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Bat tye ,  Nightingale & Whillis  (1955), werc thc first to recommend the 
use of myo-electric potentials for the control of powcred prostheses. A 
model of a prosthesis, in which signals transmitted by skin electrodes 
has been described by Kobrinaki (1960) and is subject to furthcr cx- 
position by Mch'enxie (1965). The use of myo-signals has also becn 
discusscd in works by Bot tomlry  ( l962) ,  Bot tomley ,  Kinnirr Wilsen 
& Nightingale (1963). Reccntly, (1965) Rottornley discussed the match- 
ing of amplifiers to electrodes showing a resistance up  to  200 KOhms. 
The suitability of the niyo-signals is far  as their composition of 
frequency is concerned, has been discussed by Rat tyr  e l  a1. (1955) 
and by Horn (1963), and morc particularly by Hirsch, KuiscJr di- 
Petersen (1965). 

Considerably morc searching information than up  to the present is 
howcver required regarding the characteristics of the muscular action 
potentials from muscles in the region of amputation and proximal 
muscles. The prcscnt work rcfcrs to such an invcstigation of arm- 
amputated subjects, in which cases conventional EMG, frcqucncy 
analysis of the EMG-signals, and determination of the muscle tem- 
perature have bccn performed. 

M A T E R I A L  A N D  M E T H O D S  

The material consists of 50 patients from the department of orthopaedics, who have 
previously been subject to a rm amputation. As will be seen from Figure 1, there 
were 42 cases of traumatic arm amputations, 35 men and 7 women, of ages ranging 
from 20 t o  72 years. Amputation of the a rm had been performed from 5 to 68 ycars 
previously, with the exception of two cases where i t  had been carried out 4 months 
and 12 months earlier, respectively. There were eight cases of congenital amputations 
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Figure I .  

50 cases 
Traumatic amputation 42: 35 8 7 9 
Congenital amputation 8: 2 8 6 9 
Right side 31 
Left side 19 

-2 men and 6 women of the ages 10 to 47 years. In 31 cases the amputation was on 
the right side and in 19 cases, on the left. In 2 cabes a complete exarticulation was 
performed, in 11 cases the amputation was performed on the hrachium, in 32 cases 
on the forearm, and in 5 cases, helow the wrist. 

In  all the cases, an EMG test of routine type was made on the remaining muscles 
belonging to the extensor and flexor group of the forearm, hl. brachioradialis, 
M. biceps hrachii and M. triceps hrachii, M. deltoideus and hl. trapezius. Coaxial 
needle electrodes with an outer diameter of .65 mm. (Disa) were used. The action 
potentials were recorded by a Disa machine. In 26 cases, a frequency analysis of the 
EMG signals was carried out by means of a method descrihed hy Kaiser & Z’rtersiri 
(1965). In this method the signals are filtered by means of octave filters, the output 
of which is used to express the spectral frequency distribution of the muscle action 
potentials. The center frequencies of the octave filters were 50 Hz, 200 Hz, 800 Hz 
and 1600 Hz, and the spectral distribution expressed as the logarithm of the ratio of 
the different filter outputs as compared to the 200 Hz output. 

In 19 cases the temperature of a muscle in the stump remaining after the amputa- 
tion was determined for comparison with that of the corresponding muscle on the 
other side. The temperature recordings were made by means of a thermo-element 
type of instrument from ELLAB, Copenhagen. 

R E S U L T S  

The R es u 1 t s of Electrom yographic In ues t iga t ion 

The result of the routine EMG test can be scrn in Figure 2, which 
shows the distribution of normal EMG findings, as well as findings 
of EMG-signs of lower motoneuron lesion. The distribution of these 
findings appear to be more or less as anticipated, namely, that the 
majority of the lower motoneuron lesions have been diagnosed in 

11‘ 
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EMC-findings 

Trapezius 2 10 24  2 
Deltoideus 9 1 22 2 
Hiccps 4 a 29 1 3 
Triceps 1 22 1 2 
Forearm 

Extensors 17 10 5 
Flexors 20 8 5 
Brachioradialis 18 7 4 

Figure 2. 

muscles directly associated with the region of amputation. In sonic 
solitary cases, the nature of the injury caused signs of lower motoncu- 
ron lesions to appear in more proximal muscles also. 

