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Electrode and Cannulae i-:c::D::::~: ·::-1- :;:-~~ i~S:I:k:::~:i~ 
Implantation in the Brain by a -:,r=~::::::-~-;:::::-::~:_: :., :; i;:-i; - ::::I -::i-i 
Simple Pcrcutaneous Method 

i:·;:i·:::::: ~-- :i.i-:~-;.:: .. ~: 
In an investigation of the Dsycholog- 

ically active motivational (reward and 
punishment) systems of the brain stimu- 

lized "roving" electrodes implanted in the 
lated by electrical means, we have utj- :::::i; :: 5\d~i:~ --; :::: ·ii~- 

unanesthetized monkey's brain (]-~). s 
The technique of implantation by ham- 
mering sleeve-shaped guides into the 
skull for these movable electrodes ap- FiS. 2. );-ray photograph of monkey's 
qarently has not been used before and skull (No. 230857, Horatio) containing 
simplifies the problem in chronic prepa- 20 sleeves and one electrode; 16 sleeves 

rations (2, 3, 5, 6). The stereotaxic in- are in the midplane and two are on each 
strument (7) can be used to place the *~ side, 10 mm lateral to the midplane. The 
guides. During times when experiments latter four sleeves are displaced down- 

~" ward because of skull curvature, not be- 
are not being carried out on the animal, - 

cause of deeper penetration. Careful in- 
all electrodes and cannulae can be re- 

spection of stereo x-ray pairs shows that 
moved, leaving inconspicuous self-clos- none of the sleeves penetrates more than 
ing and self-healing skin lesions. a small fraction of a millimeter beneath 

The method consists of implanting in ::9 the inside surface of the skull. Some angu- 
the skull (but beneath the skin and out- lation of those sleeves which were started 
side the dura) a hollow tube (sleeve) ~~if~i a :::3~~q on sloping parts of the skull can be seen; 
which guides the electrode (or electrode this "anSulation error" has been reduced 
array or cannula )through the skull in by modifications in the size of the sleeve 

and in the fit of the director on the sleeve 
a defnite direction into the brain. An Fig. i. parts used in method of electrode (see text). 
electrode (8) is pushed through the skin implantation described in this report: 
and subcutaIleous tissues, into the outer .~,~~ the lower end of the spear-shaped 
end of the sleeve in the skull, throug·h the hardened steel tool (4·1 mm over-all the soft tissues and finds the opening· in 
barrel, and thence into the brain. length) used for starting the hole in the the sleeve with the spear's sharp tip. By 

The sleeves are made from stainless bone; b,b', the lower part of the mandrel pressing the cone end of the spear into 
steel (type No. 316) hypodermic needle (41 mm over-all length), with a sleeve the guide's outer end, the skin and sub- 
tubing (No. 20, 0.90 mm outside diam- 0" the Small cylindrical lower end (made cutaneous tissues are pierced. The skin 

of tungsten wire, 0.56 mm in diameter) is held in place with a forceps, the spear eter, 0.57 mm inside diameter, in one (b'); c,c', sleeves tone on mandrel and 
case--a macaclue implantation) as is .., by;tself); d,d', electrode; e, a sleeve iS withdrawn, and a sharp needle is in- 
shown in Fig. Ic. guide on the electrode, showing a tight fit S'''CCd far enough to puncture the dura. 
In the spot desired for the implanta- at the tapered inner end. The needle is withdrawn, and the elec- 

tion, a small indentation is made in the trode or cannula is inserted into the 
soft tissues and bone with a hardened one-half millimeter or so of the guide sleeve and lowered into the brain. To 
steel spear-shaped tool (FiS. la), which is driven into the bone, the mandrel is measure the depth of penetration of elec- 
is guided thl-ough a long tube-shaped manually tugged lightly upwards; if it trode or cannula, a pointed scale is used 
rigid bearing in a director used in place comes out of the sleeve easily, the lower to measure the distance from the outer 
of the electrode carrier in the stereotaxic end of the guide (FiS. Ic') has passed end of the sleeve to the outer end of the 
instrument. The director has a cone- tile inner table of the skull (but not the inserted cylinder of the electrode or can- 
shaped lower end which is pressed into dura). nuta. The leng-th of the sleeve varies with 
the skin; the spear is lightly pounded After the sleeve is in place in the skull, the animal and the loci in the skull. For 
into the bone (for a distance of about '/2 the skin and the subcutaneous tissues are the top of the skull of a macaque of 6 kg 
mm) and then is withdrawn. The sleeve allowed to pull together over the upper (13.2 Ib) weight, for example, suitable 
is placed on the mandrel las in Fig. Ib); end and to heal. The sleeves are placed lengths are 3~2 to 4f/2 mm; for the skull 
the mandrel is inserted in the director; in definite patterns in the skull by means of a porpoise, 20 to 50 mm. 
the mandrel and the sleeve are driven of the stereotaxic instrument and allowed After 5 to 6 weeks, a thin plate of bone 

into the bone by light hammering on the to protrude above the skull about 2 mm. grows over the ends of guides which 
outer end of the mandrel. After each The operator palpates these ends through are Rush with the skull's surface. This is 



~asily drilled out with two beveled hypo- right monkey nor in a floating porpoise intl·ncerebral motivational systems in ex- 
dermic needles-first ~tvith one smaller with a closed calvarium. Using roving pcriments lasting up to 7 days. 
than and then with one the same size as electrodes, we have not yet seen tin ex- JOIIN C. LILL\' 
the electrode. I~i\re months after an im- ploration of about 30 tracks, in four ani- Lnbol·ator3, of Neu~ophysiolog~y, 
plantation the bone has not grown over Inals, o\rer a period of 18 months) any n'abional Illstitute of n~lentnl Health, 
the outer ends of guides which protrude signs of tearing of an artery or signs of Bethesda, n~lar),land 
1.0 to 2.0 Inm above the periosteum. increased intracranial pressure from any 
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