynam om e te r (H H D ). 

Re s ults  O n th e  w h ole , th e  pe ak  age -re late d ch ange s  in e ach  EJT value  w e re  in th e  

30 to 39 , 40 to 49 , and 50 to 59  ye ars  old age  groups  in both  th e  m e n and th e  

wom e n. Th e  re s ults  re ve ale d s ignificantly low e r EJT value s  in wom e n age d 20 to 

29  th an in wom e n age d 40 to 49  and/or 50 to 59  (p < 0.05, D unne tt t te st, SPSS 

for W indow s) for five  joint m otions  in th e  uppe r lim bs , i.e ., w rist palm ar fle xion, 

w rist dors ifle xion, e lbow  fle xion, e lbow  e xte ns ion, and s h oulde r e xte ns ion, and 

low e r value s  in th e  low e r lim bs , i.e ., h ip fle xion th an in wom e n age d 50 to 59  and 

60 to 69 . H ow e ve r, th e  m e n age d 20 to 29  ye ars  old did not h ave  any s ignificantly 

low e r EJT value s  th an th e  olde r age  groups  of m e n. D is cus s ion Th e  re s ults  of th is  

study s h ow  th at younge r Japane s e  wom e n h ave  le s s  m uscle  stre ngth  th an olde r Ja-

pane s e  wom e n, and th e s e  re s ults  w e re  s upporte d by th e  age -re late d diffe re nce s  of 

grip stre ngth  and ve rtical jum p value s  in th e  ph ys ical fitne s s  standard databas e  of 

Japane s e . Th is  ph e nom e non is  s uppos e d to be  attribute d to disus e  and/or inactiv-

ity in Japane s e  younge r wom e n.

K e yw ords : aging, m us cle  s tre ngth , joint torq ue , dis us e , fitne s s

Be caus e  m uscle  stre ngth  in th e  lim bs  h as  

a gre at im pact on activitie s  of daily living 

(AD L), num e rous  studie s  h ave  be e n car-

rie d out on m uscle  stre ngth  in th e  uppe r 

and low e r lim bs , and som e  h ave  

provide d re fe re nce  value s  acros s  ge ne ra-

tions  and ge nde r

1-4

. Num e rous  studie s  

h ave  also be e n carrie d out on e xtre m ity 

joint torq ue  (EJT)

5-9

, be caus e  th e y are  uni-

ve rsal value s  unaffe cte d by m om e nt-arm  

le ngth  or th e  angle  be tw e e n th e  lim b 

axis  and th e  gravity axis , be caus e  th e y 

h ave  a gre at im pact on AD L, and be caus e  

th e y are  us e ful w h e n de s igning a w ide  

varie ty of products. H ow e ve r, to th e  au-

th ors ’ k nowle dge , fe w  studie s  h ave  

provide d EJT data for both  th e  uppe r 

lim bs  and low e r lim bs  and acros s  ge ne ra-

tions  and ge nde r in Japan, and th e re  is  

no ope n databas e  for both  uppe r-lim b 

and low e r-lim b EJT value s  acros s  age s  

and ge nde r for h e alth y Japane s e . Japan 

s e e m s  to h ave  re ce ntly be com e  an ove r-

autom ate d and e xce s s ive ly labor-saving 

socie ty, and s ince  re ce nt younge r ge ne ra-

tions  do not s e e m  to h ave  lik e d to 
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e ngage  in ph ys ical work  or stre nuous  

sports , lik e  m ountain clim bing, socce r, 

bas k e tball, th e  m uscle  stre ngth  of th e  

younge r ge ne rations  m ay h ave  be com e  

w e ak e r. Th e  purpos e  of th is  study was  

to obtain EJT value s  to us e  as  re fe re nce  

value s  for th e  m uscle  stre ngth  of 

h e alth y Japane s e  acros s  ge ne rations  and 

to ide ntify age -re late d diffe re nce s  in 

m uscle  stre ngth  in Japan. Th e  re pre s e nt-

ative ne s s  of th e  s ubje cts  of th is  study 

was  ve rifie d by m e asuring th e ir grip 

stre ngth  (GS) and ve rtical jum p value  

(VJ) and com paring th e  data w ith  th e  

data in th e  ph ys ical fitne s s  standard data-

bas e  (SD B)

10

 for Japane s e  pe ople . 

Annual m e asure m e nts  for th e  SD B in 

Japan h ave  be e n m ade  out by th e  MEXT 

(Ministry of Education, Culture , Sports , 

Scie nce  and Te ch nology) s ince  19 64. 

Th e re  are  about 20 m e asure m e nt para-

m e te rs  in th e  SD B, including body 

h e igh t and som e  body s iz e , body 

w e igh t, and 50-m e te r run, running long 

jum p, grip stre ngth , and ve rtical jum p 

data.  But th e  SD B h as  ne ve r include d 

EJT m e asure m e nts. 

M ETH O D S

Sub je cts

1008 Japane s e  m e n and wom e n age d 

20 to 79  ye ars  old w e re  re cruite d for 

th is  study including pre lim inary m e asure -

m e nts. 355 O f th e m  re s ide d in Japan’s  

s e cond large st city, O sak a, and th e  

oth e rs  re s ide d in 5 oth e r large  citie s , 

i.e ., Se ndai, Tok yo, Kanaz awa, Nagoya, 

Fuk uok a, be caus e  th e  m e asure m e nts  

w e re  pe rform e d at s ix of th e  laborator-

ie s  of th e  NITE (National Institute  of Te ch -

nology and Evaluation) and th e  

laboratorie s  are  locate d in th e s e  s ix 

citie s . Th e  s ubje cts  age d 20 to 59  ye ars  

old w e re  volunte e rs  and cons iste d of 

office  work e rs , factory work e rs , h ous e -

w ive s  and stude nts. Th e  s ubje cts  age d 

60 to 79  ye ars  old w e re  paid to particip-

ate . None  of th e  s ubje cts  w e re  aware  of 

h aving any ne urom uscular, m usculo-

s k e le tal, or cardiovascular dis e as e . 

Bas e d on th e  as sum ption th at th e  olde r 

subje cts  would h ave  a broade r distribu-

tion of value s , a large  num be r of sub-

je cts  age d 60 to 79  ye ars  old w e re  

e nrolle d. Inform e d cons e nt was  ob-

taine d from  all subje cts  be fore  starting 

th e  m e asure m e nts.

Eq uipm e nt

Ch aracte ristics of th e  subjects

Body h e igh t and w e igh t w e re  m e asure d 

w ith  an autom atic digital h e igh t-w e igh t 

m e asure m e nt syste m  (TBF-210PNS, 

Yagam i Co., Nagoya, Japan). Th is  syste m  

us e s  strain-gauge  type  road-ce ll in 

w e igh t m e asure m e nt.   Accuracy of 

h e igh t value  is  1 [m m ] and accuracy of 

w e igh t value  is  0.1 [k g]. GS was  m e as -

ure d w ith  a digital grip-stre ngth  m e te r 

(ED -100PNS, Yagam i Co., Nagoya, Japan). 

Th is  syste m  us e s  strain-gauge  type  road-

ce ll and accuracy of GS value  is  1 [N].  VJ 

value s  w e re  m e asure d w ith  a digital ve r-

tical-jum p m e asure m e nt syste m  (VT-

150PNS, Yagam i Co., Nagoya, Japan).  Ac-

curacy of VJ value  is  1 [cm ]. Th e s e  m e as -

ure m e nt syste m s  w e re  accurate ly 

calibrate d e ve ry s ix m onth s .

Torque  m easurem ent 

Alth ough  dynam om e te rs , s uch  as  th e  

Prim us , Cybe x, or Biode x, h ave  be e n 

us e d e xte ns ive ly to m ak e  e xtre m ity 

torq ue  m e asure m e nts  in re h abilitation 

re s e arch , th e ir lack  of portability, cost, 

and th e  stre s s  th e y im pos e  on subje cts  

as  a re sult of re stricting th e ir lim bs  

w e re  obstacle s  to m ak ing m e asure -

m e nts  in th e  approxim ate ly one  th ou-

sand subje cts , including olde r pe rsons  

of th is  study. Th e re fore , w e  us e d a 

strain-gauge  type  com pact force  s e nsor 

(LPR-A-1KNS1, Kyowa Ele ctronic Instru-

m e nts  Co., Tok yo) as  a h and-h e ld dy-

nam om e te r (H H D ) inste ad. Error of 

m e asure d force  value  is  le s s  th an 0.5 [%] 

of R.O . (rate d output). Th is  s e nsor was  

accurate ly calibrate d e ve ry s ix m onth s .