Figure 3 shows some examplcs of EMG findings. B. shows the typical 
EMG sign of voluntary contraction in cases of lower motoncuron 
lesion; in this case, amputated on the hrachium, the EMG has been 
recorded from M. biceps brachii. For the sake of comparison, A shows 
the normal “interference” activity from M. biceps brachii on the oppo- 
site arm.  C also shows a somewhat reduced activity. The potentials 
show here to  a great extent a polyphasic form, as illustrated in the scpa- 
ratc picture to the extreme right. This surplus of polyphasic potentials 
may constitute an  expression of a reinnervation process, and was noted 
in this material in six different muscles. Fibrillary action potentials 
were observed in three muscles only. D shows the amazingly favour- 
able activity from islands of trapezius muscle left behind in one of the 
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Figure 3. A )  normal  mo tor  un i t  ac- 
t iuity f r o m  M .  biceps hrachii on the 
non-amputated side, R)  M .  biceps 
brachii on the  amputated side in thr  
same patient as in A ) .  Reduced n u m -  
bcr of potentials on ooluntary con- 
traction us in the cas t  of lower moto-  
neuron lesion, C) diminut ion  o f  mo tor  
uni t  actioity on voluntary Contraction 
o f  muscles in the region of umputation. 
To the  extreme r ight :  polyphasic 
potentials. A surplus quant i ty  of poly- 
phasic potentials in t h i s  case m a y  be 
a sign of reinneruation, D) actiuity 
f r o m  a small  residue of a muscle cor- 
responding to  the posit ion o f  M .  tra, 

pez ius  in an  rxartirulated patient.  

exarticulated cases. In  neither of these two cases could these islands 
of muscle be activated in response to a call for voluntary contraction. 
When, on the other hand, the patient on request contracted the tra- 
pezius on thc uninjured side, a simultaneous activation of the muscle 
islands on the exarticulated side could hc observed. 

In one particular case the patient had a certain amount of trouble 
in mobilizing the muscles left behind to  perform a contraction, al- 
though the muscles in the stump region were in a good state of pre- 
servation. The case referrcd to a forearm amputation at  the age of three 
in a patient now 71 years old. 

Apart from these EMG findings, a certain increase in duration of the 
observed muscle potentials was noted as the only divergent finding in 
20 muscles. In  order to determine the significance of such an  increased 
duration of potential i t  would he necessary to collect a number of poten- 
tials from different needle position in muscles on the side of amputation 
for statistical evaluation and comparison with corresponding muscles 
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Muscle temperature 
Difference between 
amputated and 
non-amputated side. 
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EMG 

normal 

lower motoncuron lesion 
normal 
increased duration 
normal 

increased duration 
lower motoneuron lesion 
increased duration 

lower motoncuron lesion 

increased duration 
lower motoneuron lesion 
increased duration 
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Figure 4 .  Difference in muscle temperature between amputated and non-amputated 
sides in collation w i th  EMG findings in the muscles on the amputated side where 

the temperature of the muscle has brrn measured. 

in the other arm, or with known normal material published. Since, how- 
ever, parts of muscles left behind often are of insiginificant size, and in 
view of the fact that the patients as a rule are rather sensitive to necdlc 
pricks in the stump region, it has not been possible to assemble a suffi- 
cient amount of material of muscle action potentials to accomplish such 
a statistical analysis. 

Result of the Determination of the Muscle Tcmperature 

In 19 of the cases investigated, the muscle temperature was measured 
in a muscle located within the stump region, as well as in the corre- 
sponding muscle of the other arm. The result is shown in Figure 4. 
The difference in temperature betwecn the two compared niuscles is 
shown to the left. Only in the topmost casc is there no difference. In 
all the other cases the muscle temperature is lower on the amputated 
side. In 13 of the cases the temperature difference is found to be more 
than 1 degree Centigrade. When collating the temperature diffcrenccs 
with the electromyographic findings to the right, it will be seen that 
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the normal EMG findings are all located in the half section showing 
slight temperature differences between the amputated and not-amput- 
ated sides, whereas all except two cases with lower motoneuron lesion 
and increased duration of potentials are  to  be found in the half section 
displaying the widest differences in temperature. 

