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ENDURANCE TIME IN SLOW AND FAST 
CONTRACTING MUSCLE GROUPS

by Svend M olbech, M.Sc. and Sophus H . Johansen, M .D.*

fJoIbech, S- and Johansen, S. H . Work-environm.-hlth 10 (1973) 62— 64. Endurance tim e in slow and fast con
tracting muscle groups. T he endurance tim e (the m axim um  dura tion  o f a  sustained isom etric  m uscle contraction) 
f a slow and fast contracting m uscle group  was investigated in six subjects. T he m uscle groups exam ined were 

the p lantar and the dorsal flexors o f the  ankle joint. T h e  m easurem ents were m ade with a  90° flexion in the knee 
joint. A fter determ ination  o f the  m axim um  isom etric m uscle strength , the endurance tim e was m easured a t 50 
per cent of the  m axim um  strength. T h e  p la n ta r  flexors showed a  s ta tis tica lly  significant longer endurance tim e  
than did the dorsal flexors. T his indicates th a t the ab ility  o f a  m uscle group  to  m aintain  a  sustained isom etric 
contraction depends on the  relative p ro p o rtio n  o f slow and fast contracting  m uscle fibers.

S triated  m uscles are  com posed o f slow and fast con
tracting muscle fibers (2, 3). T h e  slow  (red) fibers are 
■jch in m itochondria and m yoglobin and are  relatively 
" i n ,  whereas fast (white) fibers contain  a  sm aller 
num ber of m itochondria, less m yoglobin, have a  larger 
diam eter, and are  richer in glycogen. Schm albruck (7) 
analyzed hum an m uscles fo r  fiber types and dem on
strated that the  soleus m uscle contained 89% slow 
fibers (type C), w hereas th e  tib ial m uscle contained 
46% only, the rest being com posed of B and A  fibers, 
which are poorer in m itochondria.

Rohm ert (6 ) dem onstrated  th a t endurance tim e (the 
maximum duration  o f a  sustained isom etric m uscle con
traction) was independent o f m uscle group  and subject 
and only dependent on the  relative load.

In an earlier study (5) we found  th a t endurance tim e 
in elbow flexion during pa rtia l curarization  was 
significantly decreased w ith +  tubocurarine  bu t showed 
a tendency to  increase w ith decam ethonium . T h e  slow 
and fast fibers have a  different sensitivity tow ards 
curarizing agents. T h e  m arked reduction  in  endurance 
time found w ith +  tubocurarine  thus was explained by 
the facts that the  slow fibers are  best fit fo r sustained 
isometric contraction , and a t the sam e tim e m ore 
sensitive tow ards the  drug th an  the  fast fibers.

The D anish N a tional A ssociation fo r  Infantile  
Paralysis, and the D epartm en t o f  A nesthesia II, 
Gentofte H ospital, H ellerup, D enm ark.

T hese results suggest that endurance tim e, defined as 
the  m axim um  tim e an isom etric  m uscle contraction  can 
be m aintained a t a constant tension, could vary with 
the con ten t o f slow and  fast fibers.

T he aim  of this study, therefore, was to  investigate 
w hether there is a difference in the  endurance tim es of 
tw o m uscle groups, w hich , are  know n to  be slow and 
fast, respectively. F o r  this purpose we have chosen to 
study m .soleus in a  p lan tar flexion under conditions 
w hich reduce the con tribu tion  o f the  gastrocnem ius 
m uscle to  a  m inim um , and m .tibialis an terio r in dorsal 
flexion o f the  ankle joint.

T able  1. Subjects’ da ta , the m ean  values o f  three  m ea
surem ents on  each subject o f th e  m axim um  isom etric 
strength  in p lan tar and dorsal flexion, and the corre
sponding average endurance tim es a t approx. 50% of 
the m axim um  isom etric strength.

M ethods and Procedures

T h e  subjects were placed in the  supine position on 
a tab le  w ith 90° flexion in  the  hip and knee jo in ts, the 
th igh  being fastened to  a  vertical board , the  lower leg 
fastened on  a  horizon tal plate. T h e  subjects wore solid 
shoes on  w hich a  modified ice skate was screwed and 
strapped  in the  conventional position  so th a t the  forces 
exerted were transm itted  from  th e  tip  o f the skate. A  
stra in  gauge dynam om eter was m ounted  on a  w ire 
w hich connected the  tip  of the  skate w ith either a 
com plete fixation —  fo r the  m axim um  isom etric 
streng th  m easurem ents —  or a  trundle , 15 cm diam eter, 
on  ball bearings fo r the  endurance tim e m easurem ents.

Subj. Sex Age H eight W eight M axim um  isom etric E ndurance tim e
years cm kg strength 

p lan ta r dorsal 
flexion flexion

in min. 
p lan tar dorsal 
flexion flexion

KH
BO
AJ

BS
LJ
AP

Overall average

44
30
17

56
19
18

162,5
176.0
166.0

65.5
64.5 
55,0

80,7
98,9
73,0

166,5
182,0
179,0

73.0
76.0
68.0

69,9
103.0
106.0

25.6 
34,3
34.7

33.0 
39,2
34.0

2,75
3,86
4,16

3,71
3,29
3,48

3,54
±0,56

1,63
1,25
1,60

1,98
1,17
1,88

1,58 
+ 0,34
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All m easurem ents were perform ed on the  sam e leg, 
with th e  ank le  jo in t a t 90°. T he tensions were recorded 
by m eans of an ink writing potentiom eter.