H ow e ve r, s ince  w h e th e r th e  stre ngth  of 
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th e  e xam ine r is  s ufficie nt to h old th e  

H H D  ste ady against th e  force  e xe rte d by 

th e  s ubje ct is  im portant in h and-h e ld dy-

nam om e try, pre lim inary m e asure m e nts  

w e re  m ade  in orde r to confirm  th e  re liab-

ility of H D D  m e asure m e nts  in th e  uppe r 

lim bs

11

. Th e  s e nsor was  attach e d to th e  

m e asure m e nt ch air to m ak e  th e  low e r-

lim b force  m e asure m e nts , be caus e  

low e r lim b force  value s  are  h igh , and it 

is  difficult for th e  e xam ine r to h old th e  

H H D  ste ady. Signals  from  th e  force  

s e nsor w e re  proce s s e d w ith  a low -pas s  

filte r at a cutoff fre q ue ncy of 20 H z , and 

pe ak  value s  w e re  re corde d. Mom e nt-

arm  le ngth  was  m e asure d w ith  an anth ro-

pom e te r, and torq ue  value s  w e re  calcu-

late d as  th e  product of th e  force  value s  

and m om e nt-arm  value s. Th e  ch air us e d 

was  spe cially de s igne d for m ak ing 

uppe r and low e r lim b joint torq ue  m e as -

ure m e nts  (Figure  1). Th e  s e at back  can 

be  slid along th e  s ide  rail, and th e  angle  

of th e  s e at back  is  adjustable . Th e  m ul-

tiple -us e  arm  can be  slid along th e  s ide  

rail, and th e  h e igh t of th e  m ultiple -us e  

arm  can be  adjuste d. Th e  e lbow -joint sus -

taining plate  was  attach e d at th e  top of 

th e  m ultiple -us e  arm  for th e  e lbow  joint 

torq ue  m e asure m e nts. Th e  H H D  was  at-

tach e d at th e  bottom  of th e  m ultiple -us e  

arm  for th e  k ne e  joint and ank le  joint 

torq ue  m e asure m e nts. 

Th e  statistical analys is  was  pe rform e d 

w ith  SPSS for W indow s.

Proce dure

Th e  m e asure m e nts  w e re  m ade  in 2001 

to 2002 at s ix of th e  NITE laboratorie s . 

Since  th e  laboratory ne e de d to be  com -

fortable  and th e  atm osph e re  re laxe d 

e nough  to pre ve nt e xpos ing th e  s ub-

je cts  to ph ys ical and psych ological 

stre s s , th e  te m pe rature  and h um idity in 

th e  laboratory w e re  adjuste d to a com -

fortable  le ve l for e ach  s ubje ct, and back -

ground m us ic was  playe d.  All of th e  

m e asure m e nts  w e re  m ade  on th e  sam e  

day for e ach  s ubje ct.

Ch aracte ristics of th e  subjects

Be fore  starting th e  m e asure m e nts , th e  

s ubje ct’s  blood pre s sure  was  m e asure d 

in orde r to e xclude  th e  s ubje cts  w ith  

h igh  blood pre s sure  for th e  s ubje ct’s  

safe ty, and th e  s ubje ct was  th e n as k e d 

to answ e r th e  q ue stions  and an inve stig-

ator fille d out a q ue stionnaire  to de te rm -

ine  th e  s ubje ct’s  work  and le isure  

activity le ve ls. GS m e asure m e nts  w e re  

m ade  on th e  righ t and le ft s ide , two 

trials  on e ach  s ide . GS was  m e asure d in 

th e  standing pos ition, and th e  s ubje ct 

was  fre e  to le ave  th e  oppos ite  h and 

‘ope n’ or to m ak e  a ‘fist’.  GS value s  

w e re  m e asure d during m axim al-e ffort 

contraction in e xpiration (m axim al vol-

untary contractions  in e xpiration: EMVC) 

in orde r to pre ve nt strok e s  caus e d by 

sudde n ch ange s  in blood pre s sure . VJ 

m e asure m e nts  w e re  m ade  by h aving th e  

s ubje ct pe rform  two trials.  

Torque  m easurem ent

Torq ue  m e asure m e nts  of th e  joints  in 

e ach  e xtre m ity w e re  m ade  on th e  s ub-

je cts ’ righ t s ide  by m e ans  of isom e tric 

“m ak e ” te sts  in th e  sagittal plane . Afte r 

an e xplanation and a visual de m onstra-

tion of h ow  th e  m uscle  m e asure m e nts  

are  m ade , two trials  w e re  pe rform e d, 

and th e  value s  w e re  ave rage d. Each  trial 

cons iste d of a 4- to 6-s e cond EMVC in 

orde r to pre ve nt strok e s  caus e d by 

sudde n ch ange s  in blood pre s sure . At 

le ast one  m inute  of re st was  allow e d 

Figure  1. Measurem ent ch air
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be tw e e n succe s s ive  trials. An inve stigat-

or as k e d th e  s ubje cts  if th e y w e re  tire d 

and th e  re st pe riod was  e xte nde d 

w h e ne ve r th e  s ubje cts  said th at th e y 

w e re  tire d.  

Table  1 lists  th e  posture s  and joint pos i-

tions  us e d in EJT m e asure m e nts. 

Mom e nt-arm  le ngth s  w e re  m e asure d 

from  th e  axis  of th e  H H D  to e ach  joint. 

Th e  de finitions  of th e  “joints ” w e re  

th os e  spe cifie d by JIS Z  8500

12

 i.e . w rist 

joint, e lbow  joint, s h oulde r joint, ank le  

joint, k ne e  joint and h ip joint. EJT was  

m e asure d w ith  th e  joint fle xe d at th re e  

angle s  to plot a torq ue -angle  curve  in 

EF, EE, SF, SE, KF, H F and H E, and at four 

angle s  to plot a torq ue -angle  curve  in 

KE. Th e  th re e  or four angle s  cons iste d 

of th e  approxim ate  e nds  and m idpoint 

of th e  range  of m otion (RO M) of th e  

joint. EJT value s  w e re  m e asure d in 0

o

 

fle xion in W P, W D , AP and AD . EJT 

value s  w e re  calculate d as  th e  products  

of joint force  value s  m e asure d by H H D  

and th e  m om e nt arm  le ngth  m e asure d 

w ith  th e  anth ropom e te r.

Th e  torq ue  data of e ach  joint was  grav-

ity com pe nsate d us ing th e  body s e g-

m e nt param e te rs  (BSP) in e ach  

e xtre m ity, i.e . location of ce nte r of m as s  

and body s e gm e nt m as s , e xce pt th e  

w rist joint and th e  ank le  joint. Errors  of 

th e  BSP caus e  e rrors  of th e  gravity com -

pe nsation, and so an accurate  BSP is  

ne e de d.  Com m only, th e  BSP obtaine d 

by th e  dire ct m e asure m e nts  on cadave rs  

are  m ore  accurate  th an th e  data ob-

taine d by th e  indire ct m e asure m e nts  on 

living subje cts , or data obtaine d by 

m ath e m atical m ode ling.  But th e re  is  no 

BSP of Japane s e  obtaine d by th e  dire ct 

m e asure m e nts , and so D e m pste r’s  

BSP

13,14

 was  us e d in th is  study be caus e  

D e m pste r’s  BSP h as  be e n obtaine d by 

dire ct m e asure m e nts  on cadave rs.

Th e  w rist and th e  ank le  joint torq ue  

data w e re  gravity com pe nsate d by th e  

s e gm e nt w e igh t value s  of e ach  s ubje ct’s  

e xtre m ity w ith  th e  s ubje ct re laxe d, be -

caus e  th e s e  two joints  are  gre atly af-

fe cte d not only by th e  w e igh t of th e  

s e gm e nt but by th e  te ns ion of th e  

te ndon, m ak ing it difficult to com -

pe nsate  for gravity w ith  BSP.  