The Result of Frequency Analysis of the E M G  Signals 

A s  already mentioned in the section headed “Materials and method”, 
the frequency analysis is accomplished with the aid of a method des- 
cribed by Kaiser & Peterse‘n (19651, in which the passband activity of 
each one of the 50, 800 and 1600 Hz filters is related to the activity 
of the 200 Hz filters. This analysis showed that  there was DO certain 
difference between right and left sides when muscles on the amputatctl 
side of the type which showed normal EMG images on routine EMG 
were compared with corresponding muscles on the other side. In the 
same way, no deviations were traced on comparison of such muscles 
on the amputated side which, on routine EMG, showed somewhat in- 
creased duration of muscle action potcntials with the corresponding 
muscles on the other side. In  thc matter of frequency spectrum from 
muscles showing electromyographic signs of lower motoneuron lesions, 
however, the reduction in amplitude of the 800 and 1600 Hz signals 
was considerably greater than in the control material, and on the basis 
of these facts it was possible to decide that the myo-signals from niusc- 
les showing EMG signs of lower motoncuron lesion are less useful for 
the purpose of controlling a prosthesis. The section headed “Material 
and method” also mentions the spectral distribution of signals revealed 
via the output of the various filters expressed as the logarithm of 
ratio of the different filter outputs as  compared with the 200 Hz filter 
output. The decibel scale (dB)  is used to indicate the observed differ- 
ences hetween the output levels. Thus 20 dB, corresponding to a ratio 
of 10, is indicated by an output voltage of 2 volts, corresponding to .1 
v. per dR. On evaluating of thc results of the analysis I have taken the 
mean value ratios (expressed in d B )  of log. 800 Hz output: 200 Hz out- 
put, and log. 1600 Hz output: 200 Hz output. W e  then consider 15 dB 
as the upper determinant of acceptability for control of a servo pros- 
thesis. The reason for this approximate limit is that  a poor representa- 
tion of signals in the 800-1600 range (great dB values) would demand 
a high amplification of the EMG, which in its turn would decrease the 
signal to noise level.Figurc 5 shows a divisioning of muscles on the am- 
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Figurr 5. Mapping out of the portion of the material uihrrr conorntional E Y G  or 
f rrqurnry  analysis of EMG could furnish information as to  thr suitabili ty (+) or 
non-suitahilily I-) of the musrliv for producing signnls f o r  rontrol of p o i o r r d  

prosthrsis. Sec tcxl  f o r  f u r t h r r  ti(Jtai1s. 

putated side examined in the manner stated above, where the symhol- 
means either that the stated dB figurc is higher than 15 or that routinc 
HMG test shows signs of lower motoneuron lesion, or both, whereas 
the symbol f indicates that the dB value is 15 or less in a inusclc 
which on routine EMG shows no sign of lower motoneuron lesion. The 
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most fruitful section of our material deals with patients who have been 
amputated below the elbow. From the sketches i t  can be seen that  six 
of these have no muscle in the forearm stump which is able to produce 
suitable signals according to our  criteria. In all, five patients show 
suitable signals from a t  lcast two muscles in the forearm stump. 
On the other hand, not less than 13 of the 19 cases have at  least three 
muscles on the amputated side which can produce suitable signals. 
Obviously, the number of suitablc muscles indicated in the illustration 
constitutes a minimum number, since in  each individual case only 
certain muscles of the flexor and extensor group of the forearm have 
been subject to investigation. 

D I S C U S S I O N  

The present investigation has produced evidence to support the fact 
that i t  is possible with the aid of electromyography and frequency 
analysis of the niyopotentials to effect a mapping out of the muscles 
which might be of use in producing signals for control of a powerrd 
prosthesis. Certain data from the prescnt investigation may bc subject 
to modification as some of the amputations were performed a long time 
age. In  the present work, therefore, there is no doubt that a smaller 
number of findings of so-called dcnervation potentials, as well as a 
reduced quantity of polyphasic potentials as expressions for reinner- 
vation, exist than would he the case in the course of an  examination 
closely associated with the amputation. I also plan to  extend the 
investigation by adding a suitable number of cases of more immediate 
association with the amputation. 

Of special interest is the 71-year old patient who had his forearm 
amputated a t  three years of age. During the examination he had diffi- 
culty in effecting a rcasonablc voluntary contraction, although the 
muscles in the s tump region were in a good state of preservation. It 
is possible that disturbances in the central innervation were of signifi- 
cance in this case, possibly due to the early date of the amputation. 
Similar innervation disturbances have been stated to be much more 
common in niaterial of leg amputations. (Blom, Hagbnrth, Lemperg & 
Ottoson 1965). 

