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The possibility of using myo-electric potentials for control of a powered 
prosthesis was first realized by Bat tyc ,  Nighfingale & Whi l l i s  (1055) .  
In a previous paper (Hirsch, Kaiser & PetersPn 1064) regarding bio- 
electrical control in a servo-system, we discusscd the possibilitics :in(] 

difficulties in using different types of clcctrodcs for receiving the 
muscle action potentials. We also mcntioncd the desirability of creating 
a small elcctronic circuit for implantation under the skin in ordcr to 
obtain a closer contact with the muscle and a minimum of tlisturhance 
from ncighbouring muscles. With such an implanted clcctrotlc wit 
would be able to exclude the interference associated with fixation and 
maintenance of surface electrodes. Recently Rot lomly  (1065) discussctl 
the matching of amplifiers to electrodes showing resistance of up to 
200 KOhni. 

Regarding an  implantable circuit, some properties should be ta l tc~i  
into consideration. It should be of a suitablc sizc, probably not cxccctl- 
ing a volume of 0.5 ems. It should have a shapc with due rcgartl to thc 
electric input terminals and the surrounding tissucs. Considering th:it 
the implantation will be for a long period, built in battcrics must I)c 
avoided and the necessary powering be ohtaincd from an  cxtcrnal 
source in the mW power range. Furthermore, the cxtcrnal covering 
has to be of a material which could lie well tolcratcd by thc tissues. 
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Figure 1. Block diagram, showing on the  l e f t  t he  externaI p o w e r  oscillator yielding 
energy to the  poiuer receiver of the  implanted circuit O R  t he  right. T h i s  power 
rrceioer conoerts a f rac i ion  o f  the  powcr oscillaior output  to t1.c. uoltage, which  is 
energiiing an F.M. transmitter.  The  transformed bio-actioity f roni  the F.hl. truns- 

mi t ter  is rrceiued outside tht, botfy b y  an  F.M. receiwr. 

T E C H N I C A L  D E S C H I P T I O N  O F  T H E  
bl I C R 0 - CI R C U I T 

The arrangenicnt is shown in thc block diagram of Figure 1. A n  cxtcr- 
nal 3 MHz power oscillator yielding an cncrgy output of about 20 mW 
is situated on the skin surface at  a distance of bctwcen 1.5-4 cm froni 
the implanted circuit. The implantcd circuit consists of two parts-l/ 
a power rcccivcr which conwrts  a fraction of tlic powcr oscillator 
output to d. c. voltagr, which is energizing 21 a small transistor oscil- 
lator, which is frequency modulatcd bio-clcctrically hy iiicans of capa- 
citor diodes. The bio-activity is thus transformctl to frcqucncy modul- 
atcd output a t  a ccntcr frcqucncy of 430 kHz, which is rcccivcd outside 
the body hy means of a F. M. rcccivcr circuit tunctl for the said ccntcr 
f rcqucncy. 

Figure 2 shows a diagram of thc micro-circuit. A small ccntcr tapped 
coil 1 a and 1 b having a ferrite core with a diameter of 1.5 mm, 
receives energy inductively from thc cxtcrnal powcr sourcc. A small 
capacitor, 20-30 pF, is used to tune thc circuit to the frcqucncy of the 
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Figure 2. A Diagram of the micro-circuif, f u l l y  dcxrcribcd in the f ex t .  

power oscillator. The coil 1 a provides a steering signal for a niiniaturc 
epitaxial silicon transistor in such a way that this transistor works as 
a “controlled rectifier”. Only whcn the hase-emitter voltage from thc 
coil 1 a cxcceds 0.5 V, can rectification or conduction take place over 
the emitter-collector circuit of the transistor. Compared to a simplc 
diodc arrangement, two advantages have been obtained : 1 ) thc  avoi- 
dance of a voltage drop of nhout 0.6 V which would always have taken 
place over a silicon diodc. In the present arrangemcnt the emitter 
collector voltage drop is less than 0.06 V, provided the necessary 
steering voltage exists over the hasc-emitter circuit. The necessary 
energy in the stcering circuit is only a fraction of the corresponding 
diode loss in a conventional circuit. 2 )  an cffcctivc voltage regulation is 
ohtained because an  cncrgy surplus inimcdiatcly is dissipated over the 
base-emitter circuit. 
Two capacitors, 2nF and l n F ,  form together with a 10 KOhm series 
resistor, the termination of thc power supply of the micro-circuit. Thc 
F. M. frequency modulated oscillator is connected to two capacitor 
diodes. The coil of this oscillator is wound on a core of the same type 
as  thc receiving coil and ccntcr tapped for the input of the supply 
current. I t  should be noted that  the basc and the collector of thc 
transistor oscillator are kept a t  the samc d. c. potential. In this way a 
rcry economic and stahlc circuit is obtained. Thc necessary feeding 
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Figure 3.  The etched circuifs of the implanted sys tem,  a-b) a center tapped 

receiver coil;  c )  a center tapped transmitter coil: dl-112) capaciter diodes; 
el-1.2) input terminals. 

voltage is only 0.47 V and it oscillates a t  a pcak to prak voltagr of 
about 0.5 V with a current consumption down to 20 PA. The micro- 
circuit is nearly drift free. When the distancc varies in the transmission 
range 1.5-4 cm, the total center frequency change is maximum 300 Hz. 