W P: W rist fle xion (palm ar fle xion)

W D : W rist e xte ns ion (dors ifle xion)

EF: Elbow  fle xion

EE: Elbow  e xte ns ion

SF: Sh oulde r fle xion (forward e le vation) 

SE: Sh oulde r e xte ns ion 

AP: Ank le  fle xion (plantar fle xion) 

AD : Ank le  e xte ns ion (dors ifle xion) 

KF: Kne e  fle xion

KE: Kne e  e xte ns ion

H P: H ip fle xion

H E: H ip e xte ns ion

s e ate d posture  

a,b

s e ate d posture  

a,b

s e ate d posture  

a,c

s e ate d posture  

a,c

s e ate d posture  

a,d

s e ate d posture  

a,d

s e ate d posture  

a,e

s e ate d posture  

a,e

abdom inal posture  

f

s e ate d posture  

a,g

dorsal posture  

h

dorsal posture  

h

0

o

0

o

30, 80, 120

o

30, 60, 120

o

35, 80, 130

o

35, 80, 130

o

0

o

0

o

15, 50, 9 0

o

50, 75, 9 0, 105

o

15, 45, 9 0

o

45, 9 0, 105

o

Table  1. Posture s and joint positions use d to m easure  joint torque; 

a

9 0

o

 betw e en th e  

trunk  and th e  th igh  in eve ry seated posture; 

b

s h oulder joint 0

o

, elbow  joint 9 0

o

; 

c

s h oulder joint 0

o

, h am m e r grip position in forearm ; 

d

elbow  joint 0

o

, h am m e r grip 

position in forearm ; 

e

h ip joint 9 0

o

, k ne e  joint 9 0

o

; 

f

h ip joint 0

o

; 

g

h ip joint 9 0

o

; 

h

k ne e  

joint 9 0

o

Muscle  action

Posture Joint pos ition as  fle xion angle
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RESULTS

Th e  acronym s  for joint actions , e .g., W P 

(w rist plantar fle xion) are  spe lle d out in 

Table  1. Th e  s ubje cts ’ work  and le isure  

activity le ve ls  de te rm ine d from  th e  

re plie s  to th e  q ue stionnaire s  w e re  

grade d on th e  four-cate gory ordinal (1-

4) scale  of Saltin and Grim by

15

. Grade  

two was  m ost com m on in m e dian and 

m ode  at both  work  activity le ve l and le is -

ure  activity le ve l in th e  s ubje cts  of th is  

study (Appendix A). Appe ndix B s h ow s  

th e  ch aracte ristics  of all 1008 subje cts. 

Figure s  2 and 3 s h ow  th e  GS and VJ data 

obtaine d in th is  study and SD B.  

Table  2 s h ow s  th e  tre nd of th e  joint 

torq ue  curve s  and th e  joint angle s  at 

w h ich  th e  large st joint torq ue  value  was  

obtaine d for e ach  joint. About 500 to 

700 subje cts  w e re  m e asure d in th e  pos -

ture s  and th e  joint pos itions  liste d in 

Table  1. Since  h um ans  usually s h ift th e ir 

posture  to th e  posture  th at re q uire s  th e  

le ast m uscle  force  to ach ie ve  th e  tas k , 

th e  s ubs e q ue nt analys is  was  focus e d on 

Figure  2. Com parison of grip strength  value s in SD B

10

 and th is  study; Triangle s = 

m ean of grip strength  value s; Bars = standard deviation; Square s = m ean and 

standard deviation of grip strength  value s in SD B data

Figure  3. Com parison of vertical jum p value s in SD B

10

 and th is  study; Triangle s  = 

m ean of vertical jum p value s; Bars = standard deviation; Square s = m ean and 

standard deviation of vertical jum p value s in SD B data
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th e  large st joint torq ue  value  for e ach  

joint. Table  3 s h ow s  th e  re s ults  of th e  as -

s e s sm e nt of te st-re te st re liability in trial 

1 and trial 2. Intra-clas s  coe fficie nts  for 

th e  corre lations  be tw e e n th e  re s ults  ob-

taine d in th e  first and th e  s e cond trials  

w e re  calculate d to provide  an indication 

of te st-re te st re liability.

Appe ndice s  C to F s h ow  th e  re fe re nce  

value s  for e xtre m ity joint torq ue  in 

h e alth y Japane s e  s ubje cts , and Figure s  4 

and 5 s h ow  th e  age -re late d diffe re nce s  

in EJT value s  in th e  uppe r and low e r 

lim bs. Th e  s ubje cts  of m ore  th an 60 

ye ars  old w e re  divide d into age  groups  

at 5-ye ar inte rvals , be caus e  age -re late d 

diffe re nce s  in m uscular stre ngth  w e re  

e xpe cte d to be  s h arp in th is  age  group.

Appe ndix G s h ow s  th e  re s ults  of th e  

one -way analys is  of variance  (ANO VA) 

for com paring age  groups , i.e ., 20 to 

29 , 30 to 39 , 40 to 49 , 50 to 59 , 60 to 

69 , and 70 to 79  ye ars  old, according to 

ge nde r.  Appe ndice s  H  &  I s h ow  th e  re s -

ults  of th e  statistical com parisons  by 

th e  D unne tt t te st be tw e e n th e  data ob-

W rist fle xion (palm ar fle xion)

W rist e xte ns ion (dors ifle xion)

Elbow  fle xion

Elbow  e xte ns ion

Sh oulde r fle xion (forward e le vation) 

Sh oulde r e xte ns ion 

Ank le  fle xion (plantar fle xion) 

Ank le  e xte ns ion (dors ifle xion) 

Kne e  fle xion

Kne e  e xte ns ion

H ip fle xion

H ip e xte ns ion

831

824

879

782

749

785

857

853

585

678

614

622

0

o

0

o

80

o

120

o

80

o

80

o

0

o

0

o

15

o

75

o

15

o

105

o

7.8

7.5

32.9

17.8

39 .6

31.4

43.9

23.5

47.3

71.0

9 3.8

60.6

7.9

7.5

32.7

17.7

39 .5

31.4

44.2

23.5

47.4

71.5

9 4.1

61.1

0.9 9  

1.01 

1.01 

1.01 

1.00 

1.00 

0.9 9  

1.00 

1.00 

0.9 9  

1.00 

0.9 9

0.9 9 4

0.9 82

0.9 9 4

0.9 9 6

0.9 9 5

0.9 50

0.9 9 7

0.9 9 5

0.9 9 5

0.9 9 6

0.9 9 5

0.9 9 7

Muscle  action

Trial 2n

Joint

angle Trial 1

(Trial 1)/

(Trial 2)

a

Corre lation 

Coe fficie nt

b

m e an

Table  3. Te st-rete st reliability; 

a

Ratio of th e  m ean torque  value s betw e en trial 1 and 

trial 2; 

b

Pearson's correlation coefficie nts betw e en trial 1 and trial 2

Torq ue  [N]

Elbow  fle xion

Elbow  e xte ns ion

Sh oulde r fle xion (forward e le vation) 

Sh oulde r e xte ns ion                       

Kne e  fle xion

Kne e  e xte ns ion

H ip fle xion

H ip e xte ns ion

718

657

646

718

481

647

565

550

80

o

120

o

80

o

80

o

15

o

75

o

15

o

105

o

80

o

120

o

80

o

80

o

15

o

75

o

15

o

105

o

Muscle  action n

Torq ue  - angle

curve  = m axim al

value  at a fle xion of:

Joint angle

Table  2. Torque -angle  curve; analysis cente re d on joint angle s
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Figure  4: Age -related ch ange s in joint torque  value s in th e  uppe r lim bs; D iam onds 

and square s = m ean value; Bars = standard deviation



E x tre m i ty  jo i n t to rq u e

34 

w
w

w
.

g
e

r
o

n
t

e
c

h
j

o
u

r
n

a
l
.

n
e

t
A

u
g

u
s

t
 

2
0

0
5

,
 

V
o

l
 

4
,

 
N

o
 

1

Figure  5: Age -related ch ange s in joint torque  value s in th e  low e r lim bs; D iam onds 

and square s = m ean value; Bars = standard deviation
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taine d in wom e n and m e n age d 20 to 

29  ye ars  old and th e  oth e r age  groups.