On comparison with corresponding muscles on the non-amputated 
side, the temperature of muscles located within the amputation region 
was found to  he lower. This may possibly explain the comparatively 
common finding of muscle action potentials of extended duration. It 
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could, for example, be assumed that the lower muscle temperature has 
a special influence on the most peripheral ncrve branches, resulting 
in the spreading of the time taken for the nerve transmission, which in 
turn may result in an extension of thc duration of muscle potcntisls. 
Such an  extended duration of the muscle action potentials due to a 
lowering of the niuscle temperature, has  previously been proved by 
Buchthal, Pinelli & Roscnfalck (1954) .  

S IJ hl M A H Y 

Fifty cases of arm-amputated patients have been subject to invcsti- 
gation; traumatic a rm amputation in 42 cases, 35 mcn and seven 
women, congenital arm amputation in eight cases, two men and six 
women. In 31 cases, amputation had takcn place on the right a rm,  and 
in 19 cases, on the left. In two cases, it was a matter of complete ex- 
articulation, in 11 cases, amputation somewhere above the elbow, in 32 
cases. somcwhcre below the elbow, and in 5 cases, below the wrist. 

In all the cases a routine EMG test was carried out. Signs of lower 
motoneuron lesion appeared in a number of examined muscles, princi- 
pally within the region of the stump. Frequency analysis of the EMG 
signals was also carried out according to the method described by 
Kaisrr & PetersCn (1965) .  On the basis of the result of the conventional 
EMG test and frequency analysis an  attempt was niadc to  map out  the 
rnusclcs on the amputation side which will lie suitable or unsuitable 
for producing signals for control of powcrcd prosthesis. 

R E S U M E  

50 cas dc malades aniputbs du bras ont fait I’objet d’un examen: 
amputation traumatique du bras dans 42 cas, 35 hommes et 7 femmcs, 
amputation congknitale du h a s  dans 8 cas, deux hommes et six femnies 
Dans 31 cas, il Ctait question de I’aniputation du bras droit et dans 
19 cas du bras gauche. Dans deux cas, il s’aggissait d’une exarticulation 
complkte, dans 1 1  cas I’amputation mai t  eu lieu quelquc part au-dcssus 
du coude, dans 32 cas, quelque part au-dcssous du coudc et dans 5 cas 
au-dessous du poignet. 

Dans tous Ies cas examen routinier par Clectromyographie ( E M G )  
a 6th pratiqub. Des signcs de lbsion de ncuronc moteur infbrieur son1 
apparus dans un certain nombre dc rnusclcs examinks, principalement 
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dans la rCgion du moignon. Une analyse de la frkquence des signaux 
EMG a aussi ktk pratiqukc sclon la nikthode dkcrite par Kaiser  & 
Peterstn (1965). Sur la base du rksultat du test conventionnel EMG 
et de l’analyse dc la frkqucnce, on a tentC de voir si les muscles du 
cbte de l’amputation sont aptes ou non A produire les signaux dc con- 
trble des prothhses. 

Z U S A M M E N F A S S U N G  

Fiinfzig Falle von Arm-aniputierten Patienten wurden untcrsucht, 
traumatische Armamputation in 42 Fallen, 35 Manner und sieben 
Frauen, angehorene Armamputationen in acht Fallen, zwei Manner 
und sechs Frauen. In 31 Fallen hatte die Amputation am rechten und in 
19 Fallen am linken Arm stattgefundcn. In zwei Fallen handelte es sich 
um vollstandige Exartikulation, in 11 Fallen uni Amputation oherhalb 
des Ellhogens, in 32 Fullen distal vom Ellhogen und in 5 Fallen distal 
des Handgelenkes. 

In allen Fallen wurde einc routinemassige EMG ausgefuhrt. Zcichen 
von Beschadigung des distalcn Motorneuron zeigten sich in einer An- 
zahl der untersuchten Muskeln, Hauptsahlich in der Stumpfrcgion. 
Frequenzanalyse der EMG Signale nach der von Kaiser & PetersCn 
( 1965) beschriehenen Methodc wurde ebenfalls vorgenommen. Auf dcr 
Basis von konvetionellcn EMG Priifungen und der Frcquenzanalyse 
wurde der Versuch unternommen die Muskrln der aniputierten Seite 
herauszufinden, die geeignet oder ungeeignet sein u i r d c n  Signale zur 
Kontrollc ciner aufgeladenen Prothese hervorzuhringen. 

This investigation has  heen supported hp grants from the Swedish Medical 
Research Council, the Insurance Company FOLKSAM and the Medical Society, 
Gothenburg, Sweden. 
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