T he experim ents were perform ed on each subject with 
several days’ interm ission. A fter strapp ing  the  subject 
to  the test tab le  th ree  m axim um  isom etric  flexions were 
perform ed with in tervals o f a  few seconds. T h e  best 
of the three  was taken as the  m axim um  isom etric 
strength fo r th a t test day. T he subject then  rested for 
20 min. In the m eantim e a load corresponding to  50% 
of the m axim um  strength  was a ttached to the skate 
via the  w ire and hung over the  trundle . A fte r the  rest
ing period, the subject was to ld  to ho ld  this load with 
the ank le  a t 90° as long as possible. T h e  m axim um  
tim e the  fo o t could be kep t in the  righ t position  was 
the endurance tim e. E ndurance tim e was investigated 
in three  fem ale and th ree  m ale subjects ranging from
17 to 56 years o f age.

Results

T h e  characteristics o f the subjects ap p ear in tab le  1, 
as do the  values of m axim um  p lan ta r and dorsal flexion 
(average o f the  three  best results, one fo r each test 
day). It also shows th e  average of the  corresponding 
endurance tim es m easured  a t approx . 50% of the 
m axim um  isom etric  strength  (50,0% + 0,5  fo r  p lan ta r 
flexion, and 50,0% + 0 ,7  fo r dorsal flexion). TTie 
strength  in p lan ta r flexion is tw o to  th ree  tim es greater 
than  in dorsal flexion. T h e  difference in endurance  tim e 
betw een p lan ta r and dorsal flexion a t the  sam e relative 
load (50% of m ax. strength) is statistically  significant 
(p < 0 ,0 0 5 , S tuden t’s t test, pa ired  observations).

Discussion

T h e  observed difference in endurance tim e between 
the tw o m uscle groups canno t be explained by differ
ences in b lood flow. H ydrosta tic  factors will dim inish 
blood flow to the  sam e degree in bo th  m uscles in the 
experim ental position , and  it is m ost likely th a t cir
cu lation  th rough  the  m uscles is severely im peded a t an 
isom etric con traction  of 50% of the  m axim um  strength 
(1, 4).

A t the onset o f static  w ork in a  sub-m axim al con
traction  producing 50% o f the  m axim um  isom etric 
strength, the degree o f effort will be m odera te . As 
tim e passes, the effort will increase, and a t the  cessa
tion of the endurance tim e period  the  effort will be 
m axim um , a lth o u g h  the m echanical tension  is u n 
changed. T h e  d istribu tion  o f the  tension-producing 
fibers will change during the  w ork period, as fatigue 
g radually  affects m ore and m ore fibers. T h e  fibers 
poorest in m yoglobin are  the first to be affected during 
static (isom etric) w ork of such long du ra tion  th a t 
anaerobic  processes becom e predom inant.

T he num ber o f capillaries per m uscle fiber in red 
m uscle, and thus the larger oxygen store, canno t explain 
the observed difference in endurance tim e.
(p < 0 ,0 0 5 , S tuden t’s t test, paired observations). 
(p < 0 ,0 0 5 , S tuden t’s t test, paired observations).

In isom etric  p lan tar flexion the prim e m uscle will be 
soleus, especially when the low er extrem ity  is flexed 
in the  knee jo in t; this flexion m inim izes the con tribu tion  
of tension from  the gastrocnem ius m uscle. In  dorsal

flexion the m ost im portan t m uscle will be the  anterior 
tib ial m uscle. D ue to  the  difference in distribution of 
fiber types in the two m uscles, soleus will be better 
fit fo r static w ork th an  tibialis; th is explains the differ
ence in endurance tim e betw een the  two m uscle groups 
found a t 50% of the m axim um  isom etric strength. The 
difference could actually  be explained by any decisive 
difference in the physiological functions, characteristic 
o f the two fiber types. T he m ost obvious explanation, 
however, seems to  be th e  relatively long duration of 
the single con traction  of the  slow, red m uscle fiber. In 
a  subm axim um  contraction , tetanus is achieved at a 
lower frequency than in a  fast, w hite fiber. Thus a 
given m echanical tension can be produced by a rela
tively sm aller num ber o f fibers. T h e  endurance time 
of the  dorsal flexors is in good agreem ent with Roh- 
m crt’s da ta  (6), w hereas th a t found  fo r p lan tar flexion 
is significantly longer.

T his m eans th a t the com position of muscles, as re
gards the d istribu tion  of fiber types, will influence the.* 
tension-tim e curve in such a way th a t predom inancy 
of slow C fibers will pro long endurance tim e, a t leasr 
a t 50% of the  m axim um  isom etric strength.

T he finding seems to indicate the im portance of 
choosing m ainly m uscle groups with a relatively high 
con ten t o f red m uscle fibers fo r occupational work 
dom inated  by isom etric (static) w ork and fo r work 
of long duration  with m ore o r  less im peded circulation. 
A lso the  finding m ight explain differences in fatigue in 
different m uscle groups during  occupational work. As 
endurance tim e seems dependent no t only on the rela
tive load pu t on the  m uscle during static contraction, 
bu t also  on the  m uscle com position , the  m axim um  iso
m etric strength  of a  m uscle group  does no t give a 
tru e  picture o f the capability  to  perform  static work. 
W hen train ing  m uscle strength  (e.g., patients during and 
afte r hosp italization , rehabilitees a fte r a  period of un
em ploym ent) it is likely th a t th e  type o f training used 
influences the m axim um  isom etric strength and the en
durance  tim e of the sam e m uscle group  to different 
extents depending on the tendency of the training to 
increase red properties of the  involved m uscle fibers.
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