D ISCUSSIO N

Ch aracte ris tics  of th e  s ub je cts

It was  e s s e ntial to de te rm ine  h ow  re pre s -

e ntative  th e  study sam ple  was  of th e  Ja-

pane s e  population as  a w h ole . Grade  

two was  m ost com m on both  for work  

activity le ve l and le isure  activity le ve l. 

But th e  wom e n age d 40 to 49  ye ars  old 

and th e  m e n age d 30 to 39 , 40 to 49 , 

and 50 to 59  ye ars  old w e re  grade  one . 

Many work e rs  e spe cially in th e s e  age  

groups , i.e . th e  wom e n age d 40 to 49  

ye ars  old and th e  m e n age d 30 to 39 , 

40 to 49 , and 50 to 59  ye ars  old, now  

us e  com pute rs  and m any of th e m  ope r-

ate  com pute rs  for m any h ours  a day and 

so th e s e  age  groups  m ay h ave  be e n 

grade  one .

Age -re late d diffe re nce s  be tw e e n GS and 

VJ data obtaine d in th is  study and th e  

data in th e  SD B w e re  ve ry s im ilar, 

th e re by confirm ing th at th e  GS and VJ 

value s  m e asure d in th is  study w e re  not 

e xce s s ive ly bias e d against SD B data. 

Th e  GS value s  in th e  SD B re fe rre d to in 

th is  study w e re  obtaine d in 2002 from  

37,878 subje cts , and th e  VJ value s  in 

th e  SD B re fe rre d to in th is  study w e re  ob-

taine d in 19 9 7 from  9 ,536 subje cts. Th e  

GS value s  obtaine d in th is  study w e re  

sligh tly low e r th an in th e  SD B, but th e  dif-

fe re nce  m ay h ave  be e n attributable  to 

th e  m e asure m e nt conditions. More  spe -

cifically, th e  SD B m e asure m e nts  w e re  

m ade  w ith out giving th e  s ubje cts  any in-

structions  about bre ath ing, and it was  

th e  auth ors ’ e xpe rie nce  alm ost all of th e  

s ubje cts  “h ave  h e ld” th e ir bre ath , w h e re -

as  in th e  pre s e nt study th e  s ubje cts  

w e re  instructe d to e xe rt force  in “e xpira-

tion” (EMVC) in orde r to pre ve nt strok e s  

caus e d by sudde n ch ange s  in blood pre s -

s ure . Ne e dle s s  to say, th e  m uscle  

stre ngth  of th e  s ubje cts  w h ile  h olding 

th e ir bre ath s  is  gre ate r th an during 

EMVC.  

Te s t-re te s t re liab ility of joint torq ue  

data

Th e  ratios  of th e  m e an torq ue  value  in 

re spons e  to e ach  m uscle  action in trial 1 

to th e  m e an value  in trial 2 range d from  

0.9 9  to 1.01, and th e  coe fficie nts  of th e  

intra-clas s  corre lations  range d from  

0.9 5 to 0.9 9 7, de pe nding on th e  m uscle  

action (Table  3). Most of th e  value s  w e re  

gre ate r th an 0.9 9 , indicating th at th e  

m e asure m e nts  m ade  in th is  study w e re  

h igh ly re liable .

Age -re late d diffe re nce s  in joint torq ue

In m any studie s  on m uscle  stre ngth , 

“wom e n” h ave  usually be e n re garde d as  

“sm all m e n”, but th e  data for m e n and 

wom e n obtaine d in th is  study w e re  ana-

lyz e d s e parate ly, be caus e  of th e  lik e li-

h ood of diffe re nce s  in activitie s  of daily 

living be tw e e n m e n and wom e n. O n th e  

w h ole , th e  pe ak  age -re late d ch ange s  in 

e ach  EJT value  w e re  in th e  30 to 39 , 40 

to 49 , and 50 to 59  ye ars  old age  

groups  in both  th e  m e n and th e  wom e n 

(Figure s 4 &  5).  

Th e  EJT value s  of wom e n age d 20 to 29  

ye ars  old w e re  s ignificantly low e r th an in 

th e  olde r age  groups  for s ix m uscle  ac-

tions  (Appendix H ). Th e  re s ults  of th e  

D unne tt t te st s h ow e d th at th e  EJT value s  

of th e  wom e n age d 20 to 29  ye ars  old 

w e re  s ignificantly low e r th an th os e  of th e  

wom e n age d 40 to 49  and/or 50 to 59  

ye ars  old in five  of th e  uppe r-lim b joint 

torq ue  value s  (W P, W D , EF, EE, SE) and 

also low e r th an th os e  of th e  wom e n age d 

50 to 59 , and 60 to 69  ye ars  old in one  

of th e  low e r-lim b joint torq ue  value s  

(H F). H ow e ve r, th e  m e n age d 20 to 29  

ye ars  old did not h ave  any s ignificantly 

low e r EJT value s  th an th e  olde r age  

groups  of m e n (Appendix I).  

Figure  6 is  bas e d on th e  data from  th e  

study by R.W . Boh annon in th e  USA

1

 th at 

s h ow e d age -re late d diffe re nce s  in lim b 

m uscle  stre ngth  m e asure d w ith  an H H D . 

In th e  study of Boh annon, H H D  was  h e ld 
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w ith  e xam ine r’s  h ands  both  in uppe r-

lim b’s  m uscle  stre ngth  m e asure m e nts  

and in low e r-lim b’s  m uscle  stre ngth  

m e asure m e nts , and th e  data of stre ngth  

w e re  ne ith e r gravity com pe nsate d, nor 

conve rte d to joint torq ue . Th e  data re por-

te d by Boh annon s h ow e d a de cre as ing 

tre nd ove rall w ith  no s ignificant tre nd 

for th e  m uscle  stre ngth  value s  of 

wom e n age d 20 to 29  ye ars  old to be  

low e r th an in olde r age  groups. Th e  

data re porte d by Boh annon also s h ow e d 

a de cre as ing tre nd ove rall, but no s igni-

ficant tre nd toward th e  m uscle  stre ngth  

value s  of m e n age d 20 to 29  ye ars  old 

be ing low e r th an in olde r age  groups. 

Th e  re ason for th e  diffe re nce s  be tw e e n 

th e  data obtaine d by Boh annon and th e  

data obtaine d in th is  study is  not cle ar.

O n th e  oth e r h and, Me tte r e t al.

3

 re por-

te d th e  age -re late d ch ange  of isom e tric 

stre ngth  in uppe r lim bs  bas e d on th e  

data of th e  Baltim ore  Longitudinal Study 

of Aging (BLSA).  Th e  s ubje cts  cons iste d 

of 9 9 3 m e n and 184 wom e n w h o w e re  

th e  participants  of th e  BLSA, and th e  iso-

m e tric m uscle  stre ngth  in uppe rlim bs  

was  m e asure d as  pulling force  against 

th e  h and-grip in four ways : up, down, 

forward, and back ward along th e  axis  of 

th e  fore arm . Th e y re porte d th at for 

m e n, s ignificant age  diffe re nce s  w e re  

found in stre ngth  w ith  pe ak ing in th e  

30s  and th e n s h ow ing a ste ady de cline , 

and in wom e n, th e re  was  no s ignificant 

pe ak ing in stre ngth  and stre ngth  de -

cline d w ith  age  w ith  th e  ch ange s  be gin-

ning in th e  50s  w h e n e xam ine d by age  

de cade .

It is  ofte n said th at th e  m uscle  stre ngth  

s im ply de cre as e s  w ith  age . If th at is  

true , th e  EJT value s  of wom e n age d 20 

to 29  in Japan today w ill be  m uch  low e r 

40 or 50 ye ars  from  now , and it w ill be  

difficult for th e m  to le ad an inde pe nd-

e nt life .

16,17

 E.J. Me tte r e t al.

3 

re porte d 

th at for m e n stre ngth  de cline s  longitud-

inally but for wom e n no longitudinal de -

cline s  w e re  found for stre ngth  bas e d on 

th e  25 ye ars  of longitudinal data of 

BLSA.  