Figure 3 shows the etched circuits of thc implanted system. As  an 
aid for the reader a few of the components are  syniholized: a-bl the 
center tapped receiver coil; cl the ccnter tapped transmitter coil; 
dl-d2/ the capacitor diodes; el-e2i input terminals (U-shaped gold 
wires 0.35 mm in diamcter). The base plate consists of 0.25 min 
epoxyglassfibre coppcr clad laminate with a lcngth of 12 inm and a 
width of 10 mm. The receiving coil is mounted along the 12 mni edge 
of the base plate and the transmitting coil is placed pcrpendicular to 
the receiving coil. 

The geometry of the coil arrangement is shown i n  Figure 4. In 
order to obtain a reasonable elcctromagnetic cfficicncy, a magnetic 
concentrator arrangcmcnt has been made for the receiving coil and 
the transmitting coil as well. Thc receiving coil a-b is tcrminatcd by 
two concentrators g l  and g2. Thc transmitting coil c uses the core 
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Figure 4 .  Showing the arrangement of the coils in order to obtain reusonable 
electromagnetic efficiency, a-b) receiving coil, terminated by  two  concentrators, 
gl ,  92. c )  frunsmitt ing coil, using the core of the receiving coil as a concentrator 

at the one end and u ferrite rod at the other end. 

of the receiving coil as  concentrator a t  the one end and a bare fcrritc 
rod a s  concentrator a t  the opposite cnd. This concentrator nrrangenicnt 
improves the receiving and transmitting efficiency by a factor of 
about 1.5. 

In the spacc hetween the concentrators are placcd commercially 
available ininiature components. After mounting and preliminary 
tests, the components are emhedded in epoxy (araldite) and after final 
nicchanical corrections the whole unit (except the protuding gold 
rlcctrodes) is rceinbeddcd in epoxy. 

Initially we intended to use silicone-rubber for the final encapsulation. 
Unfortunately, the inechanical durability was poor, possibly hccausc 
this type of rubber has shown an insufficient mcchanical resistance 
around the protruding electrode wires. 

P R E L I M I N A R Y  R E S U L T S  O F  A C L I N I C A L  T E S T  
O F  T H E  I M P L A N T E D  M I C R O - C I R C U I T  

The aggrcgate has been clinically tested in two persons, the one a 
volunteer, the other a 30 years old male who two ycars ago had his 
right arm amputatcd about 20 cm distal to the elbow. In both cases 
thc implantation was performcd under local anaesthesia. The implant 
was placed near the extensor muscles immcdiately superficial to the 
overlying fascia, a t  a depth below the skin surface of 1-2 cm. In the 
volunteer it was removed immcdiately after having hcen tcstcd at  the 
laboratory. In the patient the forearm during the first 3-4 days after 
the operation showed a slight edema at  the site of surgery, which thrre- 
after completely disappcared. He had no further discomfort from the 
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Figure 5. X - r a y  p i c ture  of the imp lan ted  aggrrgaf r  in  thc  pa t i en t .  

implantation. The implanted micro-circuit was electrically tested imme- 
diately and after a period of 10 days. Shortly thereafter the transmitted 
signals appeared to be of a less satisfactory quality. For  that reason i t  
was removed for technical control. It was now observed that  the 
implant was surrounded by a membrane, about 0.2 mm thick. On 
histologic examination, the membrane was shown to consist of unspe- 
cific granulation tissue. Technical control revealed an extraneous 
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Fiyurc. 6. Trcinsniitterl hio-elrctric s iynuls  f rom the oolutcrr: extensor rnuscli*s o/' 
thc, foreurm (upper curve) anti for comparison thr actiuity obtainc.tl r ~ i t i  skirt 

electrodes f r o m  t h t  sirnlc u r ~ u  ( lower  rnror) .  

shrinkage of the epoxy-material surrounding the micro-circuit, thus 
exposing this component to severe mechanical stress. This shrinkage 
may possibly be caused by chemical action in connection with the 
sterilization procedure (ethylPn dioxide). 

