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LETTER TO  THE  EDITOR

A  STUDY OF FATIGUING ISOMETRIC CONTRACTIONS OF THE
HUMAN FIRST DORSAL INTEROSSEOUS MUSCLE

S i r ,
( Rece ived  on  March  14 ,  2006 )

Surface  e lec t romyogram (EMG) f rom
musc les  undergoing  sus ta ined  i somet r ic
voluntary contractions has been well studied.
Power  spect ra l  analys is  of  the  myoelect r ic
signals so obtained, characteristically shows
a t ime dependant  sh i f t  of  the  mean power
f requency  to  lower  f requenc ies ,  as  the
contraction proceeds (1). Such a compression
of  the  EMG power  spec t rum to  lower
frequencies has been considered as an index
of localized muscle fatigue (2) and has been
attributed mainly to a decrease in the muscle
fibre conduction velocity (3). This study was
done to quantify the changes in the EMG of
the  f i r s t  dorsa l  in te rosseous  (FDI)  musc le
dur ing  fa t igu ing  con t rac t ions  in  a  smal l
group of  the Indian populat ion.

Eight  subjects  (5  males  and 3 females)
aged 18 to 27 years participated in the study
fo l lowing  a  wr i t t en  in formed consen t .  Al l
were r ight  handed,  heal thy volunteers  with
no known history of neuromuscular disease.
Subjec t s  were  no t  se lec ted  based  on  the i r
physical condition or level of exercise of the
hand as with piano training. All the subjects
were  made  fami l ia r  wi th  the  exper imenta l
procedure,  and had practice sessions before
ac tua l  record ings .  The  tempera ture  o f  the
room was between 27–32°C during al l  tes t
sess ions .

Sta t ic  i sometr ic  contrac t ion of  the  FDI
of  the  dominant  hand  was  per formed

to  exhaus t ion ,  by  abduc t ing  the  index
f inger  aga ins t  a  fo rce  t ransducer  (Grass
Ins t ruments  L td . ) ,  kep t  f i rmly  f ixed  on  a
board ,  a t  50% of  the  maximal  vo lun ta ry
cont rac t ion  (MVC) .  Musc le  fo rce  was
ampl i f i ed  and  acqui red  on  a  persona l
computer (PC). The signal was also displayed
on the moving chart paper of a physiograph
by means of a pen recorder. The MVC was
taken  as  the  l a rges t  o f  the  peak  forces
produced by three brief (3 second duration),
maximal contractions of the FDI muscle,  at
intervals of 1 minute. The contraction at 50%
MVC was  done  20–30 min  af ter  recording
the MVC. Visual feedback was given to the
subjects to maintain force at  50% MVC by
means  of  a  p rede te rmined  l ine  (ca lcu la ted
from the MVC) drawn on the moving chart
paper of  the physiograph and the sustained
contraction was maintained by them without
any verbal  encouragement .  The contract ion
was  te rmina ted  when  the  sub jec t  fe l t  tha t
the force could no longer be maintained at
the  requ i red  leve l .  The  dura t ion  of
contract ion was noted from the recordings.

The surface EMG picked up by 2 circular
silver disc electrodes (1 cm diameter) placed
2  cm apar t  on  the  FDI ,  was  ampl i f ied ,
digi t ized,  d isplayed and s tored on the  PC.
The raw EMG was bandpass filtered between
20 Hz and 500 Hz. A custom software was
used to compute the Mean frequency  of the
EMG by spectral analysis using an 8 second
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moving  window of  the  EMG.  The  mean
frequency values  a t  the  f i rs t  8  sec  (T 0)  of
contraction, at  1 min of contraction (T1 min) ,
at mid-point of contraction (Tmid) and at end
of contraction (Tend)  were noted. Percentage
changes of mean frequency of EMG from the
value at time T0 were calculated and fed into
an  SPSS package  for  repea ted  measures
analys is  of  var iance  fo l lowed by  pos t  hoc
Bonferroni test. Probability values of P<0.05
were  cons idered  s ta t i s t i ca l ly  s ign i f ican t .
Percen t  changes  were  used ,  ra ther  than
absolute values, when pooling data from all
subjects ,  as  the la t ter  depend on a  number
of  fac tors  l ike  e lec t rode  or ien ta t ion  and
spac ing .

Table I  presents the main results  of  al l
parameters  measured in  a l l  subjec ts .  Mean
force  developed dur ing  cont rac t ion  of  FDI
a t  50% MVC was  8 ± 0 .61  (mean ± SEM)
Newton  and  the  average  dura t ion  of
cont rac t ion  to  fa t igue  was  5 .08 ± 0 .755
(mean ± SEM) min.  The power  spectrum of
the EMG showed a general shift of the mean
power  f requency  to  lower  f requenc ies  as
cont rac t ion  progressed ,  which  became
significantly lower at time Tend from that at
time T0 (Fig. 1).