Figure  6: Age -related ch ange s in e xtrem ity m uscle  strength  base d on th e  data 

reported by Boh annon et al.

1

; Mean value s of joint strength  are  indicated
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Figure s  7 and 8 s h ow  th e  age -re late d 

ch ange s  in th e  GS and VJ value s  of 

h e alth y Japane s e  wom e n bas e d on SD B 

data from  19 67 to 19 9 7. Th e  data in Fig-

ure s  7 and 8 h ave  be e n e xtracte d from  

th e  data in SD B for four diffe re nt age s  

of wom e n, i.e ., 25, 35, 45 and 55 ye ars  

old, and th e re  w e re  about 200 to 500 

subje cts  in e ach  group. Th e  graph s  on 

th e  le ft in both  figure s  s h ow  th e  s e cular 

ch ange s  in GS and VJ in e ach  of th e  four 

age  groups. A de cline  in th e  GS value s  

of wom e n age d 25, 35, and 45 ye ars  old 

starte d in 19 82 or 19 87, but th e  GS 

value s  of wom e n age d 55 ye ars  old did 

not s h ow  a cle ar de cline , and th e  VJ 

value s  of wom e n age d 25 and 35 ye ars  

old starte d de clining in 19 9 2. Th e  

graph s  on th e  righ t in both  figure s  s h ow  

th e  age -re late d ch ange s  in GS and VJ in 

e ach  of th e  four age  groups. Th e  

ch ange s  in GS value s  are  not as  cle ar as  

th e  age -re late d diffe re nce s  in EJT value s , 

but th e  pe ak s  of th e  age -re late d 

ch ange s  in GS are  in th e  35- or 45-ye ar-

old age  groups. Th e s e  findings  corrobor-

ate  th e  re s ults  of th is  study, w h ich  

s h ow e d th at Japane s e  young wom e n 

h ave  le s s  m uscle  stre ngth  th an olde r 

wom e n.  In orde r to confirm  th at for 

wom e n in Japan age d 20 to 29  today it 

w ill late r be  difficult to le ad an inde pe nd-

e nt life  or not, longitudinal studie s  of 

EJT value s  in Japan w ill be  ne e de d.

CO NCLUSIO NS

Th e  gravity-com pe nsate d lim b joint 

torq ue  value s  of h e alth y Japane s e  

wom e n age d 20 to 29  ye ars  w e re  s igni-

ficantly low e r th an th os e  of th e  wom e n 

age d 40 to 49  and/or 50 to 59  ye ars  for 

all five  uppe r joint torq ue  m e asure -

m e nts  (W P, W D , EF, EE, SE) and for th e  

s ingle  low e r joint torq ue  m e asure m e nt 

(H E). O ve rall, th e  re s ults  of th is  study 

s h ow  th at younge r Japane s e  wom e n 

h ave  le s s  m uscle  stre ngth  th an olde r Ja-

pane s e  wom e n, and th is  ph e nom e non is  

s uppos e d to be  attribute d to disus e  and 

/or inactivity in younge r wom e n. Longit-

udinal studie s  w ill be  ne e de d to analyz e  

th is  ph e nom e non in de tail, and th e  au-

th ors  w is h  to m ak e  longitudinal m e as -

ure m e nts  of EJT.  

Figure  7: Age -related ch ange s in grip strength  of w om en base d on SD B

10

 from  19 67 

to 19 9 7. Graph  A: Mean grip strength . Graph  B: Pe rcentage  of th e  25 year old group
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Many younge r wom e n in Japan, s uch  as  

h igh -sch ool stude nts  or unive rs ity stu-

de nts , are  re ce ntly s e e n s itting or le an-

ing against obje cts  in railway stations , 

clas sroom s , e tc., and th is  ph e nom e non 

m ay be  attributable  to th e  low e r m uscle  

stre ngth  of younge r wom e n.  Many 

labor-saving de vice s , s uch  as  was h ing 

m ach ine s , vacuum  cle ane rs , and re frige r-

ators  m ade  daily life  m ore  com fortable  

and conve nie nt, but ove r-autom ate d and 

e xce s s ive ly labor-saving de vice s  h ave  di-

m inis h e d opportunitie s  for m uscle  train-

ing during h ous e work  and daily life . 

More ove r, younge r wom e n in Japan do 

not lik e  sports , and m any of th e m  are  

on die ts. O f cours e , th e s e  labor-saving 

de vice s  and such  conce pts  as  “unive rsal 

de s ign”, “barrie r-fre e  de s ign” or “de s ign 

for all” are  e s s e ntial for aging socie tie s , 

e spe cially in Japan. H ow e ve r, oth e r 

ch oice s  in th e  form  of “de s ign for fit-

ne s s ”, s uch  as  “fitne s s  was h ing m a-

ch ine s ” (was h ing m ach ine s  w ith  m anual 

wringe r), “fitne s s  stairs ” (buildings  

s h ould h ave  m any acce s s ible  stairs  and 

h ave  le s s  e le vators), “fitne s s  stre e ts ” 

(pave m e nt w ith  som e  k ind of h urdle s), 

e tc., s h ould be  provide d.

Pe ople  instinctive ly s e e k  a m ore  com fort-

able  and e asy life , and te ch nology 

m ak e s  it pos s ible . H ow e ve r, a com fort-

able  and e asy life  is  not ne ce s sarily 

good for h um an h e alth .
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Ge nde r Age  group

[yr]

W ork  activity le ve l

m e dian m ode

Le isure  activity le ve l

Fe m ale

Male

20-29

30-39

40-49

50-59

60-69

70-79

20-29

30-39

40-49

50-59

60-69

70-79

2

2

1

2

2

2

2

1

1

1

2

2

1

2

1

2

2

2

2

1

1

1

2

2

2

2

2

2

2

2

2

2

2

2

2

2

2

2

2

2

2

2

3

2

2

2

2

2

m e dian m ode

APPEND ICES

Appe ndix A. Activity le ve ls  of th e  s ubje cts  as  e valuate d according to th e  cate gory 

scale  of Saltin and Grim by

15

Appe ndix B. Ch aracte ristics  of th e  s ubje cts; BMI = Body Mas s  Inde x; GS = Grip 

Stre ngth ; VJ = Ve rtical Jum p Value ; SD  = Standard D e viation

Ge nde r

Age

group

Age H e igh t W e igh t BMI GS

Fe m ale

Male

VJ

n m e an

[yr]

SD

[yr]

50.5

51.7

49 .5

52.6

54.4

52.4

51.9

51.5

63.9

68.0

68.0

63.0

61.1

62.0

59 .9

58.3

6.9

7.8

6.9

7.1

8.3

7.1

7.0

6.6

16.5

9 .2

10.3

10.6

8.6

9 .0

8.9

6.5

20-29

30-39

40-49

50-59

60-64

65-69

70-74

75-79

Total

20-29

30-39

40-49

50-59

60-64

65-69

70-74

75-79

Total

36

37

34

46

85

117

9 4

22

471

39

54

48

46

79

129

109

33

537

25.1

34.9

43.7

55.4

61.9

66.9

71.5

76.2

25.0

34.3

44.2

54.5

62.3

67.3

71.5

76.2

2.8

3.2

2.6

3.0

1.3

1.3

1.5

1.3

2.7

2.7

2.7

3.0

1.3

1.3

1.4

1.4

158.5

158.4

156.5

154.1

152.0

151.2

148.1

149 .4

171.3

170.7

169 .0

166.0

162.7

162.3

161.2

161.4

4.7

4.7

5.0

5.9

5.8

5.2

5.2

5.7

6.3

5.7

6.5

6.3

5.4

5.1

5.8

5.0

m e an

[cm ]

SD

[cm ]

m e an

[k g]

SD

[k g]

m e an

[k g/m *m ]

SD

[k g/m *m ]

m e an

[N]

SD

[N]

m e an

[cm ]

SD

[cm ]