Figure 5 shows a n  X-ray picture of the implanted aggregate. 
Figure 6 is taken from the volunteer and illustrates a coinparison 

between the transmitted hio-electric activity (upper curve) and the 
activity obtained via skin electrodes from the same area. Thc low 
frequencies arc  more clearly rel)rcsrnted in the upper tracing. During 
the recording the two EMG's have been analyzed by  means of a 
method described by Kniser & PrtrrsPn (1965) .  In this method the 
EM(;-signals are filtered by mrans of octave filtcrs, the output of 
which is used to cxprcss the spectral frequency-distribution of the 
muscle action potentials. The  centcr 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 
compared to the 200 Hz filter output. The visual impression that the 
low frequency content of the transmitted activity was higher than that 
obtained via skin electrodes was confirmed. However, according to 
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Figure 7.  Transmittrtl actioity from the p a t i c r i t  (t2xtrnsor rnusclt,s of thr forrarml 
obtained A )  one hour aftrr the iniplantolion, B )  f e n  dugs aft1.r the implantation. 

an  earlier rcport (Hirsch, Icniser & Pderskn 1964), the value of the 
low frcquency spcctrum as  a source of information is poor. Therefore, 
it is of greater importancc to cxamine the high frequency portion of the 
spectrum. From this cxamination it cmcrgcd that  the 800 Hz and 1600 
Hz activity was fa r  bctter rcprrscntcd in the transinittcd activity. In 
fact, it was shown that  the 800 Hz and 1600 Hz activity was 40 per cent 
and 300 per ccnt higher respectivcly in the activity transmitted from 
the implant. 

Figure 7 illustratcs the transmittcd activity froin the patient. In 
this case also, thc implant was placcd in connection with the extensor 
muscles of the forearm. A shows the activity ohtaincd about one hour 
after implantation. €3 shows the activity ten days later. Contrary to the 
result from thc volunteer, thc spectral distribution of the transmitted 
activity froin the amputcc showed less high-frequency activity than 
that  obtained with skin elcctrodcs. When the analyzctl activity in A 
is compared to that in B, a minor increase in thc high frcquency output 
of the latter was detected. This might he due to an increase in the 
effective electrode area caused by the prcsence of anaesthetic fluid and 
edema in close time relation to the surgical procedure. 
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Of course, a representative series of amputees iiiust he invcstig:itctl for 
a long pcriod in order to state the possible value of cstcrn:il p o ~ c ~ r c ~ l  
implanted micro-circuits for the control of lwwerctl prostheses. How- 
ever, it is apparent froin the above that such a type of tclemctring is 
not too difficult to perform. A R F  powered irnplantcd unit has bccn tlc- 
scrihed hy KO ( 1961).  This unit consists, howcvcr, of two intcrconncctcd 
Init separate elcincnts, the one acting as a H F  recciveripowcr supply, 
the other as a frcquency modulntrtl transmittcr. The two clcmcnts :ire 
nicchanically and electrically intcrconncctcd hy nicans of :I 1 c ~ i i  

flexible wire. 
In future work, the shape of the implant should he an ohjeet of niorc. 

attention. In order to avoid possible liquid accumulation around the 
clcctrodes, thew should have the shape of a lens or a liean. At the same 
time a reduction of the total volume of the implant to about 0.2 o r  0.25 
cin3 is desirable and we think possible when changing from conventional 
miniature components to nionolit circuits. It is our intention to h:ivr 
the active elements cncapsulatccl in a miniature glass container in order 
to avoid a possible degradation of the semiconductors after long-tern1 
c’xposure to tissue fluid. 

S IJ bl M A H Y 

A technical description is given of an implantable micro-circui t 
tclemctring myo-potentials for servo control of powered prosthcsis. 

Preliminary results are given of the clinical observations and the 
clcctrical tests of the telemetred niyo-signals. 

R E S U M E  

I1 est donnC unc description technique d’un micro-circuit iniplantahlc 
t61Cmesurant le myopotcntiel du servo-contrblc des prothcscs powcrctl. 

Dcs rksultats prCliminaires sont donnes sur  les observations cliniques 
ct les testes Clectriques dcs myo-signaux tClCnicsurCs. 

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

Eine technische Beschreihung eines cinpflanzharen Mikrostromltrcis 
fcrnmessen dcn Myopotentials zur  Scrvokontrol von aufgclatlcncn 
Prothesen wird gegeben. 
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Vorlaufigc Ergebnisse der klinischcn Bcohachtungcn urid der elck- 
trischcn Prohcn dcr frrngeincssenen Myosignalc wcrdrn gegcbcn. 

This investigation has  heen supported by grants from the Swedish Medical 
Research Council, the Insurance Company FOLKSAM and the hlctlical Society of 
Gothenhurg. Sweden. 
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