Fig.  1 : T0, initial 8 sec of contraction; T1 min,  at 1 min
of contraction; Tmid, at mid point of contraction;
T end,  a t  end  o f  con t rac t ion .  Da ta  po in t s  a re
mean±SEM,  (n=8) .
*Signif icant ly  dif ferent  f rom T0,  P<0.05.

The  FDI  musc le  i s  cons t i tu ted  by  low
threshold  and  h igh  th resho ld  motor  un i t s
which  a re  repor ted  to  be  fa t igue  res i s tan t
and  fa t igue  suscep t ib le  respec t ive ly  (4 ) .
Near ly  a l l  the  motor  uni t s  of  the  FDI  are
known to be activated at 50% MVC (5). The
shift in the power spectrum of EMG to lower
frequencies is believed to be due to fatigue
selectively of the fast twitch, type II muscle
fibres (6). The results of our study done in
an  Ind ian  popula t ion  cor robora te  the
f ind ings  o f  p rev ious  s tud ies  done  in  the
western populat ion.  We found a s ignif icant
sh i f t  in  the  mean  power  f requency  of  the
EMG of the FDI muscle to lower frequencies,
a t  the  po in t  o f  fa t igue ,  dur ing  s ta t i c

TABLE I : Force  in  Newton (N)  a t  50% maximal  voluntary  contract ion (MVC),  dura t ion of  contract ion,
spectral parameters in hertz (Hz) and percent shift in mean frequency at Tend,  for all  subjects.

Spectral parameters (Hz)
Subject 50% MVC Duration % shift at Tend

N M i n T 0 T 1 m i n T m i d T end

D J 9.8 3.7 114.4 108 101.8 79.1 30.9
B P 5.39 3.9 148.5 135.9 112.1 74.7 49.7
B J D 7.35 6 67.8 60.6 46.6 39.8 41.3
SDB 7.96 5.2 182.4 157.8 130.9 69.8 61.7
S R 10.4 4.7 129.0 125.0 116.2 108.4 16
KD 9.19 3.7 101.3 100.8 96.4 83.1 18.0
BKC 7.35 3.5 108.9 110.2 106.7 105.6 3
RC 6.43 9.9 127.8 108.4 59.8 63.2 50.5

T0, T1 min, Tmid and Tend are the mean frequencies within the initial 8 sec of contraction, at 1 min of contraction, at
mid-point and at end of contraction respectively.
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isometric  contract ions of  the FDI muscle.

A limitation of the study was that it was
not  possible  to  document  that  each subject
had  reached  the  same degree  of  musc le
fa t igue  a t  cessa t ion of  muscle  contrac t ion.
In one of the subjects (BKC) the shift in the
mean power frequency to lower level at Tend

was  compara t ive ly  l ess .  Th is  cou ld  be
attributable to the presence of only minimal
localised fatigue of the subject’s FDI muscle
at  termination of contraction which may be
expla ined  by  the  fac t  tha t  fac tors  l ike
mot iva t ion  a re  d i f f i cu l t  to  con t ro l .  A
repeated recording done in the same subject
gave a mean frequency value of 76.5 Hz at
T0 which increased to a value of 106 Hz at
T1 min and subsequently fell to a value of 97.4
Hz at Tmid and 76.7 Hz at Tend. We are unable
to  exp la in  th i s  unusua l  observa t ion  of  a
lower value of mean power frequency at the
beginning of contraction. The recorded EMG
did not have any noise and the probability of
involvement of EMG picked up from other
muscles was ruled out by further experiments.

Similar  s tudies  done to  electr ical ly  and
mechanica l ly  charac te r i se  the  con t rac t ions
of  the  FDI  musc le  in  d i f fe ren t  g roups  of
people ,  whose  hand  musc les  have  been
t ra ined  d i f fe ren t ly  as  a  resu l t  o f  the i r
occupa t ion ,  would  be  in te res t ing .  I t  cou ld
throw l igh t  on  the  na ture  o f  the  t ra in ing
effects  produced by the occupat ion and i ts
inf luence  on  the  f ibre  type  d is t r ibut ion  in
the FDI muscle. Greater compression of the
mean power frequency has been reported in
individuals with a higher proportion of type
II muscle fibres (7).  Would the duration of
contraction to exhaustion be longer and the
compression of mean frequency of EMG be
lesser ,  in  pa in ters ,  typ is t s  and  embroidery
workers than in manual labourers ? Answers
to these questions could find application in
ergonomics and work physiology.
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