20.1

20.6

20.2

22.2

23.6

22.9

23.7

23.0

21.6

23.4

23.8

22.8

23.1

23.5

23.0

22.4

2.4

3.0

2.5

2.9

3.4

2.9

3.0

2.1

4.6

3.3

3.0

3.0

2.8

2.7

2.9

2.5

270.8

266.2

269 .5

243.3

231.5

216.2

201.5

178.8

414.4

434.3

438.4

39 7.6

359 .1

342.8

321.4

319 .8

39 .6

47.7

44.1

36.7

45.1

42.9

43.4

66.3

73.3

73.1

63.0

79 .1

70.4

64.4

72.1

50.2

35.4

36.0

34.6

29 .0

25.5

22.9

21.7

18.9

52.6

48.6

45.8

39 .6

34.3

31.2

28.0

25.6

4.8

5.0

5.2

4.3

3.8

4.8

4.6

3.5

9 .0

8.3

7.9

6.7

6.6

5.6

5.0

6.5
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Muscle  action Joint

angle

Age  group

5.38

5.63

6.00

6.45

6.19

5.81

5.24

5.26

5.62

5.9 8

6.24

6.79

6.07

6.05

5.25

5.04

23.68

24.77

26.21

26.86

25.56

24.19

22.38

21.67

12.01

12.72

14.17

13.83

13.03

12.83

12.36

11.63

30.21

31.16

30.9 5

32.60

31.84

29 .79

28.80

28.58

21.9 8

24.74

25.37

26.15

21.74

20.66

20.05

19 .34

0.11

0.11

0.12

0.12

0.11

0.11

0.10

0.10

0.11

0.12

0.13

0.13

0.11

0.12

0.10

0.10

0.47

0.49

0.54

0.51

0.47

0.47

0.43

0.42

0.24

0.25

0.29

0.26

0.24

0.25

0.24

0.23

0.60

0.61

0.63

0.62

0.59

0.58

0.56

0.54

0.44

0.49

0.52

0.50

0.41

0.40

0.39

0.38

n

0

o

0

o

80

o

120

o

80

o

80

o

2.13

2.18

2.36

1.85

1.84

2.16

1.80

1.36

1.54

1.67

1.82

1.63

1.85

1.87

1.59

1.43

6.23

5.77

5.79

4.31

6.9 5

6.39

6.33

5.9 8

3.70

2.87

4.52

2.54

3.37

3.88

3.82

4.17

7.38

6.52

7.12

4.58

6.85

6.05

6.57

6.18

8.09

8.09

8.52

7.16

7.35

7.9 8

6.65

5.16

0.040

0.045

0.045

0.039

0.033

0.042

0.034

0.022

0.028

0.037

0.037

0.032

0.032

0.037

0.031

0.029

0.111

0.111

0.115

0.085

0.122

0.116

0.107

0.100

0.071

0.060

0.078

0.050

0.059

0.076

0.067

0.073

0.132

0.105

0.124

0.09 3

0.103

0.112

0.111

0.113

0.164

0.151

0.162

0.161

0.135

0.159

0.113

0.09 2

W rist fle xion

(palm ar fle xion)

W rist e xte ns ion 

(dors ifle xion)

Elbow  fle xion

Elbow  e xte ns ion

Sh oulde r fle xion 

(forward e le vation) 

Sh oulde r e xte ns ion

38.7 

46.4 

45.9  

33.1 

42.1 

45.3 

44.7 

71.2 

40.3 

46.9  

45.9  

30.7 

43.5 

44.5 

44.6 

78.6 

39 .0 

46.4 

46.4 

32.8 

44.8 

43.6 

43.2 

65.9  

39 .3 

46.0 

47.0 

32.5 

43.4 

44.8 

42.5 

68.2 

38.8 

46.7 

44.4 

32.8 

46.0 

45.7 

44.0 

73.5 

38.8 

46.0 

44.4 

32.8 

46.3 

44.7 

43.6 

71.7

269 .2 

263.6 

272.5 

249 .0 

231.6 

213.1 

201.1 

174.6 

268.2

262.2

272.5

251.1

230.2

218.1

203.1

166.1

269 .2 

263.6 

273.4 

248.9  

228.1 

219 .9  

200.2 

178.1 

267.4 

265.3 

272.9  

250.0 

228.4 

215.8 

202.2 

171.6 

267.9  

262.4 

276.5 

248.9  

231.9  

216.5 

203.1 

179 .7 

267.9  

260.8 

276.5 

248.9  

230.1 

216.7 

201.7 

176.7

Joint torq ue

[Nm ]

20-29

30-39

40-49

50-59

60-64

65-69

70-74

75-79

20-29

30-39

40-49

50-59

60-64

65-69

70-74

75-79

20-29

30-39

40-49

50-59

60-64

65-69

70-74

75-79

20-29

30-39

40-49

50-59

60-64

65-69

70-74

75-79

20-29

30-39

40-49

50-59

60-64

65-69

70-74

75-79

20-29

30-39

40-49

50-59

60-64

65-69

70-74

75-79

33

33

30

39

66

9 3

68

17

30

33

30

40

67

89

69

16

35

33

29

40

75

9 5

78

20

33

32

28

39

66

9 4

68

19

34

31

29

40

66

82

62

15

34

32

29

40

70

9 3

65

16

Appe ndix C. Re fe re nce  value s  for joint torq ue  in th e  uppe r lim bs  of h e alth y Japane s e  wom e n;

SD  = Standard D e viation

Joint

torq ue /w e igh t

[Nm /k g]

Grip

stre ngth

[N]

m e an m e an m e anSD SD SD
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1

Muscle  action Joint

angle

Age  group

9 .86

10.88

10.88

10.89

9 .46

9 .66

8.9 0

8.04

9 .06

10.07

9 .9 0

9 .54

8.40

8.89

7.9 7

7.9 9

41.36

45.70

45.55

43.32

40.01

39 .9 3

36.12

35.87

24.61

25.30

25.77

22.9 4

22.52

22.20

21.11

19 .36

51.44

55.35

54.15

51.02

46.68

47.9 5

43.9 0

43.07

51.44

55.35

54.15

51.02

46.68

47.9 5

43.9 0

43.07

0.16

0.16

0.16

0.17

0.16

0.16

0.15

0.14

0.15

0.15

0.15

0.15

0.14

0.15

0.13

0.14

0.68

0.67

0.68

0.70

0.66

0.65

0.61

0.61

0.40

0.37

0.39

0.37

0.37

0.36

0.35

0.33

0.84

0.79

0.81

0.81

0.77

0.78

0.74

0.74

0.84

0.79

0.81

0.81

0.77

0.78

0.74

0.74

n

0

o

0

o

80

o

120

o

80

o

80

o

3.64

4.43

4.42

4.58

4.02

3.80

3.53

3.72

2.38

3.43

2.9 9

3.00

2.51

2.49

2.37

2.48

11.9 3

12.9 1

12.9 7

11.43

11.64

10.23

9 .06

11.30

7.9 3

7.20

7.18

6.87

7.44

6.55

5.9 1

5.31

12.84

12.60

14.53

14.18

13.20

11.72

10.12

9 .05

12.84

12.60

14.53

14.18

13.20

11.72

10.12

9 .05

0.063

0.059

0.072

0.060

0.066

0.056

0.053

0.058

0.041

0.051

0.048

0.041

0.042

0.039

0.037

0.043

0.19 5

0.187

0.205

0.150

0.186

0.154

0.133

0.169

0.132

0.104

0.114

0.09 5

0.121

0.100

0.09 3

0.089

0.189

0.157

0.202

0.160

0.19 1

0.165

0.155

0.138

0.189

0.157

0.202

0.160

0.19 1

0.165

0.155

0.138

W rist fle xion

(palm ar fle xion)

W rist e xte ns ion 

(dors ifle xion)

Elbow  fle xion

Elbow  e xte ns ion

Sh oulde r fle xion 

(forward e le vation) 

Sh oulde r e xte ns ion

73.3 

69 .9  

68.7 

75.7 

73.0 

63.8 

75.3 

51.0 

73.3 

68.8 

68.2 

75.4 

69 .8 

65.7 

72.9  

54.5 

74.3 

69 .6 

64.0 

82.4 

71.3 

66.3 

72.1 

54.4 

69 .7 

71.8 

68.5 

85.8 

73.6 

64.6 

75.7 

53.1 

75.7 

71.8 

68.5 

88.5 

72.9  

69 .9  

78.7 

50.1 

74.8 

71.8 

68.5 

87.0 

74.0 

69 .2 

75.9  

49 .0

411.2 

436.9  

435.6 

389 .6 

357.4 

340.2 

322.2 

325.6 

411.2 

436.1 

434.4 

39 0.6 

359 .3 

339 .8 

321.2 

322.2 

414.0 

435.5 

437.6 

39 5.0 

357.2 

340.6 

318.5 

323.6 

421.4 

436.8 

434.7 

402.1 

360.4 

339 .0 

323.0 

331.6 

415.6 

436.8 

434.7 

39 9 .1 

359 .4 

340.8 

318.5 

330.6 

416.4 

436.8 

434.7 

39 5.7 

358.3 

340.9  

322.2 

334.6

Joint torq ue

[Nm ]

20-29

30-39

40-49

50-59

60-64

65-69

70-74

75-79

20-29

30-39

40-49

50-59

60-64

65-69

70-74

75-79

20-29

30-39

40-49

50-59

60-64

65-69

70-74

75-79

20-29

30-39

40-49

50-59

60-64

65-69

70-74

75-79

20-29

30-39

40-49

50-59

60-64

65-69

70-74

75-79

20-29

30-39

40-49

50-59

60-64

65-69

70-74

75-79

36

43

39

39

68

103

84

23

36

43

40

40

70

101

87

19

37

45

44

39

72

109

86

25

34

35

33

33

62

9 6

74

21

34

35

33

31

64

89

72

19

34

35

33

31

64

89

72

19

Joint

torq ue /w e igh t

[Nm /k g]

Grip

stre ngth

[N]

m e an m e an m e anSD SD SD

Appe ndix D . Re fe re nce  value s  for joint torq ue  in th e  uppe r lim bs  of h e alth y Japane s e  m e n;

SD  = Standard D e viation
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Muscle  action Joint

angle

Age  group

35.34

35.13

38.81

35.9 7

35.41

34.22

32.70

24.9 9

21.45

20.60

21.32

20.08

19 .15

17.47

17.39

17.9 5

40.32

38.54

41.30

37.39

35.24

31.01

29 .43

28.12

59 .61

59 .20

67.40

58.9 3

55.06

49 .13

48.55

46.09

73.67

74.88

78.46

79 .71

77.34

67.74

68.26

58.17

47.74

53.46

58.86

55.58

56.43

41.9 2

41.51

42.46

0.71

0.70

0.78

0.68

0.66

0.66

0.62

0.50

0.43

0.41

0.44

0.38

0.36

0.34

0.34

0.36

0.80

0.76

0.83

0.71

0.65

0.60

0.56

0.58

1.19

1.19

1.38

1.12

1.03

0.9 5

0.9 3

0.9 0

1.46

1.48

1.60

1.52

1.43

1.32

1.31

1.17

0.9 6

1.05

1.20

1.06

1.03

0.82

0.80

0.88

n

0

o

0

o

15

o

75

o

15

o

105

o

16.789

19 .406

26.28

18.174

18.853

19 .314

19 .455

15.083

4.9 608

4.3088

4.2713

4.2809

4.5728

5.0458

4.4603

3.79 43

10.879

11.89 6

10.562

12.358

11.761

8.9 889

9 .89 9 9

8.2467

15.9 10

15.569

15.702

14.111

21.775

17.322

19 .627

14.172

18.129

18.718

16.142

15.89 1

22.404

19 .700

19 .547

19 .9 37

18.9 55

29 .9 02

22.124

25.071

32.236

23.422

21.484

17.687

0.327

0.387

0.501

0.329

0.332

0.357

0.354

0.284

0.09 0

0.09 0

0.09 1

0.081

0.09 3

0.085

0.082

0.075

0.204

0.261

0.171

0.261

0.202

0.162

0.164

0.167

0.321

0.39 5

0.279

0.319

0.352

0.331

0.321

0.235

0.334

0.355

0.286

0.355

0.368

0.39 0

0.29 5

0.366

0.401

0.578

0.416

0.514

0.533

0.447

0.407

0.419

Ank le  fle xion 

(plantar fle xion) 

Ank le  e xte ns ion

(dors ifle xion) 

Kne e  fle xion

Kne e  e xte ns ion

H ip fle xion

H ip e xte ns ion

5.0 

5.1 

5.4 

4.4 

3.5 

4.4 

4.5 

3.7 

5.0 

5.0 

5.4 

4.4 

3.5 

4.4 

4.6 

3.9  

4.9  

4.4 

5.5 

4.4 

3.2 

4.7 

4.2 

4.3 

5.0 

5.3 

5.5 

4.5 

3.2 

4.5 

5.2 

3.9  

4.8 

4.5 

5.5 

4.5 

3.2 

4.6 

4.2 

3.9  

4.9  

4.5 

5.5 

4.5 

3.1 

4.6 

4.1 

4.1

35.3 

35.8 

34.6 

29 .0 

25.5 

23.2 

21.6 

18.6 

35.4 

35.8 

34.6 

29 .0 

25.8 

23.2 

21.4 

18.9  

35.3 

36.0 

34.7 

29 .1 

25.8 

23.6 

22.0 

19 .1 

35.3 

36.1 

34.7 

29 .0 

25.7 

23.4 

22.2 

19 .5 

35.3 

35.2 

34.7 

29 .1 

26.1 

23.2 

22.4 

18.8 

35.2 

35.1 

34.7 

29 .2 

26.1 

23.4 

22.2 

19 .3

Joint torq ue

[Nm ]

20-29

30-39

40-49

50-59

60-64

65-69

70-74

75-79

20-29

30-39

40-49

50-59

60-64

65-69

70-74

75-79

20-29

30-39

40-49

50-59

60-64

65-69

70-74

75-79

20-29

30-39

40-49

50-59

60-64

65-69

70-74

75-79

20-29

30-39

40-49

50-59

60-64

65-69

70-74

75-79

20-29

30-39

40-49

50-59

60-64

65-69

70-74

75-79

32

31

30

40

67

101

75

17

31

32

30

40

73

9 3

75

13

34

28

26

36

40

57

33

11

33

32

29

39

51

71

51

15

32

29

29

38

42

63

41

15

33

30

29

37

43

60

41

12

Joint

torq ue /w e igh t

[Nm /k g]

Ve rtical jum p

[cm ]

m e an m e an m e anSD SD SD

Appe ndix E. Re fe re nce  value s  for joint torq ue  in th e  low e r lim bs  of h e alth y Japane s e  wom e n;

SD  = Standard D e viation
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1

Muscle  action Joint

angle

Age  group

59 .9 7

68.59

62.74

54.10

51.34

50.9 5

47.67

37.53

29 .88

32.49

31.72

29 .47

26.17

25.53

24.9 0

23.16

73.51

75.24

69 .68

62.22

54.71

51.9 1

46.18

42.19

108.33

113.16

101.20

9 5.38

81.68

78.14

74.9 5

71.17

127.53

142.73

132.29

115.67

110.02

105.75

101.04

9 4.9 5

9 9 .88

116.9 9

103.31

68.51

86.72

71.18

74.58

64.49

0.9 8

1.00

0.9 5

0.84

0.86

0.82

0.80

0.65

0.49

0.48

0.47

0.48

0.43

0.42

0.42

0.40

1.18

1.08

1.04

1.00

0.89

0.84

0.76

0.73

1.72

1.64

1.49

1.52

1.36

1.27

1.22

1.24

2.08

2.07

1.9 8

1.86

1.80

1.74

1.64

1.64

1.65

1.72

1.58

1.09

1.44

1.15

1.22

1.10

n

0

o

0

o

15

o

75

o

15

o

105

o

36.414

39 .347

37.436

29 .184

24.731

27.058

26.105

17.867

8.1763

7.428

7.676

6.49 88

7.6256

5.3688

5.0875

5.2406

24.834

18.9 09

26.472

24.601

18.321

14.707

14.288

15.411

46.279

35.139

39 .9 27

37.588

29 .09 8

25.809

21.408

21.146

39 .524

37.58

47.024

38.183

35.586

26.9 25

25.031

26.722

71.264

83.542

79 .454

39 .23

39 .49 6

38.473

40.064

40.817

0.561

0.568

0.59 2

0.385

0.421

0.417

0.432

0.311

0.124

0.119

0.119

0.09 5

0.117

0.09 0

0.089

0.088

0.376

0.242

0.421

0.344

0.271

0.222

0.19 8

0.258

0.650

0.49 7

0.539

0.547

0.434

0.39 3

0.334

0.29 3

0.689

0.552

0.741

0.49 3

0.462

0.430

0.364

0.460

1.180

1.232

1.267

0.546

0.650

0.562

0.670

0.702

Ank le  fle xion 

(plantar fle xion) 

Ank le  e xte ns ion

(dors ifle xion) 

Kne e  fle xion

Kne e  e xte ns ion

H ip fle xion

H ip e xte ns ion

9 .1 

6.9  

8.3 

6.7 

6.8 

5.6 

5.0 

5.6 

9 .3 

6.8 

8.3 

6.9  

6.7 

5.6 

5.0 

5.4 

7.7 

7.5 

8.7 

6.8 

7.1 

6.3 

5.4 

4.9  

7.7 

7.4 

8.8 

6.7 

6.9  

6.1 

5.1 

6.1 

7.7 

7.5 

8.7 

6.5 

7.5 

6.2 

5.2 

4.9  

7.7 

7.5 

8.7 

6.5 

7.4 

6.0 

5.1 

5.2

52.3 

48.1 

45.6 

39 .8 

34.5 

31.0 

28.2 

26.0 

52.7 

48.3 

45.9  

39 .8 

34.6 

31.1 

28.0 

25.7 

53.3 

48.1 

45.2 

39 .8 

34.8 

30.9  

28.8 

27.1 

53.3 

48.1 

44.7 

39 .8 

35.0 

31.0 

28.3 

26.6 

53.3 

48.1 

44.9  

39 .4 

34.9  

31.2 

28.7 

27.5 

53.3 

48.1 

44.6 

39 .4 

35.2 

30.9  

28.7 

26.9

Joint torq ue

[Nm ]

20-29

30-39

40-49

50-59

60-64

65-69

70-74

75-79

20-29

30-39

40-49

50-59

60-64

65-69

70-74

75-79

20-29

30-39

40-49

50-59

60-64

65-69

70-74

75-79

20-29

30-39

40-49

50-59

60-64

65-69

70-74

75-79

20-29

30-39

40-49

50-59

60-64

65-69

70-74

75-79

20-29

30-39

40-49

50-59

60-64

65-69

70-74

75-79

35

41

41

39

70

108

86

26

36

43

42

38

67

109

88

24

34

33

33

32

47

66

47

14

34

34

31

33

54

81

58

17

34

33

32

31

44

72

53

13

34

33

31

31

41

72

53

14

Joint

torq ue /w e igh t

[Nm /k g]

Ve rtical jum p

[cm ]

m e an m e an m e anSD SD SD

Appe ndix F. Re fe re nce  value s  for joint torq ue  in th e  low e r lim bs   of h e alth y Japane s e  m e n;

SD  = Standard D e viation
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Appe ndix G.  Com parison of e xtre m ity joint torq ue  (EJT) value s  in e ach  joint w ith  

ANO VA

Joints  and m otion

W om e n

F

W rist fle xion (palm ar fle xion)

W rist e xte ns ion (dors ifle xion)

Elbow  fle xion

Elbow  e xte ns ion

Sh oulde r fle xion (forward e le vation) 

Sh oulde r e xte ns ion 

Ank le  fle xion (plantar fle xion) 

Ank le  e xte ns ion (dors ifle xion) 

Kne e  fle xion

Kne e  e xte ns ion

H ip fle xion

H ip e xte ns ion

2.744 

5.517 

4.406 

2.260 

2.104 

6.124 

0.868 

7.312 

7.863 

7.051 

3.211 

2.49 9

0.019  

0.000 

0.001 

0.048 

0.064 

0.000 

0.502 

0.000 

0.000 

0.000 

0.008 

0.031 

3.532 

6.036 

7.9 62 

4.644 

7.259  

6.758 

5.230 

17.439  

18.440 

13.362 

10.671 

5.222

0.004 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000

Me n

F

P

P

Appe ndix H . Com parison of e xtre m ity joint torq ue   (EJT) value s  in e ach  joint  for wom e n;

a

 D une tt t te sts  p<0.05; W P = W rist fle xion (palm ar fle xion); W D  = W rist e xte ns ion (dors ifle xion); 

EF = Elbow  fle xion; EE = Elbow  e xte ns ion; SF = Sh oulde r fle xion (forward e le vation);

SE = Sh oulde r e xte ns ion; AP = Ank le  fle xion (plantar fle xion); AD  = Ank le  e xte ns ion (dors ifle xion);

KF = Kne e  fle xion; KE = Kne e  e xte ns ion; H F = H ip fle xion; H E = H ip e xte ns ion

Com parison of age  groups

30-39  <>  20-29

40-49  <>  20-29

50-59  <>  20-29

60-69  <>  20-29

70-79  <>  20-29

Com parison of age  groups

30-39  <>  20-29

40-49  <>  20-29

50-59  <>  20-29

60-69  <>  20-29

70-79  <>  20-29

W P

0.59 6 

0.282 

0.041a 

0.179  

0.883 

AP

0.808 

0.507 

0.746 

0.845 

0.9 77 

W D

0.451 

0.224 

0.010a 

0.264 

0.9 82 

AD

0.9 51 

0.823 

0.9 87 

1.000

1.000

EF

0.503 

0.156 

0.047a 

0.39 3 

0.9 86 

KF

0.9 54 

0.69 5 

0.9 88 

1.000 

1.000 

EE

0.473 

0.037a 

0.059 a 

0.259  

0.707 

KE

0.833 

0.132 

0.853 

1.000 

1.000

SF

0.569  

0.632 

0.171 

0.653 

0.9 83 

H F

0.113 

0.072 

0.009 a 

0.001a 

0.114

SE

0.19 5 

0.117 

0.033a 

0.9 38 

0.9 9 2 

H E

0.438 

0.134 

0.270 

0.79 7 

0.9 84 

Appe ndix I. Com parison of e xtre m ity joint torq ue   (EJT) value s  in e ach  joint  for m e n; No s ignificant 

diffe re nce s  w e re  found in th e  D une tt t te st ; W P = W rist fle xion (palm ar fle xion); W D  = W rist 

e xte ns ion (dors ifle xion); EF = Elbow  fle xion; EE = Elbow  e xte ns ion; SF = Sh oulde r fle xion (forward 

e le vation); SE = Sh oulde r e xte ns ion; AP = Ank le  fle xion (plantar fle xion); AD  = Ank le  e xte ns ion 

(dors ifle xion); KF = Kne e  fle xion; KE = Kne e  e xte ns ion; H F = H ip fle xion; H E = H ip e xte ns ion

Com parison of age  groups

30-39  <>  20-29

40-49  <>  20-29

50-59  <>  20-29

60-69  <>  20-29

70-79  <>  20-29

Com parison of age  groups

30-39  <>  20-29

40-49  <>  20-29

50-59  <>  20-29

60-69  <>  20-29

70-79  <>  20-29

W P

0.313 

0.324 

0.319  

0.89 3 

0.9 9 4 

AP

0.262 

0.629  

0.9 61 

0.9 9 6 

1.000

W D

0.137

0.223

0.465

0.9 51

0.9 9 9

AD

0.113

0.266

0.861

1.000

1.000

EF

0.119  

0.134 

0.472 

0.9 44 

1.000 

KF

0.676 

0.9 65 

1.000 

1.000 

1.000 

EE

0.635 

0.512 

0.9 77 

0.9 9 8 

1.000 

KE

0.553 

0.9 72 

0.9 9 8 

1.000 

1.000 

SF

0.252 

0.424 

0.842 

0.9 9 8 

1.000 

H F

0.113 

0.588 

0.9 9 4 

1.000 

1.000 

SE

0.727 

0.468 

0.646 

0.9 9 9  

1.000 

H E

0.275 

0.720 

1.000 

1.000 

1.000 




